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SUPPLEMENT 

•/ • 

- TO THE 

ENCYCLOPAEDIA BRITANNICA. 

I N D 
Increment INCREMENT, is the fmall increafe of a variable 

quantity. Newton, in his Treatife on Fluxions, 
calls thefe by the name Moments ; and obferves, that 
they are proportional to the velocity or rate of increafe 
of the flowing or variable quantities in an indefinitely 
fmall time. He denotes them by fubjoining a cypher o 
to the flowing quantity whofe moment or increment it 
is; thus, xo the moment of .v. In the doftrine of In- 
crements, by Dr Brooke Taylor and Mr Emerfon, they 
are denoted by points below the variable quantities ; 
as x. Some have alfo denoted them by accents under- 
neath the letter, as x ; but it is now more ufual to ex- 

' / 
prefs them by accents over the fame letter, as x. 

METHOD OF INCREMENTS, a branch of Analy- 
tics, in which a calculus is founded on the properties of 
the fucceflive values of variable quantities, and their dif- 
ferences or increments. 

The inventor of the method of increments was the 
learned Dr Taylor, who, in the year publilhed 
a treatife upon it ; and afterwards gave fome farther 
account and explication of it in the Philof. Tranf. as 
applied to the finding of the fums of feries. And an- 
other ingenious and eafy treatife on the fame, was pub- 
blifhed by Mr Emerfon, in the year 1763. The me- 
thod is nearly allied to Newton’s Do&rine of Fluxions, 
and arifes out of it. Alfo the Differential method of 
Mr Stirling, which he applies to the fummation and in- 
terpolation of feries, is of the fame nature as the me- 
thod of increments, but not fo general and extenfive. 

INDETERMINATE PROBLEM. See ALGEBRA, 

Part I. Chap. VI. Encycl. 
Diophantus was the firfi: writer on indeterminate 

problems, which, after the publication of his work in 
1621 by Bachet, employed much of the time of the 
moft celebrated mathematicians in Europe. Afterwards 
fuch problems were neglefted as uielefs, till the public 
attention was again drawn to them by Euler and La 
Grange. The example of fuch men was followed by 
Mr John Lefiie, a very eminent and felf-taught mathe- 
matician ; who, in the fecond volume of the Tranfac- 
tions of the Royal Society of Edinburgh, has publifhed 
an ingenious paper on indeterminate problems, refol- 
ving them by a new and general principle. “ The doc- 
trine of indeterminate equations (fays Mr Leflie) has 
been feidom treated in a form equally fyftexnatic with 
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I N D 
the other parts of algebra. The folutions commonly 
given are devoid of uniformity, and often require a va- 
riety of aflumptions. The objedf of this paper is to 
refolve the complicated exprefllons which we obtain in 
the folotion of indeterminate problems, into fimpie 
equations, and to do fo, without framing a number of 
aflumptions* by help of a Angle principle, which, though 
extremely Ample, admits of a very exteufive applica- 
tion. 

“ Let A X B be any compound quantity equal to 
another, C X D, and let m be any rational number af- 
fumed at pleafure ; it is manifeft that, taking equimul- 
tiples, A X 7W B = c X m D. If, therefore, we fup- 
pole that A = D, it muft follow that TW B =: C, or 

B = —. Thus two equations of a lower dimenfion 
m 

Indetermi- 
nate, 

Indu&ion. 

are obtained. If thefe be capable of farther decompo- 
fition, we may aflitme the multiples n and/>, and form 
four equations ftill more fimpie. By the repeated ap- 
plication of this principle, an higher equation, admitting 
of divifors, will be refolved into thofe of the firft order, 
the number of which will be one greater than that of 
the multiples a {Turned.” 

For example, refuming the problem at firft given, 
viz. to find two rational numbers, the difference of the 
fquares of which ftiall be a given number. Let the 
given number be the preduft of a and b ; then by hy- 
pothefis, x2—y* zz a bbut thefe compound quanti- 
ties admit of an eafy refolution, for * -j-y X x —y =r 
aXb. If, therefore, we fuppofe x +y — m a, we 

{hall obtain x —y — — ; where m is arbitrary, and if 
m 

rational, A: and y muft alfo be rational. Hence the re- 
folution of thefe two equations gives the values of .v and 
y, the numbers fought, in terms of m ; viz. 

m7, a -f- b , m7 a — b 
x zz !—, and y =  

2 m 2 m 
INDUCTION, in logic, is that procefs of the un- 

derftanding by which, from a number of particular 
truths perceived by fimpie apprehenfion, and diligently 
compared together, we infer another truth, which is al- 
ways general and fometimes univerfal. It is perhaps 
needlefs to obferve, that in the procefs of indu&ion the 
truths to be compared muft be of the fame kind, or re- 
late to objects having a fimilar nature ; for the mereft: 

A tyro 
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Indu&ion. tyro in fcience knows that phyfxcal truths cannot be 

v compared with moral truths, nor the truths ol pure 
mathematics with either. 

That the method of indu£lion is a juft logic has been 
fufticiently evinced elfewhere (fee LOGIC, I art III. 
chap. V. and PHILOSOPHY, n° 73—78, Encytl.),. and 
is now in deed generally admitted. It is even admitted 
by Britifh philofophers to be the only method of rea- 
foning by which any progrefs can be made in the phyfi- 
cal fcinces ; for the laws of Nature can be diicoveied 
pnly by accurate experiments, and by carefully noting 
the agreements and the differences, however minute, 
which are thus found among the phenomena apparently 
iimilar. It is not, however, commonly faid that inchic- 

■ tion is the method of reafoning employed by the mathe- 
maticians ; and the writer of this article long thought, 
with others, that in pure geometry the reafoning is 
ftnckly fyllogijlical. Mature reflfeftion, however, has led 

•AppendixIf’11* to doubt, with Dr Reid*, the truth of the gene- 
to Voi. III. rally received opinion, to doubt even whether by cate- 
of Sketches gorical fyllogiftns any thing whatever can be proved. 
eftheHifi0- To tpe idolaters of Ariftotle we are perfe&ly aware 
rjy of Man. tp;a wiH appear an extravagant paradox; but to the 

votaries of truth, we do not defpair of making it very 
evident, that for fuch doubts there is fome foundation. 

We are led into this difquifttion to counteraft, in 
fome degree, what we think the pernicious tendency of 
the philofophy of Kant, which attempts have been late- 
ly made to introduce into this country. Of this philo- 
fophy we fhall endeavour to give fomething like a dif- 
tin£! view in the proper place. It is fufficient to ob- 
ferve here, that it refts upon the hypothefis, that “ we 
are in poffeffion of certain notions a priori, which are 
abfolutely independent of all experience^ although the oh- 

jelcls of experience correspond with them \ and which are 
fiiftinguifhed by neceffity and ftrift univerfalityThefe 
innate and univerfal notions, Kant considers as a fet of 
categories., from which is to be deduced all fuch know- 
ledge as deferves the name of fcience ; and he talks, of 
qourfe, or at leaft his Engbfli tranflators repiefent him 
talking, with great contempt, of inductive reafoning, 
and fu'bftituting fyllogiftic demonftration in its ftead. 

As his categories are not familiar to our readers, we 
fliall, in this place, examine fyllogifms connedted with 
the categories of Ariftotle, which are at leaft more intel- 
ligible.than thofe of Kant, and which, being likewife 
general notions, muft, in argument, be managed in the 
fame way. Now the fundamental axiom upon which 
every categorical fyllogiim refts, is the well known pro- 
pofition, which affirms, that “ whatever may be predica- 
ted of a whole genus, may be predicated of zvzxy fpecies 
and of every individual comprehended under that ge- 
nus.” This is indeed an undoubted truth ; but it can- 
not conftitute a foundation for reafouing from x\\tgenus 
to the fpecies or the individual; becaufe we cannot pof- 
fibly know what can be predicated of the genus till we 
know what can be predicated of ail the individuals ran- 
ged under it. Indeed it is only by afeertaining, through 
the medium of indudlion, what can be predicated, and 
what not, of a number of individuals, that wTe come to 
form fuch notions as thofe ol, genera and fpecies ; and 
therefore, in a fyllogifm ftritlly categorical, the propo- 
fitions which conftitute \d\e. premijfes, and are taken for 
granted, are thofe alone which are capable of proof ; 
whilft the conclufton, which the logician pretends to 
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demonftrate, muft be evident to intuition or experience, In ItnfHorn 
otherwife the premiffes could not be knowm to be true. v '' 
The analyfis of a few fyllogifms will make this apparent 
to every reader. 

Dr Wallis, wffia, to an intimate acquaintance with 
the Ariftotelian logic, added much mathematical and 
phyfical knowledge, gives the following fyllogifm as a 
perfedt example of this mode of reafoning in the firft 
figure, to which it is knowm that all the other figures 
may be reduced : — 

Omne animal eft fenfu preeditum. 
Socrates eft animal. Ergo 
Socrates eft fenfu preedit us. 

Here the propofition to be demonftrated is, that So- 
crates is endowed wuth fenfe ; and the propofitions af- 
fumed as felftevident truths, upon which the demonftra- 
tion is to be built, are, that “ every animal is endowed 
with fenfe and that “ Socrates is an animal.” But 
how comes the demonftrator to know that “ every ani- 
mal is endowed with fenfe ?” To this queftion we are 
not aware of any anfwer which can be given, except 
this, that mankind have agreed to call every being, 
which they perceive to be endowed with fenfe, an ani- 
mal. Let this then be fuppofed the true anfwmr : The 
next queftion to be put to the demonftrator is, How he 
comes ta know that Socrates is an animal P If we have 
anfwered the former queftion properly, or, in other 
words, if it he effential to this genus of beings to be 
endowed with fenfe, it is obvious that he can know that 
Socrates is an animal only by perceiving him to be en- 
dowed with fenfe; and therefore, in this fyllogifm, the 
propofition to be proved is the very firft of the three of 
which the truth is perceived ; and it is perceived intui- 
tively, and not inferred from others by a procefs of rea- 
foning. 

Though there are ten categories and five predicables, 
there are but two kinds of categorical propofitions ; 
viz. Thofe in which the property or accident is predi- 
cated of the fubitance to which it belongs, and thofe 
in which the genus is predicated of the Jpecies or indivi- 
dual. Of the former kind is the propofition pretended 
to be proved by the fyllogifm which we have confider- 
ed ; of the latter, is that which is proved by the fol- 
lowing : 

Qmcquid fenfu prreditum, eft animal. 
Socrates eft fenfu prasditus. Ergo 
Socrates eft animal. 

That this is a categorical fyllogifm, legitimate in. 
mode and figure, will be denied by no man who is not 
an abfolute ftranger to the veVy firft principles of the 
Ariftotelian logic; but it requires little attention indeed 
to perceive that it proves nothing. The iinpofition of 
names is a thing fo perfe&ly arbitrary, that the being, 
or clafs of beings, which in Latin and Engliih is called 
animal, is with equal propriety in Greek called t^aov, and 
in Hebrew ifSa- To a native of Greece, therefore, and 
to an ancient Hebrew, the major propofition of this 
fyllogifm would have been wholly unintelligible ; but 
bad either of thofe perfons been told by a man of known 
veracity, and acquainted with the Latin tongue, that 
every thing endowed with fenfe was, by the Romans, 
called animal, he would then have underftood the pro- 
pofition, admitted its truth without helitation, and have 

henceforth 
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ttidu&ion. henceforth known that Socrates and Mofes, and every 

-v  thing elfe which he perceived to be endowed with fenfe, 
would at Rome be called animal. This knowledge, 
however, would not have relied upon demonftrative rea- 
foning of any kind, but upon the credibility of his in- 
former, and the intuitive evidence of his 0/1 fenfes.. 

It will perhaps be faid, that the two fylbgifms which 
we have examined are improper examples, becaufe the 
truth to be proved by the former is felf-evident, whilll 
that which is meant to be ellablilhed by the latter is 
merely verbal, and therefore arbitrary^ But the follow- 
ing is liable to neither of thefe objections : 

All animals are mortal. 
Man is an animal; therefore 
Man is mortal. 

Here it would be proper to afk the denionftrator, 
Uppn what grounds he fo confidently pronounces all 
animals to be mortal ? The propofitidn is fo far from 
exprefling a felf-evident truth, that, previous to the en- 
trance of fin and death into the world, the firlt man had 
furelv no conception of mortality, hie acquiied the 
notion, however, by experience, when he law the ani- 
mals die in fucceffion around him ; and when he obier- 
ved that no animal with which he was acquainted, n 't 
even his own fon, efcaped death, he would conclude that 
all animals, without exception, are mortal. This con- 
cluiion, however, could not be built upon fyllogiftic rea- 
foning, nor yet upon intuition, but partly upon expe- 
rience and partly on analogy. As far as his experience 
went, the proof, by induction, of the mortality of all 
animals was complete ; but there are many animals in 
the ocean, and perhaps on the earth, which he never 
faw, and of vvhofe mortality therefore he could affirm 
nothing but from analogy, i. e. from concluding, as the 
conllitution of the human mind compels us to conclude, 
that Nature is uniform throughout the univcrfe, and 
that fimilar caufes, whether known or unknown, will, 
in fimilar circumfiances, produce, at all times, fimil.ir ef- 
fects. It is to be obferved of this fyllogifm, as of the 
firft which we have confidered, that the propofition, 
which it pretends to demonftrate, is one of thole truths 
known by experience, from which, by the piocefs of in- 
duction, we infer the major of the premiffes to be true ; 
and that therefore the reafoning, if reafoning it can be 
culled, runs in a circle. _ . 

Yet by a concatenation of fyllogifms have logicians 
pretended that a long feries of important truths may be 
difcovered and demonftrated ; and even Wallis himfelf 
feems to think, that this is the inllrument by which the 
mathematicians have deduced, from a few poftulates, ac- 
curate definitions, and undeniable axioms, all the truths 
of their demonftrative fcience. Let us try the truth of 
this opinion, by analyfing feme of Euclid s demonftra- 
tions. 

In the fhort article PRINCIPLE (hncycl.), it lias been 
fhewn, that all our truths are particular, and that it 
is by applying to them the rules of induction that we 
form general truths or axioms~even the axioms of pure 
geometry. As this fcience treats not of real exteinal 
things, but merely of ideas or conceptions, the cieatures 
of our minds, it is obvious, that its definitions may be 
perfe&ly accurate, the induction by which its axioms 
are formed complete, and therefore the axioms them- 
felves univerfal propofitions. The ufe of thefe axioms 
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is merely to ffiorten the different procefies of geometn- Indu^iO. 
cal reafoning, and not, as has fometimes been abfurdly ‘ " "~y 

fuppofed, to be made the parents or caufes of particular 
truths. No truth, whether general or particular, can, 
in any fenfe of the word, be the caufe of another truth. 
If it were not true that all individual figures, of what- 
ever form, comprehending a portion of Ipace equal to a 
portion comprehended by any other individual figure, 
whether of the fame form with fome of them, or of a 
form different from them all, are equal to one another, 
it would not be true that “ things m general, which are 
equal to the fame thing, or that magnitudes which co- 
incide, or exaCtly fill the fame fpace," are refpeCtiyely 
equal to one another ; and therefore the firft and eight 
of Euclid’s axioms would be falie. So far are thefe 
axioms, or general truths, from being the parents of par- 
ticular truths, that, as conceived by us, they may, with 
greater propriety, be termed their offspring. They are 
indeed nothing more than general expieffions, compre- 
hending all particular truths of the fame kind. When 
a mathematical propofition therefore is enounced, if the 
terms, of which it is compofed, or the figures, of which 
a certain relation is predicated, can be brought together 
and immediately compared, no demonflration is necef- 
fary to point out its truth or falfehood. It is indeed 
intuitively perceived to be either comprehended under, 
or contrary to fome known axiom of the fcience ; but 
it has the evidence of truth or falfehood in itfelf, and 
not in confequence of that axiom. Wftien the figures or 
fymbols cannot be immediately compared together, it is 
then, and only then, that recourfe is had to demonftra- 
tion ; which proceeds, not in a feries of fyllogiims, but 
by a proceis of ideal mepfuration or induction. A fi- 
gure or lymbol is conceived, which may be compared 
with each of the principal figures or fymbols, or, ii that 
cannot be, with one of them, and then another, which 
may be compared with it, till through a feries of well 
known intermediate relations, a comparifon is made be- 
tween the terms of the original propofition, of which 
the truth or falfehood is then perceived. 

Thus, in the 47th propofition of the firft book of 
Euclid’s Elements, the author propofes to demonftrate 
the equality between the fquare of the hypothenufe of a 
right angled triangle, and the fum ot the Iquares deferi- 
bed on the other two fides ; but he does not proceed in 
the w-ay of categorical fyllogifms, by railing his demon- 
llration on fome uuiverfal truth relating to the genus of 
fquares. On the contrary, he proceeds to meafure the 
three Iquares, of which he has affirmed a certain 1 ela- 
tion ; but as they" cannot be immediately compared to- 
gether, he direfts the iargeft of them to be divided into 
two parallelograms, according to a rule which he had 
formerly afeertained to be jult; and as thefe parallelo- 
grams can, as little as the fquare of which they are the 
conftituent parts, be compared with the fquares of the 
other two fides of the triangle, he thinks of lome inter- 
mediate figure which may be applied as a common mea- 
fure to the fquares and the parallelograms. According- 
ly having before found that a parallelogram, or fquare, 
is exaftly double of a triangle Handing on the fame bale 
and between the fame parallels with it, he conltrufts 
triangles upon the fame bafe,.and between the fame pa- 
rallels with his parallelograms, and the fquares of the 
fides containing the right angle of the original triangle ; 
and finding, by a procefs formerly Ihewn to be juft, that 
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tine triangles on the bales of the parallelograms are pre- 
cilcly equal to the triangles on the bafes of the fquares, 
be perceives at once that the two parallelograms, of 
•which the largeft fqnare is compofcd, muft be equal to 
the fum of the tvro lefl’er fquares ; and the truth of the 
pvopofition is demonhrated. 

In the courfe of this demondration, there is not fo 
much as one truth inferred from another fydogifm, 
but all are perceived in fucceffion by a feries of fimple 
apprelienfions. Euclid, indeed, after finding the tri- 
angle conltrufted on the bafe of one of the parallelo- 
grams to be equal to the triangle conftrufted on the 
bale of one of the fquares, introduces an axiom, and 
fays, “ but the doubles of equals are equal to one an- 
other; therefore the parallelogram is equal to theTquare ” 
But if from this mode of exprefiion any man conceive 
the axiom or univerfal truth to be the cauje of the truth 
rnore particular, or fuppofe that the litter could not be 
apprehended without a previous knowledge of the for- 
mer, he is' a ftranger to the nature of evidence, and to 
•the proctfs of generalization, by which axioms are form- 
ed. 

If we examine the problems of this ancient geometri- 
cian, we lhall find that the truth of them is proved by 
the very fame means which he makes ufe of to point 
out the truth of his theorems. Thus, the firft problem 
cfh is immortal work is, “ to defcribe an .equilateral tri- 
angle bn a given finite ftraight line ; and not only is 
this to be done, but the method by which it is done 
mult be fucb as can be fiiewn to be incontrovertibly 
juft. The ikies of a triangle, however, cannot be ap- 
plied to each other fo as to be immediately compared ; 
for they are conceived to be immoveable among them- 
ielves. A common meafure, therefore, or fomething 
equivalent to a common meafure, muft be found, by 
which the triangle may be conftrufted, and the'equa- 
lity of its three fides afterwards evinced ; and this equi- 
valent Euclid finds in the circle. 

By contemplating the properties of the circle, it was 
cafy to perceive that all its radii muft be equal to one 
another. He therefore diredls two circles to be defcri- 
btd from the oppofite extremities of the given finite 
ftraight line, fo as that it may be the radius of each of 
them ; and from the point in which the circles interfedl 
one another, he orders lines to be drawn to the extreme 
points of the given line, affirming that thefe three lines 
conftitute an equilateral triangle. To convince his read- 
er of the truth of this affirmation, he has only to put 
him in mind, that from the properties of the circle, the 
lines which he has drawn muft be each equal to the gi- 
ven line, and of courfe all the three equal to one an- 
other ; and this mutual equality is perceived by fimple 
apprehenfion, and not inferred by fyllogiftic veafoning. 
Euclid, indeed, by introducing into the demonftration 
his firft axiom, gives to it the form of a fyllogifm : but 
that fyllogifm proves nothing ; for if the equality of 
the three fides of the triangle were not intuitively per- 
ceived in their pofition and the properties pf the circle, 
the firft axiom would itfelf be a falfehood. So true it 
is that categorical fyllogifms have no place in geometri- 
cal leafoning ; which is as ftribtly experimental and in- 
duttive as the reafoning employed in the various branches 
of phyfics. 

But if this be fo, how come the truths of pure geo- 
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metry to be neceffary, fo that the contrary of any one InduiSion. 
of them is clearly perceived to be impoffible ; whilft v——' 
phyiical truths are all contingent, fo that there is not 
one of them of which the diredt contrary may not ea- 
fily be conceived ? 

That th -e is not one phyfical truth, of which the 
contrary may not be conceived, is not perhaps fo cer- 
tain as has generally been imagined ; but admitting the 
fadt to be as it has commonly been ftated, the apparent 
difference between this clafs of truths and thofe of pure 
geometry, may be eafily accounted for, without fuppo- 
fing that the former refts upon a kind of evidence to- 
tally different from that which fupports the fabric of 
the latter. 

The objedls of pure geometry, as we have already ob- 
ferved, are the creatures of our own minds, which con- 
tain in them nothing concealed from our view. As the 
mathematician treats them merely as meafurable quan- 
tities, he knows, with the utmoft precifion, uport what 
particular properties the relation affirmed to lubfift be- 
tween any two or more of them muft abfolutely de- 
pend ; and he cannot poffibly entertain a doubt but it 
will be found to have place among all quantities having 
the fame properties, becaufe it depends upon them, and 
upon them alone. His procefs of indudtion, therefore, 
by a feries of ideal meafurements, is always complete, 
and exhaufts the fubjedt ; but in phyfical inquiries the 
cafe is widely different. The fubjedts which employ 
the phyfical inquirer are not his own ideas, and their 
various relations, but the properties, powers, and rela- 
tions of the bodies which compofe the univerfe ; and of 
thofe bodies he knows neither the fubftance, internal 
ftrudlure, nor all the qualities : fo that he can very fel- 
dom difeover with certainty upon what particular pro- 
perty or properties the phenomena of the corporeal 
world, or the relations which fubfift among different 
bodies, depend. He expedts, indeed, with confidence, ’ ' 
not inferior to that with which he admits a mathematical 
demonftration, that any corporeal phenomenon, which 
he has obferved in certain circumftances, will be always 
obferved in circumftances exadtiy fimilar ; but the mif- 
fortune is, that he can very feldom be afeertained of this 
fimilarity. He does not know any one piece of matter 
as it is in itfelf; he cannot feparate its various proper- 
ties ; and of courfe cannot attribute to any one proper- 
ty the efi’edls or apparent effedts which proceed exclu- 
fively from it. Indeed, the properties of bodies are fo 
clofely interwoven, that by human means they cannot 
be completely feparated ; and hence the moil cautious 
inveftigator is apt to attribute to fome one or two pro- 
perties, an event which in reality refults perhaps from 
many. (See PHILOSOPHY and PHYSICS, Encycl.) 
This the geometrician never does. He knows perfedily 
that the relation of equality which fubfifts between the 
three angles of a plain triangle and two right angles, 
depends not upon the fize of the triangles, the matter 
of which they are conceived to be made, the particular 
place which they occupy in the univerfe, or upon any 
one circumftance whatever befides their triangularity, 
and the angles of their corrolets being exadtly right 
angles ; and it is upon this power of diferimination 
which we have in the conceptions of pure geometry, 
and have not in the objedts of phyfics, that the truths 
of the one feitnee are perceived to be neceffary, while 

■ -thofe 
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Trertia, thofe of the other appear to be contingent ; though 

infiamma* tj)e m0(]e 0f demonftration is the fame in both, or at 
tlon' leaft equally removed from categorical fyllogifms. 

INERTIA. See DYNAMICS and IMPULSION in 
this Supplement. 

INFLAMMATION has been fufnciently explain- 
ed in the Encyclopaedia, and in the article CHEMISTRY 

in this Supplement ; but it cannot be improper, in this 
place, to give an account of iome remarkable 

Spontaneous Iki'LAMMA*!wits, which, as different fub- 
flances are liable to them, have been, and may again 
be, the caufe of many and great misfortunes. 

The fpontaneous inflammation of effential oils, and 
that of fome fat oils, when mixed with nitrous acid, are 
well known to philofophers ; fo alfo is that of powder- 
ed charcoal with the fame acid (lately difcovered by M. 
Proull), and thofe of phofphorus, of pyrophorus, and 
of fulminating gold. Thefe fubftances are generally to 
be found only in the laboratories of chemifts, who are 
perfectly well acquainted with the precautions which it 
is neceffary to take to prevent the unhappy accidents 
which may be occafioned by them. 

The burning of a ftore-houfe of tails, which Happen- 
ed at Brell in the year 1757, was can fed by the fpon- 
taneous inflammation of fome oiled cloths, which, after 
having been painted on one fide, and dried in the fun, 
were flowed away while yet warm ; as was fhewn by 

* - ,, fubfequent experiments*. 
Jlresde Vegetables boiled in oil or fat, and left to them- 
I'Academie felves, after having been prefied, inflame in the open 
de Paris, ajr- This inflammation always takes place when the 

vegetables retain a certain degree of humidity ; if they 
are firft. thoroughly dried, they are reduced to allies, 
without the appearance of flame. We owe the obfer- 

1 *tournal vat ion of thefe fads to MM. Saladin and Carettef.^ 
Pbyfique, The heaps of linen rags which are thrown together 
J7g4* in paper manufadlories, the preparation of which is 

battened by means of fermentation, olten take lire, if 
not carefully attended to. 

The fpontaneous inflammation of hay has been known 
for many centuries ; by its means houfes, barns, &c. 
have been often reduced to attics. When the hay is 
laid up damp, the inflammation often happens ; for the 
fermentation is then very great. This accident very 
feldom occurs to the firft hay (according to the obfer- 
vation of M. de Bomare), but is much more common 
to the fecond ; and if, through inattention, a piece of 
iron fliould be left in a ftalk of hay in fermentation, the 
inflammation of that Italic is- almolt a certain eonie- 
quence. Corn heaped up has aifo fometimes produced 
inflammations of this nature. Vanieri, in his Pradium 
liujlicum, fays, 

Shi a vero (gramina) nonclum fat is infolata recondens 
Irnprudens, fubitis pariunt incendia jlammis. 

.Dung alfo, under certain circumftances,. inflames fpon- 
raneoufly. 

In a paper, publiflied in the Repertory of Arts and 
ManufaSories, by the Rev. William. Tooke, F. R. S. 
&c. we have the following remarkable inftances of fpon- 
taneous inflammation. “ A perfon of the name of 
Rude, an apothecary at Bautzen, had prepared a py- 
rophorus from rye-bran and aium. Not long after he 
had made the difcovery, there broke out, in the next 

- village of Nauflitz, a great fire, which did much mif- 
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chief, and was faid to have been occafioned by the treat- Inflan-ma- 
in g of a fick cow in the cow-houfe. Mr Rude knew, tl^n' , 
that the countrymen were ufed to lay an application of 
parched rye-bran to their cattle for curing the thick 
neck ; he knew alfo that alum and rye-bran, by a pro- 
per procefs, yielded a pyrophorus ; and now he wiflied 
to try whether parched vye-bran alone would have the 
fame effedl. Accordingly, he roafted a quantity of rye. 
bran by the fire, till it had acquired the colour of roafL 
ed coffee. This roafted bran be wrapped up in a linen 
cloth ; in the fpace of a few minutes there arofe a ftrong 
fmoke through the cloth, accompanied by a fmell of 
burning. Not long afterwards the rag grew as black 
as tinder, and the bran, now become hot, fell through 
it on the ground in little balls. Mr Rude repeated 
the experiment at various times, and always with the 
fame relult. Who now will any longer doubt, that the 
frequency of fires in cow-houfes, which in thofe parts 
are moftly wooden buildings, may not be occafioned by 
this common practice, of binding roafted bran about 
the necks of the cattle ? The fire, after confuming 
the cattle and the filed, communicates itfelf to the ad- 
joining buildings ; great damage enfues ; and the. ig- 
norant look for the caufe in wilful and malicious firing, 
confequently in a capital crime.” . . 

The fame author informs us, that in the fpring of 
the year 178c, a fire was difcovered on board a Ruffian 
frigate lying in the road of Cronftadt j which, if it had 
not been timely'extinguished, would have endangered 
the whole fleet. After the fevertft fcrutiny, no caufe 
of the fire was to be found ; and the matter was forced 
to remain without explanation, but with ftrpng iurmiies 
of fome wicked incendiary being, at the bottom of it. 
In the month of Auguft, in the lame year, a file broke 

out at the hemp-magazine at St Peteriburgh, by which 
feveral hundred thoufand poods* of henip and flax were * ^ pood 
confumed. rlhe walls of the magazine weie of hi iC|k, con fats °f 
the floors of ftone, and the rafters and covering of irpn; 4° P0^ 
it Hands alone on an ifiand in the Neya, on which, as 

well as on board the fliips lying in the Neva, no fine is 
permitted. - In St Peterfburgh, in the. fame year,, a,fire 
was difcovered in the vaulted fliop of a furriei. . ku 

thefe (hops, which are all vaults, neither fire nor candle 
is allowed, and the, doors of them- are all of iron. - At 
length the probable cauie was found to be, that the fur-- 
rier, the evening before the fire, had got a roll of new 
cere-cloth (much in ufe here for covering tables, coun- 
ters, &c. being eafily wiped and kept clean), and. had 
left it in bis vault, where it was-.found ah no ft confumcfi- 

In the night between-the 2Qth and 2lft of April 
1781, a fire was fe.en on board the frigate Maria, w.niclv 
lay at anchor, with leveral other (hips, in tne load qft 
the ifiand of Cronftadt ; the fire was, however, foon ex- 
tinguifhed ; and, by the fevereft examination, littie or 
nothing could be extorted concerning trie (runner .in 
which it had arifeti. The ganiion was threaten'd votn 
a fcrutiny that fhould coft thenwdear ; and while they 
were in this cruel flute of fufpence, an older cuint noni 
the fcxvere-ig.il, which quisled their reinis, and gave- life 
to fome very, fatisfa&ory experiments. 

It having been found, upon juridical examination, as 
well as private inquiry, that in the {hip’s cabin, when 
the fmoke appeared, there lay a bundle of matting, 
containing Ruffian - lamp-black prepared from ihffoot, 
moiftened with hemp oil varnifh, which was perceivcu 

tou 



INF [ 
Inflamma- to have fparks of fire in it at the time of the extinction, 
, tl0r1, the Ruffian admiralty gave orders to make various ex- 

v periments, in order to fee whether a mixture of hemp- 
oil varniffi and the forementioned Ruffian black, folded 
up in a mat and bound together, would kindle of itfelf. 

They (hook 40 pounds of fir-wood foot into a tub, 
and poured about 35 pounds oT hemp-oil vantiffi upon 
it ; this they let Hand for an hour, after which they 
poured off the oil. The remaining mixture they now 
wrapped up in a mat, and the bundle was laid clofe to 
the cabin, where the midfiiiplnen had their birth. To 
avoid all fufpicion of treachery, two officers fealed both 
the mat and the door with their own feals, and ftation- 
ed a watch of four fea-offieers, to take notice of all 
that paffed the whole night through ; and as foqn as 
any fmoke fhould appear, immediately to give informa- 
tion to the commandant of the port. 

The experiment was made the 26th of April, about 
11 o’clock A. M. in prefence of all the officers named 
in the commiffion. Early on the following day, about 
fix o’clock A. M. a fmoke appeared, of which the chief 
commandant was immediately informed by an officer : 
he came with all poffible fpee$, and through a fmall 
hole in the door faw the mat fmoking. Without open- 
ing the door, he difpatched a meffenger to the members 
of the commiffion ; but as the fmoke became ftronger, 
and fire began to appear, the chief commandant found 
it neceffary, without waiting for the members of the 
commiffion, to break the feals and open the door. No 
fooner was the air thus admitted, than the mat began 
to burn with greater force, and prefently it burft into 
a flame. 

The Ruffian admiralty, being now fully convinced 
of the felf-enkindling property of this cOmpofition, 
tranfmitted their experiment to the Imperial Academy 
of Sciences ; who appointed Mr Georgi, a very learned 
and able adjunft of the academy, to make farther experi- 
ments on the fubjeft. Previous to the relation of thefe 
experiments, it is neceffary to obferve, that the Ruffian 
fir-black is three or four times more heavy, thick, and 
un&uous, than that kind of painters black which the 
Germans call kten rahm. The former is gathered at 
'Ochta, near St Peterfburgh, at Mofco, at Archangel, 
and other places, in little wooden huts, from refinous 
fir-wood, and the un&uous bark of birch, by means of 
an apparatus uncommonly fimple, confiding of pots 

, without bottoms fet one upon the other ; and is fold 
very cheap. The famous fine German kien-rahm is cal- 
led in Ruffia Holland's Hack. In what follows, when 
raw oil is fpoken of, it is to be underftood of linfeed- 
oil or hemp oil ; but moft commonly the latter. The 
varniffi is made of five pounds of hemp-oil boiled with 
two ounces and a half of minium. For wrapping up 
the compofition, Mr Georgi made ufe of coarfe hemp- 
linen, and always fingle, never double. The impregna- 
tions and commixtures were made in a large wooden 
bowl, in which they flood open till they wrere wrapped 
up in linen. 

Phree pounds of Ruffian fir-black were flowly im- 
pregnated with five pounds of hemp-oil varniffi ; and 
when the mixture had flood open five hours, it was 
bound up in linen. By this procefs it became clotted ; 
but fome of the black remained dry, AVhen the bundle 
had lam fixteen hours in a cheft, it was obferved to 
emit a very naufeous, and rather putrid, fmell, not quite 
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unlike that of boiling oil. Some parts of it became Inflamm*, 
warm, and fleamed much 5 this fleam was watery, and tio,l‘ 
by no means inflammable. Eighteen hours after the W‘V’— 
mixture was wrapped Up, one place became brtfwn, e- 
mitted fmoke, and diredlly afterwards glowing fire ap- 
peared. The fame thing happened in a fecund and a 
third place, though other places were fcarcely warm. 
The fire crept flowly around, and gave a thick, grey, 
flinking ftnoke. Mr Georgi took the bundle out of 
the cheft, and laid it on a flone pavement ; when, on 
being expofed to the free air, there arofe a flow burn- 
ing flame, a fpan high, with a flrong body' of fmoke. 
Not long afterwards there appeared, here and there, 
feveral chaps or clefts, as from a little volcano, the va- 
pour iffuing from which burft into flame. On his break- 
ing the lump, it burft into a very violent flame, full 
three feet high, which foon grew lefs, and then went 
out. The fmoking and glowing fire lafled for the fpace 
of fix hours ; and afterwards the remainder continued 
to glow without fmoke for two hours longer. The 
grey earthy afhes, when cold, weighed five ounces and 
a half. 

In another experiment, perfectly fimilar to the fore- 
going, as far as relates to the compofition and quanti- 
ties, the enkindling did not enfue till 41 hours after the 
impregnation : the heat kept increafing for three hours, 
and then the accenfion followed. It is worthy of re- 
mark, that thefe experiments fucceeded better on bright 
days than on fuch as were rainy ; and the accenfion came 
on more rapidly. 

In another experiment, three pounds of Ruffian fir- 
black were fiowly impregnated with three pounds of 
raw hemp-oil ; and the accenfion enfued after nine hours. 

i hree quarters of a pound of German vahm wers 
flowly impregnated with a pound and a half of hemp- 
oil varnifh. The mixture remained yc hours before it 
became hot and reeking : it then gradually became hot- 
ter, and emitted a flrong exhalation ; the effluvia were / 
moift, and not inflammable. The rea&ioh lafled 36 
hours ; during which the heat was one while ftronger, 
and then weaker, and at length quite ceafed. 

Stove or chimney foot, moftly formed from birch- 
wood fmoke, was mingled with the above-mentioned 
fubftances, and tied up ; the compound remained cold 
and quiet. 

Ruffian fir-black, mixed with equal parts of oil of tur- 
pentine, and bound up, exhibited not the leaft readlion 
or warmth. 

Birch oil, mixed with equal parts of Ruffian fir- 
black, and bound up, began to grow warm and to emit 
a volatile fmell ; but the warmth foon went off again. 

The inflances of fpontaneous inflammation hitherto 
mentioned have been only of vegetable fubftances ; but 
we have examples of the fame thing in the animal king- 
dom. Pieces of woollen cloth, which had not been 
fcoured, took fire in a warchoufe. The fame thing hap- 
pened to fome heaps of woollen yarn ; and fome pieces 
of cloth took fire in the road, as they were going to the 
fuller. Thefe inflammations always take place where 
the matters heaped up preferve a certain degree of hu- 
midity, which is neceffary to excite a fermentation ; the 
heat refulting from which, by drying the oil, leads thetn 
infenfibly to a ftate of ignition ; and the quality of the 
oil, being more or lefs deficcative, very much contri- 
butes thereto. 

The 
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The woollen fluff prepared at Sevennes, which bears 

the name of Emperor’s fluff, has kindled of itfelf, and 
burnt to a coal. It is not unufual for this to happen 
to woollen fluffs, when in hot fummers they are laid in 
a heap in a room but little aired. 

In June 1781, the fame thing happened at a wool- 
pomber’s in a manufacturing town in Germany, where 
a heap of wool-combings, piled up in a clofe warehoufe 
feldom aired, took fire of itfelf. This wool had been 
by little and little brought into the warehoufe ; and, 
for want of room, piled up very high, and trodden 
down, that more might be added to it. That this 
combed wool, to winch, as is well known, rape-oil 
mixed with butter is ufed in the combing, burnt of it- 
felf, was fworn by feveral witneffes. One of them af- 
firmed that, ten years before, a ffmilar fire happened 
among the flocks of wool at a clothier’s, who had put 
them into a cafk, where they were rammed hard, for their 
ealier conveyance. This wool burnt from within out- 
wards, and became quite a coal ; it was very certain 
that neither tire nor light had been ufed at the packing, 
confequently the above fires arofe from fimilar caufes. 
In like manner, very credible cloth-workers have certi- 
fied, that, after they have brought wool that was be- 
come wet, and packed it clofe in their warehoufe, this 
wool has burnt of itfelf; and very ferious confequences 
might have followed, if it had not been difcovered in 
time. 

Nay, there are inflances, though they be but rare, 
of human bodies being confumed by fpontaneous in- 
flammation. In the Philofophical TranfaClions, and in 
the Memoirs of the Academies of Paris and Copenha- 
gen, it is related that an Italian lady (the Countefs 
Cornelia Bandi) was entirely reduced to afhes, except 
her legs ; that an Englifh woman, called Grace Pitt, 
was almofl entirely confumed by a fpontaneous inflam- 
mation of her vifcera ; and, laflly, that a prieft of Ber- 
gamo was confumed in the fame manner. Thefe fpon- 
taneous inflammations have been attributed to the abufe 
of fpirituous liquors ; but though the victims of intem- 
perance are indeed very numerous, thefe certainly do 
not belong to that number. 

The mineral kingdom aifo often affords inflances of 
fpontaneous inflammation. Pyrites heaped up, if wet- 
ted and expofed to the air, take fire. Pitcoal alio, laid 
in heaps, under certain circumftances, inflames fponta- 
neoufly. M. Duhamel has defcribed two inflammations 
of this nature, which happened in the magazines of 
Brefl, in the years 1741 and 1757. Cuttings of iron, 
which had been left in water, and were afterwards 
expofed to the open air, gave fparks, and fet fire to the 
neighbouring bodies. Por this obfervation we are ob- 
liged to M. de Charpentier. 

The caufes of thefe phenomena the chemift will aflign ; 
but they are here recorded as a warning to tradefmen 
and others. It is evident, from the fadts which have 
been related, that fpontaneous inflammations being very 
frequent, and their caufes very various, too much at- 
tention and vigilance cannot be ufed to prevent their 
dreadful effedls. And confequently it is impofiible to 
be too careful in watching over public magazines and 
ftorehoufes, particularly thofe belonging to the ord- 
nance, or thofe in which are kept hemp, cordage, lamp- 
black, pitch, tar, oiled cloths, &c. which fubflances 
ought never to be left heaped up, particularly if they 
have any moifture in them. In order to prevent any ac« 
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cident from them, it would be proper to examine them Inflamma- 
often, to take notice if any heat is to be obferved in ^j11 

them, and, in that cafe, to apply a remedy immediately. j^. 
Thefe examinations fhould be made by day, it not be- .n -v 1 t 
ing advifable to cai^ry a light into the magazines ; for 
when the fermentation is fufficiently advanced, the va- 
pours which are difengaged by it are in an inflamma- 
ble flate, and the approach of a light might, by their 
means, fet fire to the fubflances whence they proceed. 
Ignorance of the fore-mentioned circumflances, and a 
culpable negligence of thofe precautions which ought 
to be taken, have often caufed more misfortunes and 
lofs than the moil contriving malice : it is therefore of 
great importance that thefe fads fhould be univerfally 
known, that public untility may reap from them every 
poffible advantage. 

INFORMED STARS, or INFORMES STELLA, are 
fuch flars as have not been reduced into any conftella- 
tion ; otherwife called Sporades.—There was a great 
number of this kind left by the ancient aflronomtrs ; 
but Hevelius, and fome others of the moderns, have 
provided for the greater part of them, by making new 
Gonflellations. 

SYMPATHETIC INK is an old invention. Among 
the methods by which Ovid teaches young women to 
deceive their guardians, when they wrffe to their lovers, 
he mentions that of writing with new milk, and of ma. 
king the writing legible by coal-duff or foot. 

Tula quoque ejl, faUitque oculos, e la8e recenti 
I/itera : car bonis pulvere tange, leges. 

It is obvious, that any other colourlefs and glutinous 
juice, which will hold faff the blacK powder ftieweci 
over it, will anfwer the purpofe as well as milk ; and 
therefore Pliny recommends the milixy juice of ceitain 
plants to be ufed. 

There are feveral metallic filiations perfedly colour- 
lefs, or, at leaft, without any ftrong tint, which being 
wrote with, the letters will not appear until the paper 
be waflied over with another colourlefs fqlution, or ex- 
pofed to the vapour of it ; but among all thefe there-is 
none which excites more aftonifhment, or from which 
naturalifts can draw more conclufions, than that which 
confifts of a filiation of lead in vegetable acid, and which 
by the vapour of arfenical liver of fulphur becomes 
black, even at a confiderable diflance. Phis ink, which 
may be ufed by conjurors, proves the fubtlety of va- 
pour, and the porofity of bodies ; as the charge or co- 
louring takes place even when the writing is placed on 
the other fide of a thin wall. 

We knew before, that a folution of lead, treated in 
this manner, would anfvver the purpofe of a fympathetic 
ink (fee that article Encycl) ; but we did not know, 
nor do we yet believe, that the fulphuric vapours will 
a£l upon the writing through a nvall. Such, however, 
is the affirmation of Profeffor Beckmann, who gives an 
account of a flill more wonderful ink from Peter Borel. 
This author, in a book called Hijloriarum et obferva- 
tionum medico-phyjtc. centurite quatuor, printed at Pans, 
firft in 1653, and afterwards in 1657, gives a receipt 
for making this ink, which he calls magnetic waters 
which aB at a diflance. The receipt is as follows : 

“ Let quick lime be quenched in common water, and, 
while quenching, let fome orpiment be added to it (this, 
however, ought to be done by placing warm afhes un- 
der it for a whole day), and let the liquor be filtered,. 

and- 
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ik. and preferved in a glafs bottle well corked. T. hen boil 
v™' litharge of gold, well pounded, for half an houi with vi- 

negar, in a brafs vefiel, and filter the whole thiough 
paper, and preferve it alfo in a bottle clofelp corked, if 
•you write any thing with this laft water, with a clean 
pen, the writing will be inviliblc when dry ; but if. it 
be walked over with the lirll water it will become in- 

■ftantly black. In this, however, there is nothing afto- 
niihing ; but this is wonderful, that though (heets of 
paper without number, and even a board, be placed be- 
tween the invifible writing and the fecond liquid, it will 
have the fame effect, and turn the writing black, pene- 
trating the wood and paper without leaving any traces 
of its a&ion, which is certainly furprifrng ; but a fetid 
fmell, occafroned by the mutual adtion of the liquids, 
deters many from making the experiment. I am, how- 
ever, of opinion, that I could improve this fecret by a 
more refined chemical preparation, fo as that it flrould 
perform its effeCl through a wall. This fecret (fays 
;Borel) I received, in exchange for others, from J. Brof- 
fon, a learned and ingenious apothecary of Montpe- 
lier.” 

For making a fympathetic ink of the fifth clafs men- 
tioned in the Encyclopedia, the following procefs by 
M. Meyer may be worthy of the reader’s notice. It 
was entered upon in confequence of a receipt for rofe- 
coloured fympathetic ink (hewn to him by a traveller. 
In that receipt cobalt was the principal ingredient, and 
therefore the firfi: objedl was to procure cobalt ; but M. 
Meyer, being unwilling to facrifice pure pieces of cobalt 
of any confiderable fize, made choice of one, which was 
vifibly mixed with bifmuth, iron, and quartz. He endea- 
voured to feparate the bifmuth as much as poffible, and 
alfo the arfenic, if it fhould contain any, by bringing it 
fiowly to a red heat ; and he fucc-eeded pretty well, as 
the bifmuth flowed from it in abundance ; and the ar- 
fenic, the quantity of which was fmall, was volatilifed : 
many globules of bifmuth ftill adhered to it. By bring- 

. ing .it repeatedly to a red heat, and then quenching it 
in water, it was reduced to fuch a flate as to be eafily 
pulverifed. Having poured nitrous acid upon the pow- 
der, he obtained by digeftion a beautiful rofe red folu- 
lion ; the filiceous earth was feparated in the form of a 
white fiime, and by diluting it with water there was 
depofited a white powder, which was oxyd of bifmuth. 
The folution being filtered, he added to it a folution of 
potalh, and obtained a precipitate inclining more to a 
yellow than to a led colour. Fie again poured over it 
a little of the nitrous acid, by which a part of the oxyd 
was re diffolved of a red colour : the remaining part, 
which had a dark brown colour, was oxyd of iron, 
t rom the folution, by the addition of potalh, a preci- 
pitate was formed, which was now reddilh. Havinsr 
by this procefs obtained it pure, that he might now 
prepare from it the wifhed-for red ink, he diffolved the 
waflien pure oxyd of cobalt in different acids. That 
diffolved in the nitrous acid with a mixture of nitre, 
gave a green ink like the common ; that diffolved in the 
iulphurons acid,, without the addition of falls, gave a 
reddifn ink, which remained after it was expofed to 
heat, and would not again difappear, even when a folu- 
tion of mtre was applied ; and that diffolved in the mu- 
riatic acid, gave a green ink, darker and more beautiful 
t uin tne common. By diffolving it, however, in the 
acetous acid, and adding a little nitre, he obtained what 
lie had m view ; fur it gave, on the application of heat, 
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an ink of a red colour, like that of the rofa cenlifolia, Inordinate, 
which'again difappeared when the paper became cold. l"feCK . 

INORDINATE PROPORTION, is where the order ™ v 7 

of the terms compared is diflurbed or irregular. As, 
for example, in two ranks of numbers, three in each 
rank, viz. in one rank, - - - 2, 3, 9, 
and in the other rank, - - - 8, 24, 36, 
which are proportional, the former to the latter, but in 
a different order, viz. - - 2 : 3 : : 24 : 36, 

and - - 3:9:: 8 : 24. 
then, calling out the mean terms in each rank, it is con- 
cluded that - - - - 2 : 9 : : 8 : 36, 
that is, the firfi: is to the 3d in the firfi rank, 

as the firfi is to the 3d in the 2d rank. 
INSECTS (See Encycl.). A number of non-d<j- 

feript little animals was difeovered by La Martiniere 
the naturalift when accompanying Peroufe on his cele- 
brated voyage of difeovery. Thefe animals he called 
infetts, and to many of them he gave particular names. 4 
Of thefe we Ihall give his defeription in this place, lea- 
ving our readers, as he has left his, to arrange them 
properly according to the Linnaean claffiiication. 

“ The infeft, which is figured N° 1. inhabits a fmall p[afe 

prifmatie triangular cell, pointed at the two extremities, XXX, 
of the confifience and colour of clear brittle ice ; the 
body of the infeft is. of a green colour, fpotted with 
fmall bluilh points, among which are fome of a golden 
tinge ; it is fixed by a ligament to the lower part of its 
fmall habitation : its neck is terminated by a fmall 
blackilh head compofed of three converging fcalcs, in 
the form of a hat, and enclofed between three fins, two 
of them large and channelled in the upper part (A) 
and one fmall femicircular (B). When it is difiurbed, 
it immediately withdraws its ims and its head into its 
cell, and gradually finks intoxthe water by its own fpe- 
cific gravity. Fig. 2. reprefents the under fide of the 
prifm, flievving in what manner it is channelled, in order 
to allow free pafiage to the animal when it willies to 
flint itfelf up in it. Fig. 3. reprefents the profile of the 
fame. The movement carried on by the two larger 
fins, which are of a foftilh cartilaginous fubfiance, may- 
be compared to that which would be produced by the 
two hands joined together in the Hate of pronation, and 
forming, alternately, two inclined planes and one hori- 
zontal plane : it is by means of this motion that it 
fupports itlelf on the top of the water, where it proba- 
bly feeds on fat and oily fubflances on the furface of 
the fea.” Our author found it near Nootka, on the 
north weft coail of America, during a calm. 

Fig. 4. reprefents a colleAion of infefts, as our au- 
thor calls them, confuting only of oval bodies, fimilarto 
a foap-bubble, arranged in parties of three, live, fix, and 
nine : among them are alfo fome folitary ones. Thefe 
colle&ions of globules, being put into a glafs filled with 
lea-water, delcnbed a rapid circle round the glals by a 
common movement, to which each individual contribu- 
ted by fimple compreffion of the iides of its body, pro- 
baoly the tile A of the re-aAion of the air with which 
they were filled. It is not, however, eafy to conceive 
tiow thele diftinA animals (for they may be readily fe- 
parated without deranging their economy) are capable 
of concurring in a common motion. “ Thefe confidera- 
tions (lays our author), together with the form of the 
animal, recalled to my mind, with much fatisfaAron, 
the ingenious fyitem of M. de Buffon ; and I endea- 
voured to perfuade myfelf, that I was about to be wit- 

nefs 
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nefs to one of 0>e moft wonderful phenomena of Na- 
ture, fuppofing that thefe molecules, which were now 
employed in increafing or diminifhing their number, or 
performing their revolutions in the glafs, would foon 
aflume the form of a new animal of which they were 
the living materials. My impatience led me to detach 
two from the mofl numerous gr'oup, imagining that this 
number might perhaps be more favourable to the ex- 
pected tnetamorphous. I was, however, miflaken. 1 heie 
1 examined with more attention than the rell ; and the 
following account is of their proceedings alone. Ijitte 
two ftrong and aftive wrcftlers, they immediately rufhed 
together, and attacked each other on every fide : fume- 
times one would dive, leaving its adveriai >' at the fur- 
face of the water ; one would dtfcribe a circular move- 
ment, while the other remained at reit in the centre ; 
their motions at length became fo rapid as no longer to 
allow me to dilthiguifh one from the other. Having 
quitted them for a fnort time, on my return I found 
them reunited as before, and amicably moving round 
the edge of the glais by their common exertions. 

Fig. reprefents a lingular animal, which has a con- 
fiderable refcmblance to a little liy.ard ; its body is of a 
firm, gelatinous coniiftence ; its head is furnifhed on 
each fide with two fmall gelatinous horns, of which the 
two hindermoft are fituate the furthelt inward: its body 
is provided with four open tan-like paws, and lome ap- 
pendages near the infertion of the tail, and terminates 
like that of a lizard ; the ridge of the back is divided 
the whole way down by a band of a deep blue ; the reft 
of the body, as well as the iufide of its paws, is of a 
bright filvery white. It appears to be very (luggifh in 
its motions ; and when difturbed by the finger, merely 
turned itfelf belly upwards, foon afterwards refuming 
its former pofition. Fig. 6. reprefents it reverfed. Mar- 
tiniere caught it during a calm at the landing place on 
the Bafhee I (lands. 

INSTITUTE is a name which lias lately been fub- 
ftituted for fchool or academy. Formerly injlhut'ion, in 
the propriety of the Englilh language, was fometimes 
ufed as a word of the fame import with in/lrufliou ; and 
now injlUnte is employed, efpecially by the admirers of 
French innovations, to denote what had hitherto been 
called an academy. When royalty was abolifiied in 
France, it would have been abfurd to continue the titles 
Royal Academy of Sciences, Royal Academy of In- 
feriptions, &c. ; but inftead of merely abolifhing the 
word royaly and fubftituting national in its Head, it oc- 
curred to the fertile brain of Condorcet, to aboblh the 
feven academies themfelves, or rather to melt them all 
down into one great academy; to which was given the 
appellation of the 

National IHSTITUTS, or Neio Academy of Arts and 
Sciences. This academy, founded on a decree of the 
new conftitution, was opened on the 7th of December 
I795> when BENEZECH, the then minifter for the home 
department, attended, and the decree of foundation was 
read; which was to the following purport : 

“ The Academy of Arts and Sciences belongs to the 
whole republic, and Paris is its place of refidence. Its 
employment is to aim at bringing all arts and fciences 
to the utmoft perfeftion of which they are capable. It 
is to notice every new attempt, and all new difeoveries, 
and to keep up a correfpondence with all foreign li- 
terary focieties. And by the particular order# of the 
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Executive Dire&ory, its firft ftudien are to be dire&ed fnftitme. 
to thoie iubjeebs which more immediately tend to the v 11 

reputation and advantage of the French republic.” 
The academy is to confift of 288 members, half of 

whom are to refide in Paris, the other hall in the de- 
partments ; and to them is to be added a certain num- 
ber of foreigners, as honorary members, confined at pre- 
fent to twenty-four. 

The academy is divided into three eludes, each claf# , 
into lettions, each lection to contain twelve members. 

ijl daft. Mathematics and natural philofophy. This 
clals is divided into ten feAions (. Mathematics. 
2. Mechanical arts. 3. Aftronomy. 4. Experimental 
philofophy. 5. Chemiftry. 6. Natural hillory. 7. Bo- 
tany. 8. Anatomy and animal hiftory. 9. Medicine 
and furgery. 10. Animal ueconomy, and the veterinary 
fcience. 

2d daft. Morality and politics. This clafs confifts 
of fix fetfions. 1. Analyfis of fenfations and ideas. 2. 
Morals. 3. Legiflature. 4. Political economy. 5. Hi- 
ftory. 6. Geography. 

31/ daft. literature and the fine arts. This clafs 
confifts of eight fedfions. 1. Univerfal grammar. 2. 
Ancient languages. 3. Poetry. 4. Antiquities, y. 

Painting. 6. Sculpture. 7. Architecture, b. Mafic. 
For each clafs a particular room in the Louvre is ap- 

propriated. No one can be a member of two dlaflFi at 
the fame time, but a member of one'clafs may be pre- 
fent at the meetings of any other. Each clafs is to 
print, yearly', an account of its tranfaftions. 

Four times a-year there are to be public meetings. 
On thefe occalions, the three clafies meet together. At 
the end of each year, they are to give a circumftantial 
account to the legiflative body of the progress made in 
that year in the arts and Iciences. The prizes given 
yearly by each clafs are to be publicly notified at certain 
times. The fums requifite for the fupport of the infti- 
tution are to be decreed yearly by the Icgiflative body, 
upon a requifition made by the Executive Dire<fto-y. 

The firft forty-eight members were chofen by th% 
Executive Diredfory, to whom the choice of the remain- 
ing members was confided. To the members, refiden- 
tiary in Paris, is referved the choice both of the depart- 
ment and the foreign members. On a vacancy in any 
clafs, three candidates are named by the clafs for the 
choice of the body at large. 

Each clafs is to have, as its place of meeting, a col- 
leftiou of the produdfs, both of nature and art, and a 
library, according to its particular wants. 

The regulations of the inftitution, with refpedl to the 
times of meeting, and its employments, are to be drawn 
up by the body at large, and laid before the legiflative 
alfembly. 

The hall in which the body at large holds its meet- 
ings, forms part of the weft wing of the Old Louvre, 
at prefent called the Mufeum. It formerly went by the 
appellation of the Hall of Antiques (Salle des Antiques) ; 
and as long as the kings inhabited this part of the pa- 
lace was occupied by their guards, from which circum- 
ftance it obtained the name of the Hal! de Cent Suifles. 
It was likewife appropriated to banquets and entertain- 
ments, given by the court on gala days ; and it was to 
this place that Henry IV. was conveyed, on his affafli- 
nation by Ravaillac, in the Rue de la Ferronnerie. 

It was built at the fame time with the reft of this 
B part 
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Inftitute. part of the Louvre, about the yean 15:28, after the de- 

fjgns of Pierre Lefcot, abbot of Clagny. It is 144 
feet in length, and 40 in breadth, and bolds from 1000 
to I2CO perfons. In order to adapt it to its new 
deftination the floor has been funk, which gives a 
greater air of lightnefs to the roof. In the centre Hands 
a double table, in the form of a horfe-fnye, fupported by 
fpbinxes, at which the members of the initiiute take 
their feats. This table is furrounded by two tiers of 
benches, which are iaifed for the accommodation of 
fpedlators, who have likewife feats provided for them in 
the vail embrafures of the windows, and at each extre- 
mity of the hall. 

Whether fcience will be advanced by the feven royal 
academies having been melted into one, time muff de- 
termine ; but candour compels us to acknowledge, that 
the proceedings of the national inflitute have hitherto 
been abundantly interefling. Intimately connected with 
the national inflitute is the French fyflem of 

National INSTRUCTION, which is likewife novel, and 
therefore fufficiently curious to deferve notice in a 
Work of this kind. When the Chriflian religion was 
abolifned in France, it was impoffible to continue the 
univerfities and other feminaries which were founded by 
Chriflians, and obliged by their conflitution to teach, 
whether pure or not, the dcdtrines of Chriflianity. 
They were accordingly all fwept away, and a new fyf- 
tem of educat ion planned, which was to be carried on in 
what they call 

The primary Schools. 
The Central Schools. 
The School of Health. 
The School of Oriental Languages. 
The Polytechnic School. 
The National Inftitute. 
The Jury of Public Inftrudtion. 
The Commiffion of Public Inflrudlion. 
The Legiflative Committee of Inftru&ion. And va- 

rious other national eflablifhments for the improvement 
of particular fciences. 

The firit degree of public inftrudfion is to be met 
with in the Ecoles Primaries, ellablifhed by a decree of 
the convention of the fecond Pluvoife, in the fecond 
year of the republic (A). Every diflridf is furnifhed 
w.ith one of thefe fchools ; the profeffors or mafters in 
which are paid from the national treafury ; and to 
wijieh every head of a family, without exception, is 
compelled by law to fend its children for inftruction. 
The fubjedts taught in thefe primary or elementary 
fchools are divided into nine clalfes : 

ijl, Inftrudfions connedted with the phyfical and mo- 
ral fituation of children, prior to their entering into 
thefe fchools. 2d, Similar inftrudtions as a guide to 
teachers in the national fchoqls. $d, The arts of read- 
ing and writing. 4^, The elements of French gram- 
mar. $th. Elements of arithmetic and geometry, with 
the theory pf the pew mepfuration. bth, The elements 
©f geography, yh, Explanations of the principal phe- 
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npmena and productions of nature. 8//J, Elements of Inftitute, 
agriculture, gth, Elements of repulican morals. w— 

Next to the primary fchools in rank and confequence 
are the Ecoles 'Centrales, which were eftablilhed by a 
decree of the Convention of the feventh Vent ofe in the 
third year. They are fituated in the capital of every 
department, bearing the proportion of one central 
fchool to 300,000 inhabitants. In thefe fchools the 
republican youths are taught the fciences, and their ap- 
plication in real life. In each of them are profelfors for 
the following branches: 

1.‘ For mathematics. 2. Experimental philofophy 
and chemiftry. 3. Natural hittory. 4. Agriculture and 
commerce^ 5. Logic and metaphyfics. 6. Political 
economy and legiflation. 7. The Philofophical hiftory 
of nations. 8. The art of healing. 9. Arts and ma- 
nufadlures. 10. Univerfal grammar. 11. The belles 
lettres. 12. The ancient languages. 13. The modem 
languages. 14.-The fine arts. 

Each central fchool is furnilhed with an extenlive 
public library—a botanic garden—a cabinet of natural 
hiftory—an apparatus for experimental philofophy—- 
and a colledlion of machines and models connedled witb 
the arts and manufactures. 

The profeflbrs of each fchool hold, every month, a 
public fitting, in which conferences are held relative to 
fubjefts connefted with the improvement of letters, the 
fciences, and the arts, which are the moft beneficial to 
fociety. 

The objeft in the eftabliftiment of the primary and 
central fchools was, the general inftruction of all claffts 
of the citizens ; and it being incompatible with the per- 
fect completion of that important pUrpofe, to expect 
from them the propagation of particular branches of 
fcience, it became neceffary to eftablifti other literary 
and fcientific academies. 

Accordingly,the French government have founded, \Jl, 
Schools of health (les ecoles de/ante), in Paris, Strafburgh,. 
and Montpelier, where medicine and furgery are ftudied; 
which fchools are affirmed, by thofe who find nothing 
wrong in France, to be the moft perfect of their kind, as 
well as new and unparalleled models for fuch inftitutions. 

id. Two fchools for Oriental languages, in the na- 
tional library, and in the college of France. 

3 The Polytechnic fchool in Paris, or central fchool 
for the direction of public works. This eftablifhment 
is very generally admired and confidered as a model for 
imitation. It contains more than 400 young perfons, 
previoufly educated in the mathematics, and the majo- 
rity of them intended for engineers in various lines; and 
they labour under the immediate direction of their tutors- 
nine hours every day. It occupies the principal part 
of the Palais de Bourlon in Paris, and is furnifhed with 
a large collection of inttruments and models The jour- 
nal of the Polytechnic fchool, which is publifhed by the 
bookfellers Regent and Bertrand at Paris, is a perfectly 
original work, and admirably calculated to convey ufe- 
ful information. 

Of 

(A) We would tranflate this chronological jargon into the language of Chriftian Europe, were we not per. 
fuadtd that the French kalendar, the French eonftitution, and the French inftitutes, will have the fame duration i- 
we truft in God not a long duration. For Pluvoife, and the other fantaftical names of months introduced into 
this article, fee REVOLUTION, Encyd, n° 184. 
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Of the national inftitute, a fufficient account has been 

given in the preceding article. We proceed therefore 
to the jury of public inftruftion (Le Jury Centrald’In- 
/fruition), of which the principal bufinefs is to fuperin- 
tend the primary and central fchools. It appoints the 
profefibrs in thefe fchools, and examines into their con- 
duit. Like the.legiflative body, it is renewed by a third 
every half year. When they have chofen a profeffor 
for a central fchool, they fubmit their choice to the de- 
partment ; and, in cafe of difapprobation, they make 
another appointment. To this jury of public inftiuc- 
tion, the profeflbrs in the central fchools are amenable 
for all mifcondu& conne&ed with their offices ; it may 
expel them, but all its decifione mull be fubmitted for 
tonfirmation to the tribunal of the department. 

There is alfo eftabliffied at Paris a fupreme council, 
called the Commiffion of Public Inftru&ion, to which 
is entrulled the whole executive department. The pre- 
fervation of the national monuments, ot public libraries, 
mufeums, cabinets, and valuable colle£lions ; the fuper- 
intendence of all the fchools and the modes of.inilruc- 
tion ; all new inventions and fcientific difeoveries ; the 
regulation of weights and measures; national ftatiftics 
and political economy, are all placed under the authori- 
ty of this fupreme commiffion. Por the commodious 
and regular execution of lo many complicated branches 
of bufinefs, there is a large office, called Le Secretariat, 
which is divided into three departments. 

i. For the regulation of the different kinds of inftruc- 
tion $ of the modes of education in the fchools ; and 
for the choice of elementary books. 2. For weights 
and fneafures ; inventions and difeoveries; libraries and 
bibliography ; mufeums, works of art, and literary re- 
wards and encouragements. 3. For theatres, national 
feaffs, republican inffitutions, and the ere&ion of mo- 
numents. 

As all public eftabliffiments require the fuperintend- 
ance and occafional corredlion of the legillature, In ad- 
dition to that of their own immediate executive autho- 
rity, it has been deemed neceffary to appoint a perma- 
nent committee of inffru£tion in the legiffative body, to 
provide fuch fums as may be neceffary for the preferva- 
tion and improvement of this fyftem of inftruftion. 
This legiflative committee are invefted with dlif autho- 
rity for thefe purpofes. Their obje&s are. precifely the 
fame as thofe of the commiffion of public inftru&ian 
above deferibed, only with this difference, that the lat- 
ter fuperintendsThe execution of exifting la^ys, whilil 
the former recives and improves them, or propofeg hew 
ones. This committee is divided into three departments, 
as is the cornmiffion, with exaftly the fame arrangement 
of their refpeftive labours. The committee being char- 
ged with the enafh’on of all new laws, its members, with 
a view to obtain accurately all the requifite information 
relative to the numerous branches of the arts, have pro- 
cured from the legiflative body the appointment of 'a 
commijfwn temporai're des arts to be annexed to them, " 
and to meet in the fame houfe with them ; which tem- 
porary commiffion is divided into fixteen claffes : viz. 
l. For Zoology ; 2. Botany ; 3. Mineralogy ; 4. Phy- 
fics; 5. Qhemiftry ; 6. Anatomy ; .7. Machinery; 8. 
Geography ; 9. Artillery and Fortification; 10. Me- 

, dais and Antiquities ; 11. Bibliography ; 12. Painting ; 
13. Architecture; 14. Sculpture; 15. Btidgcs and’ 
Caufeways ; and, 16, Mufical Inftruments. 
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The improvements of the national literary and feien- Tnftitute. 

tific eftabliihments are numerous and important. —y—— 
1/?, By a decree of the convention of the 1 \th Prai- 

rial, in the fecond year, it was enaCted that means fhould 
be adopted by which every poffible advantage might be 
derived from the botanic gardens of the republic, in 
Turkey and other foreign countries. This politic de- 
cree clearly tended to render France, in the language of 
the reporter, L’abrege de tons les climats, et Ventrepot de 
l’Europe. “ The epitome of every climate, and the maga- 
zine of Europe.” Thofe plants which thrive between 
the tropics may be cultivated in the fouth of France ; 
and thofe which are the produce of northern climates, 
may be cultivated in the northern departments ; by 
which means France will be in pofftffion of all foreign 
plants and drugs, without the exportation of fpecie. 

2d, The National Bibliogi*aphy was decreed in the 
fitting of 22d Germinal, in the fecond year. It confifts 
of a complete catalogue of books of all deferiptions, the 
property of the nation; it was then afeertained that the 
republic poffeffed more than ten millions of books. The 
titles of them were to be adjufted by aclual compari- 
fons; the manuferipts to be regiilered feparately ; ano- 
nymous productions were to be arranged according to 
their fubjedts ; and thofe of known authors in the al- 
phabetical order of the names. The feveral editions to 
be claffed according to their dates ; and what may be 
deemed more important, this French National Biblio- 
graphy will contain a dictionary of anonymous books, 
as well as thofe publiflied under fictitious names, a defi- 
deratum in the republic of letters. 

^d. The annihilation of all patois, dr dialeCts. de- 
creed in the fitting of the i6th Prairial, in the‘fecond 
year. Notwithftanding the univerfality of the French 
language, and that it was exclufively fpoken in the ma- 
jority of the inland departments, yet there exifted thirty 
various dialects in France. It is more affonithing that 
Rozier had remarked, that between’ one nelghbddring 
village and another, there was fo confiderable a differ- 
ence in the dialed, that the inhabitants could1 riol un- 
derftand each other ; and the vineffock; had thiHy dif- 
ferent names. The naturalrft Villars has ftatied, that-in 
the nomenclature of vegetables, in thC departments," lie 
had only met with an hundred which had a common ap- 
pellation. 

4//), The eftablifliment of the Confirvatoin dts Arts 
et Metiers, was decreed in the "fitting of the 8th Cf 
Vendtmtaire, fn the thifff year; ' This confifts <*f a'-fpi- 
Cious halt, in the Torni of an-amphitheatre;, and cohi- 
tains the inftruments and the models of machinery ccrn- 
neded with the arts, and a defeription of their ufes, 
with every book relating to them. Annexed to this 
eftablifnment are three expofitors and a draughtfmah, 
who explain to the ftudents the ufe of each iuffrumerft, 
and who regilber every hew difeovery, which-is p re fenc- 
ed to the Burettn de'Cbnfidtation, to tbelycdi-m of'arts, 
the cidevant academy'of fciences,' or to! the'board of 
commerce. ■ 10 M 3 ; ’ 

5/A, The eftablifliment of the board of longitude was 
decreed in the fitting of the 7th of Mejftdor, third year. 
It was certainly a difgrace under the monarchy, that as 
aftronomical and nautical'eftaiiltfHment, which bad al- 
ready proVed To beneficial to Great Britain, ftiould net 
have been adopted in France. In confequence of this 
decree, tfiC French board is now as complete as the 
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Engli/h. It confifts of ten members, and has under its 
^ jurifdiction the national obfervatory at Paris, and all the 

aftronomical inftruments belonging to the republic. It 
correfponds with foreign ailronomers ; delivers public 
ledtures on allronomy and navigation ; and its proceed- 
ings are annually recited in a public fitting. 

6/o, The general fcbool of the Oriental languages 
was eltablifhed by a decree of the 10th of Germinal, in 
the fourth year. This fchool adjoins to the national 
library, and all the books and manufcripts relative to 
Oriental literature are depolited in it. 

7/Z), The national mufeum of antiquities was decreed 
in the fitting of 20th of Pratrial, fourth year. A 
fchool of this defcription was fuccefsfully eftablifhed at 
Vienna, by Eckel; at Gottingen, by Heyne; at Leip- 
lick, by Ernell ; and even at Stralburgh, by the cele- 
brated Obeilin ; Paris was, however, without one. This 
national archeology, or fcience of antiquity, is divided 
into nine different claffes : infcriptions, charadters, fta- 
tues, las reliefs, fculptures, paintings, mofaics, medals, 
civil, religious, and military inftruments. This exten- 
ii'.e eftablilhment is under the diredtion of two prin- 
cipal profeffors ; le Gonfer'vateur Profejfeur, et le Cvnfer- 
‘vateur Bibliothecaire. The province of the former is to 
deliver public ledtures on the feveral branches of anti- 
quities, to teach the theory of medals and engravings, 
the hiflory of the arts among the ancients, &c. The 
duties of the latter are merely of a bibliographical na- 
ture. 

The new modelling of the Grand National Lib- 
rary, was decreed in the fitting of 25th Vendemiare, in 
the fourth year. By virtue of this decree, the place of 
librarian in chief was fupprefTcd, and the whole efta- 
blifhment placed under a confervatoirs of eight mem- 
bers ; of whom two were appointed for the fuperin- 
tendence of printed books ; two for manufcripts; two 
for antiquities ; and two for engravings. From thefe 
a temporary diredfor is annually chofen, who- fuperin- 
tends the whole adts occafionally as prefident of this af- 
fembly, and maintains a regular correfpondence with 
the conflituted authorities relative to the concerns of 
the library. 

oth, The augmentation of the Mufeum of Natural 
Hiitory, formerly called Le Jardin Royal des Plantes, 
This eflablifhment was decreed the 15th Brumaire, third 
year, upon a report of Thibadeau, in the name of the 
committee of Public Inflrudlion. Befides the addition 
of large rooms, and various other buildings, there are 
new colledtions of natural curiofities and produdfions ; 
and the library is much increafed. It is open to the 
public three times a week. At dated periods all the 
naturalifts in Paris deliver courfes of ledtures in the va- 
rious branches of natural hiftory. The mufeum is far’d 
to have received greater improvements from this aug- 
mentation than from all the labours of Buffon, or from 
its foundation, Cnee the time of Tournefort. 

I oth, The Ecole des Mines was eftabliihed in the Ho- 
tel des Monnaies, and has for its diredtion the naturaliil 
Le Sage. This inftitution is unrivalled in Europe ; 
and the colledtion of mineralogical curiolities furpaffes 
whatever can be conceived. 

nth, I ne fociety of natural hiftory in Paris, defer- 
vedly claffes among thofe which have rendered the 
greateft fervices to the caufe of fcience fince the revolu- 
tion. A ledture pf public mftrudtion is held every teu 
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days, which is generally given by one of the members, InCHtute. 
and which is open to all the lovers of natural hiftory. ' v~— 
Premiums are propofed for differtations ; one of which, 
by the late C. Herman, junior (whofe early deceafe was 
a great lofs to the republic of letters), on the apterous 
clafs of infedts, may be faid to conftitute an epocha in 
the annals of natural hiftory. The fociety has publifh- 
ed a volume of memoirs, in folio,,entitled, “ Tran/ac- 
tions of the Society of Natural Hiflury.” It has likewife 
eredted a ftatue to the great Linnaeus, in the national nr- 
garden of plants ; and, at the period when every public 
jnftrudtion was fufpended, gave ledlures on the different 
branches of fcience belonging to its department. Se- 
veral intelligent and Ikilful navigators, among others 
thole fent in feareh of the unfortunate La Peroufe, as 
well as thofe. which accompanied Buonaparte on his ro- 
mantic expedition to Egypt, were members of this fo- 
ciety. 

This ftatement of fadls relative to the prefent ftate of 
public inftrudtion, the fciences, the arts, and the pro- 
grefs of national literature in France, has been taken 
trom a mifcellany, of which the principal writers are 
well acquainted with what is doing in that diltradted 
country. They call it a fublime fyftem ; and feem to 
conlider the increafe of the national library, the im- 
provement of the botanic gardens, and the difeoveries 
that have been made by the different fchools or infti- 
tutes, as furnilhing a demonftration that the republican 
government is mpre favourable to the advancement of 
icience, than the monarchical, whether abfolute or li- 
mited. But it Ihould not be forgotten, that this fyftem. 
is yet in its infancy ; and that in profecuting new 
fchemes, all men, and more efpecially Frenchmen, are 
adhiated by an enthufiafm which gradually cools as their 
purfuits become familiar. We fhall therefore venture to 
predidt, that the different fchools will not difplay fuch 
ardour feven years hence as they do at prefent; and that 
if the republican government continue a dozen of years 
in France, the progrefs of fcience in that country will 
not be more rapid than it was under the monarchy. We 
muft remember, too, that the French libraries, mufe- 
ums, and pidhure galleries, have been improved by means 
which the morals of other governments do not employ 
—by rapine and robbery. 

That fomething may be learned from this fyftem to. 
improve the modes of education in other countries, we 
admit; and it is for that reafon that we have inferted 
an account of it. But if it contains fomething worthy 
of imitation, it contains likewife much to be fhunned. 
We do not think it confiftent with the rights of man to. 
compel parents to fend their children to be educated in 
particular fchools ; efpecially in fchools where not only 
religious inftrudlion is omitted, but where, there is rea- 
fon to believe, that the profeffors are at pains to raze 
all religious imprefiions from the youthful mind. In a 
nation denying the. truth of Chriftianity, it is not to be 
fuppofed that the Chriftian religion will be publicly 
taught; but in a nation of philofophers, as the French 
call themfelves, it might have been expedted that the 
laws of religious toleration would have been fo far re- 
garded, that Chriftiao parents would not have been com- 
pelled to fend their children to antichriflian fchools ! 
But it is not Chriftianity alone that is negledfed in this 

fublime fyftem of education. Though the legiflative 
body has fome time ago decreed that there is a God*. 

there 
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Infurance. there is not in any one of thofe fchools the fmalleft care 

—v—— taken to inilruft the republican youth in the principles 
even of natural religion! We might indeed have looked 
for it under the title MetapLyfics, had not the conltitu- 
tion of the National Inftitute taught us, that French 
metaphyhes attend to nothing but the analylis of fenfa- 
tions and ideas. Yet the legiflators might have hften- 
ed on this fubjedl to a republican as found as them!elves, 
and who Was bkewife no friend to fuperftition. “ Nam 
et Majorum inftituta tueri facris, ceremoniifque retinen- 
dis fapientis eft. Non folum ad religionem pertinet, 
fed etiam ad civitatis llatum, ut fine iis, qui facris pub- 
lice praefunt, rehgioni pvivatse fatisfacere non polfint. 
Cicero de Nat. Deorum. 

INSURANCE, in law and commerce, though an 
excellent inftitution, is not of high antiquity. The 

oldeft laws and regulations concerning infurance, with 
which the indefatigable Beckmann is acquainted, are 
the following : 

On the 28th of January 1523, five perfons appoint- 
ed for that purpofe drew up at Florence iome articles 
which are ftill employed on the exchange at Leghorn. 
Thefe important regulations, together with the pre- 
feribed form of policies, which may be confidered as 
the oldeft, have been inferted, in Italian and German, 
by Magens, in his Treatife on Infurance, average, and 
bottomry, publifhed at Hamburgh in 1753’ 

There is ftill preferved a flrort regulation of the 25th 
May 1537, by the Emperor Charles V. refpefting bills 
of exchange and infurance, in which the ftridlly ful- 
filling only of an agreement of infurance is command- 
ed. 

In the year 1556, Philip II. king of Spain gave to 
the Spanilh merchants certain regulations refpefting in- 
furance, which are inlerted by Magens, with a German 
tranflation, in his work before mentioned. They contain 
fome forms of policies on Ihips going to the Indies. 

In the year 1598, the Kamer von a/furantie, chamber 
of infurance, was eftablifhed at Amfterdam. An account 
of the firft regulations of this infurance office may be 
feen in Pontanus’s Hillory of the city of Amfterdam, 
and in other works. 

In the year 1600, regulations refpe&ing infurance 
were formed by the city of Middleburg in Zealand. 

It appears that the firft regulations refpeaing infu- 
rances in England, which may be feCTi in Slnderfon’s 
Hijiory of Commerce, were made in the year 1601. We 
find by them, that infurers had before that period con- 
dudled themfelves in fuch a manner, that the utmoft con- 

• fidence was repofed in their honefty, and that on this 
account few or no difputes had arifen. 

Of the various policies for infurance in England, a 
pretty accurate account will be found in the Encyclope- 
dia ; but there is one of them of which our account 
muft be acknowledged to be now defective. This is,. 

INSURANCE on Lives; which is a policy that has great- 
ly increafed, in confequence of its utility being more 
generally underftood. Of the two offices for life al- 
furances, noticed in that article, the former, entitled 
the Amicable Society, has extended the number of its 
fhares to 4000; but, as we have already obferved, the 
nature of the inftitution is too limited to become of ge- 
neral importance. The latter, entitled, the Society for 
equitable AJfurances on Lives and Survivorjhip, is un- 

3 ] INS 
doubtedly one of the moft important inftitutions of Jnfnrai 
the kind, as will appear by the following account, with r_,r 

which we have been favoured by an obliging correfpon- 
dent, and upon the accuracy of which our readers may 
depend. 

The members of the Equitable Society, finding, in 
June 1777, that their affairs were in a flourifhing fitu- 
ation, refolved to reduce their annual premiums one- 
tenth ; and in 1782 adopted new tables, agreeable to 
the probabilities of life, at Northampton, in lieu of thofe 
they had hitherto ufed, formed from the London bills 
of mortality. But though it w'as evident that the new 
tables were much better adapted for affuring promif- 
cuoufly perfons refiding in the country, or in large 
towns, it was thought proper, for greater fecurity, to 
make an addition of 15 per cent, to the real value of 
the affurances, as computed from the table of mortality 
at Northampton ; and with the view of making an ade- 
quate compenfation to the affured for their former 
payments, which had been fo much higher than would 
be required by the new rates, an addition wras made to 
their claims of L. 1, 10 s. per cent, for every premium 
they had paid. The confequence of thefe meafures 
proved highly favourable to the Society; for its bufinefs 
increafed To faft, that in 1785 it was nearly doubled; 
the fums affured amounting to upwards, of L. 720,000. 
At this period, the favourable refult of a minute and 
very laborious inveftigation of the ftate of the Society, 
induced them to take off the 15 per cent, charged 
upon the premiums in 1782, and make a further addi- 
tion to the claims of L. 1 per cent, for every payment 
made prior to the ill January 1786. A ftill greater 
increafe of fuccefsful bulinefs determined them, in 1791, 
to make another addition of L. 1 per cent, to the 
claims ; and in the following year, a further addition 
of L. 2 per cent. ; by which the claims upon affurances 
of the year 1770 w’ere more than doubled ; and thofe 
of an earlier date increafed in a fliil higher proportion. 
By thefe advantages to its members, and the honour- 
able and truly equitable manner in which the concerns 
of the Society are tranfadled, the augmentation of 
tht'ir bufmefs has been fo great, that on the 3.1ft De- 
cember 1792, the fums affured (without including- the 
additions made ,to them) amounted to upwards of 
L. 3,000,000; and on the 31ft December 1795, to 
about L. 4,000,000. 

The rates of affurance, as reduced to their real values 
in 1786, and according to which die Society now tranf- 
adt bufinefs, are as follows; 

Sum AJfured£. too. 

Age. 
15 
20 

25 
3° 
35 
40 

45 
5° 
55 
60 

65 

1 

One Vear. 
£.Q 17 11 

I 7 3 
1 To 7 

1 13 3 
i6 4 

o 8 
6 8 

15 1 

5 0 
18 1 
15 2 

Seven Ycar«. 
£.1 2 11 

1 9 5 
112 1 

1 14 11 

1 18 10 

241 
2 10 10 

308 
3120 
4 7 1 
< 10 10 

Whole Life 

^ 7 
2 3 7 
281. 
2 13 4 
2 19 IO 

3 7 II 
3 i7 11 
4 10 10 

564 
674 
7 16 9 
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Ii f rrsnce The other offices in London for the affurance of lives 

1 DM eft ?re> t^ie R°yal Exchange jJffurance, the Wejlminjler So- 
ciety, and the Pelican Life Office. 

The corporation of the Royal Exchange Affurance 
was empowered to affure lives by its fecond charter, da- 
ted 29th April 1721 ; but the original objedl of the 
Company being fea affiurances, and the true principles of 
affuring on lives being at that time little underitood, 
this branch of their bufinefs was at firll comparatively 
fmall : they generally required a premium of five or fix 
guineas per cent, without any regard to the age ; and 
the afiurance, which was ufually for a fmall fum, was 
feldom for a greater term than one year. In this man- 
ner they continued to allure upon lives till the end of 
the year 1783, when the increafing importance of this 
part of their bufinefs, which they had fome years felt, 
induced them to adopt a regular table of rates of alfu- 

'nance, according to the Northampton regiflers of mor- 
'tahty, but with a greater addition to the real values 
than had been made by the “ Society for Equitable Af* 
furances on Lives and Survivorlhip.” This was thought 
proper, from the conlideration that the affiurers with the 
Royal Exchange Company are not in any cafe liable to 

call upon them beyond the premium they engage to 
pay, and have the fecurity of the capital and funds of 
the company arifing from the other branches of their 
bufinefs; however, the company, finding themfelves 
fuccefsful in their life afiurances, determined, in 1790, 
to reduce their premiums; and in 1797 made a ftill 
greater redudlion, by which they are brought very near 
to thofe above dated. This company have agents in 
all the principal towns of Great Britain, and are im- 
powered to allure lives in all parts of the world. 

Ths Wefiminfer Society was eilablifhed in 1792, for 
affuring lives, and granting annuities. Their terms are 
nearly the fame as thofe of the Royal Exchange Affu- 
rance ; but not being a corporate body, every perfon 
affuring figns a declaration, that he accepts the joint 
ftock of the fociety as his fecurity. 

The Pelican Life Office was inflituted in 1797, by 
fome of the principal proprietors of the Phoenix Fire 
Office. The rates which they have publifhed vary con- 
fiderably from thofe of the other offices: but whether 
they are founded on more juft principles, time and ex- 
perience muff determine. This fociety alfo makes a 
new fpecies of affurance, by way of endowment for 
daughters, or for children generally, when they fliall 
attain the age of twenty-one years. 

INTEGRAL CALCULUS, in the new analyfis, is the 
reverfe of the differential calculus, and is the finding of 
the integral from a given differential; being fimilar to 
the inverfe method of fluxions, or the finding the fluent 
to a given fluxion. See FLUXIONS, Encycl. 

IN BEREST, is the allowance given for the ufe of 
money by the borrower to the lender, and is either 

fmple or compound. The method of computing both 
interefts is explained in the article ALGEBRA {Encycl.)y 
page 427* > an(l the fubjedl of Ample intereft is 
-again refumed in ARITHMETIC {Encycl.), n° 20. The 
application of the canons for the computation of com- 
pound intereft, to the value of annuities, the only cafe 
in which that intereft is allowed by the laws of this 
country, may be feen in the articles ANNUITY and 
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SURVIVORSHIP {Encycl.) ; where various tables are 
given to facilitate the different computations. Some 
of our readers, however, have expreffed a vyifh to have 
the rule for computing compound intereit fo {rated, as 
to be underftood by thoie who are unacquainted with 
algebraic fymbols. Their with may be ealily grati- 
fied. 

The general formula S =r / Rf anfwers for the amount 
of any futn, whether the intereft be payable yearly, half- 
yearly, quarterly, or daily. Let R denote the amount 
of one pound for the fii ft payment, and t the number 
of payments, the unit being from the commencement 
till the fir ft payment is due ; alio, let / denote the lo- 
garithm of any quantity before which it is wrote; then, 
from the known property of logarithms, the theorem, 
may be expreffed thus, /. S =r l.p 4- /. R X t. 

Required the amount of L. 250 at 5 per cent, com- 
pound intereft, for 1 2 years, reckoning the intereit pay- 
able yearly, half-yearly, quarterly, and daily l 

Yearly, p — 250, R = 1*05, / 1= I 2. 

0*0211893 = /. R 
12 

Interpft, 

•2542716 = /. R X* 
2-3979 p00 = l.p 

l. S zr 2-6522116 — L. 448 : 19 : 3x ^ Amount. 
250 

198 ; 19 : 3^-— Comp. Inti 

Half-yearly, p = 250, R = 1*025, t = 24. 

0*0107239 = /. R 
24 

428956 
214478 

*^573736 = A R y.t 
2’39794°0 = i'p 

/.Sr: 2-6553136 — L.452 : 3 : 7^ r: Amount. 
250 

202 : 3 : 7^ r: Intereft. 

Quarterly, / =250, R r: 1*0125, / = 48* 

O*G°5395O == /. R 

48. \ 

431600 
215800 

•2589600 = /. R Xf 
2*3979400 = l.p 

/. S = 2*6569000 — L.453 : 16 : 83 = Amount. : 

250 > 

203 : 16 : 8^ = Intereft.’ 
     a ci_> Oi 

• r.nA a: ! cieir.o ffudv. 



I N V 
Interpola- 

tion 
11 . 

Involution. 

Daily, p = 250, R = 1 ■ 

Xl"‘ 2-5623524 
2*5622929 

*0000595 = /. R 
438° 

= 365 

365 365 

47600 
1785 

2380 

*2606100 = /. R X / 
2*3979400 ;= ip. 

/. S = 2*6585500 — L.455 
250 

11:31 = Amount. 

: 3^ = Intereft. 
modern algebra, 
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INTERPOLATION, in the „ . . 

ufed for finding an intermediate term of a feries, its 
place in the feries being given. See ALGEBRA and 
SERIES, Encycl. 

The method of interpolation was firlt invented by 
Mr Briggs, and applied by him to the calculation of 
logarithms, &c. in his Arjthmetica Logatithniica, and 
his Trigonometria Britanmca ; where he explains, and 
fully applies, the method of interpolation by differences. 
His principles were followed by Reginal and Mouton 
in France, and by Cotes and others in England. Wal- 
lis made ufe of the method of interpolation in various 
parts of his works ; as his arithmetic of infinites, and 
his algebra, for quadratures. See. The fame was alfo 
happily applied by Newton in various ways : by it he 
inveiligated his binomial theorem, and quadratures of 
the circle, ellipfe, and hyperbola. See Wallis’s Algebra, 
chap. 85. &c. Newton alfo, in lemma 5. lib. 3. Prin- 
cip. gave a moft elegant folution of the problem for 
drawing a curve line through the extremities of any 
number of given ordinates; and in the fubfequent pro- 
polition, applied the folution of this problem to that of 
finding, from certain obferved places of a comet, its 
place at any given intermediate time. And Dr Wa- 
ring, who adds, that a folution ft ill more elegant, on 
fome accounts, has been fince difeovered by MelT. 
Nichol and Stirling, has alfo refohed the fame pro- 
blem, and rendered it more general, without having re- 
courfe to finding the fuccelfive differences. Phi!of. 
Tranf. vol. 69. part 1. art. 7. 
. INTERSCENDENT, in algebra, is applied to 
quantities, when the exponents of their powers are ra- 

dical quantities. Thus ^2, &c. are interfeen- 
dent quantities. 

INTERS FELLER, a word ufed by fome authors 
to exprefs thofe parts of the univerfe that are without 
and beyond the limits of our folar fyftem. 

INTRADOS, the interior and lower fide, or curve, 
of the arch of a bridge, &c. In contradiftindfion from 
the extradcs, or exterior curve, or line on the upper 
fide of the arch. See ARCH in this Suppi 

INVOLUTION and EVOLUTION, are terms intro- 
duced into geometry by the celebrated Mr Huyghens, 
to exprefs a particular manner of deferibing curvihneal 
{paces which occurred to him when occupied in the ini- 

,5 v] I N V 
provement of his noble invention of pendulum clocks. Involution- 
Although he was even aftonifhed at the accuracy of ^ 
their motion, and they foon fuperfeded all balance 
clocks, he knew that the wide vibrations were fome- 
what flower than the narrow ones, and that a circle was 
not fufficiently incurvated at the Tides to render all the 
vibrations ifochronous. The proper curve for this pur- 
pofe became an interefting objedf. By a moft accurate 
inveftigation of the motions of heavy bodies in curved 
paths, he difeovered that the cycloid was the line, re- 
quired. Lord Brouncker had difeovered the fame thing, 
as alfo Dr Wallis. But we do not imagine that Huy- 
ghens knew of this ; at any rate, he has the full claim 
to the difeovery of the way of making a pendulum of- 
cillate in a cycloidal arch. It eafily occurred to him, 
that if the thread by which the pendulum hangs be fuf- 
pended between two curved cheeks, it would alternate- 
ly lap on each of them in its vibrations, and would 
thus be raifed out of the circle which it deferibes when 
fufpended from a point. But the difficulty was to find 
the proper form of thefe cheeks. Mr Huyghens was 
a moft excellent geometer, and was pofiefled of methods 
unknown to others, by which he got over almoft every 
difficulty. In the prefent cafe there was fortunately no 
difficulty, the means of folution offering them!elves al- 
moft without thought. He almoft immediately difeo- 
vered that the curve in queftion was the fame cycloid. 
That is, he found, that while a thread unwinds from an 
arch of a cycloid, beginning at the vertex, its extremity 
c^eferibes the complementary arch of an equal cycloid. 

’ Thus he added to this curve, already fo remarkable 
for its geometrical properties, another no lefs curious, 
and infinitely exceeding all the others in importance. 

The fteps by which this property was difeovered are 
fuch direft emanations from general principles, that 
they* immediately excited the mind of Mr Huyghens, 
which delighted in geometry, to profecute this method 
of deferibing or transforming curve lines by evolution. 
It is furprifing that it had not ere this time occurred to 
the ancient geometers of the laft century,and particularly 
to Dr Barrow, v/ho feems to have racked his fancy for 
almoft every kind of motion by which curve lines can 
be generated. Evolution ot a thread trom a cui\e is a 
much more obvious and conceivable genelis than that of 
the cycloid invented by Merfennus, or that of the 
conchoid bv Nicodemes, or thofe of the conic fec- 
tions by Vieta. But except fome vague expreffions, 
by Ptolemy and Gaffendus, about defciibing ipirals- 
by a thread unlapped from a. cylinder, we do not re- 
collecf any thing of the kind among the writings of 
the mathematicians ; and it is to Huyghens aionc that 
we are indebted for this very* beautiful and,important 
branch of geometry. It well deferves both.of thefe epi- 
thets. The theorems which conftitute the do&rines oF 
evolution are remarkable for their perfpicuity and neat- 
nefs. Nothing has fo much contributed to give us clear 
notions of a very* delicate iubje£t of mathematical dif— 
cuffion, namely curvature, and the meafure and varia- 
tions of curvature.. It had become the. fubjett of very 
keen debate and the notions entertained of it were by 
no means diftind. But nothing can give fuch a pre- 
cife conception of the difference of curvature, in the 
different parts of a cycloid or other curve, as the behold- 
incr its defeription by a radius continually varying in 
le-ngth. This doftrine is peculiarly valuable to the ipe- 

eulatov 
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involution, culator m the higher mechanics. The intenfity of a de- 
l"l,"'r "v" flcdling force is ellimated by the curvature which it in- 

duces on any reftilfueal motion ; and the variations of 
this intenlky, which is the charadferiflic of the force, 
or what we call its nature, is inferred from the varia- 
tions of this curvature. The evolution and involution 
of curve lines have therefore great claim to our atten- 
tion. But a Work like ours can only propofe to exhi- 
bit an outline of the fubjedt; and we mult refer our rea- 
ders to thole eminent authors who have treated it in 
detail. Varignon, in the Memoirs of the French Aca- 
demy for 1706, has been at immenfe pains to prefent it 
in every form ; James Bernoulli has alfo treated the 
fubjeft in a very general and fyHematic manner. Some 
account is given of it in every treatife of fluxions. We 
recommend the original work of Mr Huyghens in par- 
ticular ; and do not helkate to fay, that it is the finefl 
fpecimen (of its extent) of phyfico-mathematical dif- 
cuffion that has ever appeared. Huyghens was the moft 
elegant of all modern geometers; and both in the geo- 
metrical and phyfical part of this work, De Horologia Of- 
cillatorio, he has preferved the utmofl rigour of dermjn- 
llration, without taking one ftep in which Euclid or 
Apollonius would not have followed him. 

Atque havrire. 
• javat integros accedere fontes 

xxxr. 

Such authors form the tafte of the young mathema- 
tician, and help to preferve him from the almoft mecha- 
nical procedure of the expert fymbolical analyll, who 
arrives at his concluiion without knowing how he gets 
thither, or having any notions at all of the magnitudes 
of which he is treating. 

There are two principal problems in his dodhine. 
I. To afcertain the nature of the figure generated by 

the evolution oi a given curve. 
II. To determine the nature of the curve by vvhofe 

evolution a given curve may be generated.—We lhall 
conlider each of thefe in order, and then take the op- 
portunity which this fubjedt gives of explaining a little 
the abftrufe nature of curvature, and its meafures and 
variations, and take notice of the opinions of mathema- 
ticians about the precife nature of the angle of contadf. 

The curve line ABCDEF (fig. 1.) may be confider- 
afe ed as the edge of a crooked ruler or mould ; a thread 

may be fuppofed attached to it at F, and then lapped 
along it from F to A. If the thread be now led away 
from A, keeping it always tight, it is plain that the ex- 
tremity A mufl deferibe a curve line K. b c d e f, and 
that the detached parts of the thread will always he 
tangents to the curve ABCDEF. In like manner will 
the curve line F d’ c' b' A! be deferibed by keeping the 
thread fall at A, and unlapping it from the other end 
of the mould. 

This procefs was called by Mr Huyghens the EVO- 

LUTION of the curve ADF. ADF is called the Evo- 
LUTE. A df was named by him the CURVE BY EVO- 

LUTION. It has been fince more briefly termed the 
EVOLUTRIX, or unlapper. It has alfo been called the 
INVOLUTE; becaufe, by performing the procefs in the 
oppofite dire&ion f d A, the thread is lapped up on 
the mould, and the whole fpace ADF/J A is folded 
np like a fan. The detached parts C c, D or C c', 
D d', See. of the thread, are called RADII OF THE EVO- 

LUTE j perhaps withfome impropriety, becaufe they ra- 
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ther refemble the momentary radii of the evelutm.^whitfon. 
We may name them the EVOLVED RADII. The be. —v——' 
ginning A of evolution may be conlklered as the vertex 
of the curves, and the ends F and/ may be called the 
TERMS. 

There is another way in which this defeription of 
curve lines may be conceived. Inftead of a thread F/ 
gradually lapped up on the mould, we may conceive 
F/ to be a flraight edged ruler applied to the mould, 
and gradually rolled along it without Aiding, fo as to 
touch it in fucceflion in all its points. It is evident, 
that by this procefs the point / will deferibe the curve 
/d A, while the point F deferibes the other curve Fd a . 
This way of conceiving it gives a great extenfion to the 
dodtrine, atid homologates it with that genefis of curve 
lines by which cycloids of all kinds are deferibed, and 
which we may diftinguifli by the name of PROVOLU- 

TION. For it is plain that the relative motions of the 
points A and b are the fame, whether the ruler bF> b1 roll 
on the mould ABF, or the mould roll on the ruler; 
but thei'e will be a great difterence in the form of the 
line traced by the deferibing point, if we fuppofe the 
plane on which it is traced to be attached to the rol- 
ling figure. Thus, when a circle rolls on a ftraigbt 
line, a point in its circumference traces a cycloid on the 
plane attached to the flraight line, while the point of 
the flraight line which quitted the circle deferibes on 
the plane attached to the circle another line; namely, 
the involute of the circle. This mode of defetiption al- 
lows us to employ a curved ruler in place of the flraight 
one b F> b' and thus gives a vaft extenfion to the the- 
ory. But at prefent we fhall confine ourfelves to the 
employment of the ftraight line b B b\ only keeping in 
mind, that there is an intimate connediion between the 
lines of evolution and of provolution. 

By the defeription now given of this procefs of evo- 
lution and involution, it is plain, 

1. That the evolution is always made from the con- 
vex fide of the evolute. * 

2. That the evolved radii B C c, D d, See. are re- 
fpe&ively equal to the arches BA, CA, DA, See. of the. 
evolute which they have quitted; and that b B b', c C c\ 
d D d’. Sec. are always equal to the whole arch ADF. 

3. That any point B of the lapped up thread de- 
feribes during its evolution a curve line B >• ? pa- 
rallel to b c d e f; becaufe thefe curves are always equi- 
diftant from each other. 

4. That if the thread extend beyond the mould as a 
tangent to it, the extremity “ will deferibe a parallel or 
equidiftant curve * P> y $ t p, lying without A b c d e f. 
From this it appears that B T' ‘i's p is the" complete evo- 
lutrix of FEDCB, while b d c ef is the evolutrix of that 
£rch, and the added tangent B b. In like manner, the 
lapped up thread ADF, with tiie added part F de- 
feribes the evolutrix dl' <?' y' ft A'. 

5. If from any point C of the evolute there be drawn 
lines C C c, C c/, C e, &c. to the evolutrix, thofc 
which are more remote from the vertex are greater than 
thofe which are nearer. Draw B b, c C, d ~D> e E, 
touching the evolute. C b k lefs than CB + B £; 
that is (2), than C c. Again, DC -J- C c is equal to 
D d, which is lefs than DC + C d. Therefore C c is 
lefs than C d. Now let C e cut D d in r. Then e r 
-f- r DE is greater than e E. But e E is equal to d r 
-j- r DE. Therefore f r is greater than d r; and e r df 
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'InvMution. r C i* greater than </r + rC, which 18 greater than 

'-V—-'f C. Therefore f C is greater than c C. 
6. Hence it follows, that a circle defcribed round 

any point of the evolute, with a radius reaching to any 
point of the evolutrix, will cut the evolutrix in that 
point, and be wholly within it on the fide remote from 
the vertex, and without it on the fide next the vertex. 

7. The evolved radius cuts every arch of the evolu- 
trix perpendicularly, or a right line drawn through the 
interfedion at right angles touches the evolutrix m 
that point. Through any point d draw the line m dt 
at right angles to d D. The part of \t m d next to the 
vertex is wholly without the curve, becaufe it is with- 
out the circle defcnbed round the centre 13 ; and this 
circle is without the evolutrix on that fide of d which is 
next the vertex (6). Any point t on the other fide of 
d is alfo without the curve. 1'or let be another 
evolved radius, cutting D ^ in « : then n d is lefs than 
nt, becaufe n dt is a right angle by conllrudion ; and 
therefore n t d is acute. But becaufe E « + « D are 
greater than ED, E n + « ^ are greater than ED -4- 
D d, that is, than ~Ec, and nd is greater than n e. There- 
fore, fince it is lefs than n ty it follows that ne is much 
lefs than n t, and t lies without the curve. Therefore 
the whole line m d t is without the curve, except in tae 
point d. It therefore touches the curve in d, and the 
radius D d cuts it at right angles in that point. By the 
fame reafoning, it is demonifrated that all the cuives 
Abdf, cent?, A' l'd' f, a' &' S' A are cut perpendicu- 
larly by the tangents to the evolute. Alio ail theie curves 
interfer'd the evolute at right angles in their vertexes. 

It follows from this propofition, that from every 
point, fuch as J, or i, or 0, &c. in the fpace AOF com- 
prehended by the evolute and its extreme tangents AO, 
FO, two perpendiculars may be drawn to the evolu- 
trix Adf\ and that from any point in the fpace with- 
in the angle Ao/only one perpendicular can be drawn; 
and that no perpendicular can be drawn from any point 
on the other fide of ADF. Apollonius had oblerved 
thefe circumftances in the conic fedions, but had not 
thought of marking the boundary formed by the evo- 
lute ADF. Had he noticed this, he would certainly 
have difeovered the whole theory of evolution, and its 
importance in fpeculative geometry. 

It alfo follows from this propofition, that if a curve 
Abe defis cut by the tangents of ABCDEF at right 
angles in every point, it will be defcribed by the evolu- 
tion of that curve : For if the evolutrix, whofe vertex 
is A, be really defcribed, it will coincide with Abed 
in A, and have the fame tangent; it therefore does not 
deviate from it, otherwife their tangents would feparate, 
and would not both be at right angles with the lines 
touching the evolute. 1 hey muft therefore coincide 
throughout. 

8. The arches bed and /J y intercepted by fome 
radii B b and D J, may be called concentric ; and the 
angles contained between the tangents drawn through 
their extremities are equal. Thus the angle x * o is 
equal to lpo\ but although equidiftant, parallel, and 
containing the fame angle between their tangents and 
between their radii, they are not fimilar. Thus, the 
arch * A has a curvature at “ that is the fame with that 
of any circle whofe radius is equal to A“ ; but the cui- 
vature at A is incomparable with it, and unmeafurable. 
The fame may be faid of the curvatures at p and at B. 

SUPPL. Voi. II» Part I. 
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9. If a circle u dz, be defcribed round the centre D Involution, 

with the radius D d, it both touches and cuts the evo- * 
lutrix in the point d, and no circle can be defcribed 
touching the curve in that point, and palling between 
it and the circle u d z.: For fince it touches the curve 
in </, its centre muft be fomewhere in the line d D per- 
pendicular to m dt. It cannot be in any point n more 
remote from d than D is ; for it would pafs without the 
arch du, and be more remote than du from the arch dc 
of the evolutrix. On the other fide, it would indeed 
pafs without the arch d z, which lies within the arch 
de of the evolutrix : but it would alfo pafs without 
the curve. For it has been already demonftrated (7) 
that nd is greater than n e ; and the curve would lie 
between it and the circle d z. 

Thus it appears, that a circle defcribed with the e- 
volved radius approaches nearer to the curve, or touches 
it more clofely, than any other circle ; all other circles 
either interfea it in meafurable angles, or are within or 
without the curve on both fides of the point of contact. 
This circle udz has therefore the fame curvature with 
the curve in the point of contaft and coalefcence. It 
is the EQUICURVE CIRCLE, the circle of equal curvature, 
the OSCULATING CIRCLE (a name given it by Leibnitz). 
The evolved radius of the evolute is the RADIUS OF 

CURVATURE of the evolutrix, and the point of the evo- 
lute is the CENTRE OF CURVATURE at the point ot con- 
tad with the evolutrix. The evolute is the geometrical 
locus of all the centres of curvature of the evolutrix. 

This is the moft important circumftance of the wdiole 
dodrine of the involution and evolution of curve lines. 
It is affumed as a felf evident truth by the precipitant 
writers of elements. It is indeed very like tiuth: lor 
the extremity of the thread is a momentary radius du- 
ring the procefs of evolution ; and any minute aich of 
the evolute nearer the vertex muft be conceived as more 
incurvated than the arch at the point of contad, be- 
caufe defcribed with fhorter radii: for the fame reafoft, 
all beyond the contad muft be lefs incurvated, by rea- 
fon of the greater radii. The curvature at the contad 
muft be neither greater nor lefs than that of the circle. 
But we thought it better to follow the example of 
Huyghens, and to eftablifh this leading propofition on 
the ftrideft geometrical reafoning, acknowledging the 
fingular obligation which mathematicians are under to 
him for giving them fo palpable a method of fixing their 
notions on this fubjed. When the evolute of a curve 
is given, we have not only a clear view of the genefis of 
the curve, wuth a neat and accurate mechanical method 
of deferibing it, but alfo a diftind comprebenfion of the 
whole curvature, and a conneded view of its gradual 
variations. 

We fpeak of curvature that is greater and lefter; and 
every perfon has a general knowledge or conception of 
the difference, and will fay that an ellipfis is more 
curve at the extremities of the tranfverfe axis than any 
where elfe. But before we can inftitute a comparifon 
between them with a precifidn that leads to any thing, 
we muft agree about a meafure of curvature, and fay 
what it is we mean by a double or a triple curvature. 
Now there are two ways in which we may confider 
curvature, or a want of reditude : We may call that 
a double curvature which, in a given fpace, carries us 
twice as far from the ftraight line ; or we may call that 
a double curvature by which we deviate twice as much 

C from 
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lution.from the fame direftion. Both of thefe meafures have 

been adopted ; and if we would rigidly adhere to them, 
there would be no room for complaint: but mathemati- 
cians have not been fteady in this refpedl, and by mixing 
and confounding thefe meaiures, nave frequently puzzled 
their readers. All agree, however, in their firft and 
fimple meafures of curvature, and fay that the curva- 
ture of an arch of a circle is as the arch diredtly, and 
as the radius inverfely. This is plainly meafuring cur- 
vature by the defledlion from the firft direction. In an 
arch of an inch long, there is twice as much defle&ion 
from the firft direftion when the radius of the circle is 
of half the length. If the radius is about 573th inches, 
an arch of one inch in length produces a final dire A ion 
one degree different from the firft. If the radius is i iqi- 
inches, the deviation is but half of a degree. The linear 
deflection from the ftraight path is alfo one half. In 
the cafe of circles, therefore, both meafures agree : but 
in by far the greateil number of cafes they may differ 
exceedingly, and the changes of dire&ion may be great- 
eft when the linear deviation is leaft. Flexure, or 
change of dire&ion, is, in general, the moft fenfiblc and 
the moll important character of curvature, and is un- 
derftood to he its criterion in all cafes. But our pro- 
ceffes for difcovering its quantity are generally by firft 
difcovering the linear deviation ; and, in many cafes, 
particularly in our philofophical inquiries, this linear 
deviation is our principal objeft. Hence it has hap- 
pened, that the mathematician has frequently flopped 
fhort at this refult, and has adapted his theorems chief- 
ly to this determination. Thefe differences of objeA 
have caufed great confufion in the methods of confider- 
ing curvature, and led to many difputes about its na- 
ture, and about the angle of contaA; to which dif- 
putes there will be no end, till mathematicians have a- 
greed in their manner of expreffing the meafures of 
curvature. At prefent we abide by the meafure al- 
ready given, and we mean to exprefs by curvature or 
flexure the change of direction. 

This being premifed, we obferve, that the curvature 
of all thefe curves of evolution where they feparate 
from their evolutes, is incomparable with the curvature 
in any other place. In this point the radius has no 
magnitude ; and therefore the curvature is faid to be 
infinitely great. On the other hand, if the evolved 
curve has an afymptote, the curvature of the evolutrix 
of the adjacent branch is faid to be infinitely fmall. 
Thefe expreffions becoming familiar, have occafioned 
fome very intricate queflions and erroneous notions. 
There can be little doubt of their impropriety : For 
when we fay, that the curvature at A is infinitely great- 
er than at «, we do not recolleA that the flexure of the 
whole arch A £ is equal to that of the whole arch « P, 
and the flexure at A muft either make a part of the 
whole flexure, or it muft be fomething difparate. 

The evolutrix Abcdef^hg. 2 ) of the common e- 
quilateral hyperbola exhibits every poffible magnitude of 
curvature in a very fmall fpace. At the vertex A of the 
hyperbola it is perpendicular to the curve; and there- 
fore has the tranfverfe axis A ? A" for its tangent. The 
curvature of the evolutrix at A is called infinitely great. 
As the thread unlaps from the branch ABC, its extre- 
mity defcribes Abe. It is plain that the evolutrix 
muft cut the affymptote p H at right angles in fome 
point G, where the curvature will be what is called in- 

finitely fmall; becaufe the centre of curvature has re- In 
moved to an infinite diftance along the branch AF of 
the hyperbola. This evolutrix may be continued to 
the vertex of the hyperbola on the other fide of the af- 
fymptote, by caufing the thread to lap upon it, in the 
fame way that Mr Huyghens completed his cycloidal 
ofcillation. Or we may form another evolutrix a fry U p 
v'S'frf A'1, by lengthening the thread from G to ?, the 
centre of the hyperbola, and fuppofing that, as foon as 
the curve'A J p is completed, by unlapping the thread 
from the branch ABC, another thread laps upon the 
hyperbola A" F". This laft is confidered as a more ge- 
ometrical revolution than the other : For the mathema- 
ticians, extending the do&rine of evolution beyond Mr 
Fluyghens’s reftritlion to curves which had their con- 
vexity turned one way, have agreed to confider as one 
continued evolution whatever will complete the curve 
expreffed by one equation. Now the fame equation 
expreffes both the curves AF and A'F", which oc- 
cupy the fame axis AA". The cycloid employed by 
Huyghens is, in like manner, but one continuous curve, 
deferibed by the continued provolution of the circle 
along the flraight line, although it appears as two 
branches of a repeated curve. We (hall meet with many 
inftances of this fetmingly compounded evolution when 
treating of the fecond queftion. 

Since the arch Ab d G contains every magnitude of 
curvature, it appears that every kind of curvature may 
be produced by evolution. We can have no conception 
of a flexure that is greater than what we fee at A, or 
lefs than what tve fee at G ; yet there are cafes which 
feem to fhew the contrary, and are familiarly faid, by 
the greatefl mathematicians, to exhibit curvatures infi- 
nitely fmaller ftill. Thus, let ABC (fig. 3 ) be a co- 
nical parabola, whole parameter is AP. Let AEF be 
a cubical parabola, whofe parameter is AQ^_ If we 
make AQ_to AD as the cube of AP to the cube of 
AQ_, the two parabolas will interfeA each otlier in the 
ordinate DB. For, making AP =: p, and AQ^— W 
and calling the ordinate of the conic parabola y, that 
of the cubic parabola z, and the indeterminate abfeiffa 
AD x, we have 

p* : g3 =. g : x, ~ q3 : ad, and p : q — q : 2. ; 
but q : p — g \ p-y therefore, by compofition, 

P* q3 — q*: p x — q2 •. y2, and p \ q — q \ y \ 
therefore % zz y, and the parabolas interfefl in B. 

Now, becaufe in all parabolas the ordinates drawn at 
the extremity of the parameters are equal to the para- 
meters, the interfedlions q and p will be in a line Aqp, 
which makes half a right angle with the axis AP. 
Therefore, when AQ^is ‘greater than AP, the point q 
is without the conical parabola, and the whole arch of . 
the cubical parabola cut off by the ordinate DB is alio 
without it ; but when AQ^is lefs than AP, q is within 
the conical parabola, as is alfo the arch q B. There- 
fore the remaining arch BEA is without it, and is 
therefore lefs incurvated at A. An endlefs number of 
conical parabolas of fmaller curvature may be drawn by 
enlarging AP ; yet there will ftill be an arch AEB of 
the cubical parabola which is without it, and therefore 
lefs incurvated. Therefore the curvature of a cubical 
parabola of lefs than that of any conical parabola : It 
is faid to be infinitely lefs, becaufe an infinity of cubical 
parabolas offmaller curvature than AEB may be drawn 
by enlarging * 
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Involution. It may be demonftrated In the fame manner, that a 

-v 1 paraboloid, whofe ordinates are in the fubbiquadrate ra- 
tio of the abfciflae, has an infinitely fmalier curvature at 
the vertex than the cubical parabola. And the curva- 
ture of the paraboloid of the next degree is infinitely 
lefs than this ; and fo on continually. Nay, bir Ifaac 
Newton, who firft took notice of this remarkable cir- 
cumftance, demonftrates the fame thing of an endlefs 
fuccefiion of paraboloids interpofed between any two de- 
grees of this feries. Neque novit (fays he) natura limi- 
tem. 

If this be the cafe, all curves cannot be defcribed by 
evolution ; for we have no conception of a radius of 
curvature that is greater than a line without limit. The 
theory of curvilineal motions delivered in the article 

^ DYNAMICS mull be imperfect, or there muft be curve 
lines which bodies cannot defcribe by any powers of 
nature. The theory there delivered profefies to teach 
how a body can be made to defcribe the cubical para- 
bola, and many other curves which have thefe infinite- 
fitnal curvatures; and yet its demonftrations employ 
the radius of curvature, and cannot proceed without it. 
We profefs ourfelves obliged to an attentive reader 
(who has not favoured us with his name) for making 
tin's obfervation. It merits attention. 

There muft be fome paralogifm or mifconception in 
all this language of the mathematicians. It does not 
neceflarily follow from the arch AEB lying without 
the arch A IB, that it is lefs incurvated at A ; it may 
be more incurvated between A and B. Accordingly 
we fee, that the tangent BT of the conical parabola is 
lefs inclined to the common tangent AV than the tan- 
gent B t of the cubical parabola is ; and therefore the 
flexure of the whole arch AEB is greater than that of 
the whole arch AIB ; and we fhall fee afterwards, that 
there is a part of AEB that is more incurvated than 
any part of AIB. There is nothing correfponding to 
this unmeaning and inconceivable fucceflion of feriefes of 
magnitudes of one kind, each of which contains an end- 
lefs variety of individuals, and the greateft of one feries 
infinitely lefs than the fmalleft of the next, &c.; there is 
nothing like this demonftrated by all our arguments. 
In none of thefe do we ever treat of the curvature at 
A, but of a curvature which is not at A. At A we 
have none of the lines which are indifpenfably neceflary 
for the demonftration. Belides, in the very fame man- 
ner that we can defcribe a cubical parabola, and prove 
that it has an arch lying without the conical parabola, 
we can defcribe a circle, and demonftrate that it has al- 
fo an arch lying without the parabola. Thefe infinite- 
fimal curvatures, therefore, are not warranted by our 
arguments, nor does it yet appear that there are curves 
which cannot be defcribed by evolution. We are al- 
ways puzzled when we fpeak of infinites and infinitefi- 
mals as of fomething precife and determinate ; whereas 
the veryr denomination precludes all determination. We 
take the diftinguiftiing circumftance of thofe different 
orders for a thing clearly underftood; for we build 
much on the diftinftion. We conceive the curvature 
of the cubical parabola as verging on that of the com- 
mon parabola, and the one feries of curvatures as be- 
ginning where the other ends. But Newton has {hewn, 
that between thefe two feriefes an endlefs number of fi- 
milar fenefes may be interpofed. The very names gU 
xen to the curvature at the extremities'of the hyperbu- 
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lie evolutrix have no conceptions annexed to them. A t 
the vertex of the hyperbola there is no line, and at the ' 
interfe&ion with the affymptote there is no curvature. 
Thefe unguarded expreffions, therefore, fhould not make 
us doubt whether all curves may be defcribed by evo- 
lution. If a line be incurvated, it is not ftraight. If 
fo, two perpendiculars to it muft diverge on one fide, 
and muft converge and meet on the other in fome point. 
This point will lie between two other points, in which 
the two perpendiculars touch that curve by the evolu- 
tion, of which the given arch of the curve may be de- 
fcribed. Finally (which fhould decide the queftion), 
we {hall fee by and bye, that the cubic, and all higher 
orders of paraboloids, may be fo defcribed by evolution 
from curves having affymptotic branches of determi- 
nable forms. 

Such are the general affedfions of lines generated by- 
evolution. They are not, properly fpeaking, peculiar 
properties; for the evolutrixes nay be any curve lines 
whatever. They only ferve to mark the mutual relations 
of the evolutes with their evolutrixes, and enable us to 
confttudl the one, and to difeover its properties by 
means of our knowledge of the other. We proceed to 
{hew how the properties of the evolutrix may be deter- 
mined by our knowledge of the evolute. 

This problem will not long occupy attention, being 
much limited by the conditions. One of the firft is, 
that the length of the thread evolved muft be known in 
every politicn : Therefore the length of the evolvfed 
arch muft, in like manner, be known ; and this, not 
only in toto, but every portion of it. Now this is not 
univerfally, or even generally the cafe. The length of 
a circular, parabolic, hyperbolic, arch has not yet been 
determined by any finite equation, or geometrical con- 
ftrudtion. Therefore their evolutrixes canhot be deter- 
mined otherwife than by approximation,, or by compa- 
nion with other magnitudes equally undetermined. Yet 
it fometimes happens, that a curve is difeovered to 
evolve into another of known properties, although we 
have not previoufly difeovered the length of the evolved 
arch. Such a difeovery evidently brings along wit'll it 
the redtification of the evolute. Of this we have ah m- 
ftance in the very evolution which gave occafion to the 
whole of this dq&rine ; namely, that of the cycloid ; 
which we {hall therefore take as cur fhft exampl?. 

Let ABC (fig. ij.) be a cycloid, of which AD is 
the axis, and AHD the generating circle, and AG a 
tangent to the cycloid at A, and equal to DC. Let 
BKE touch the cycloid in B, and cut AG in K. ^ It 

quired to find the'fituation of that point of the ftnr 
which had unfolded, from A ? 

Involution, 

is re 
BE   ^ 

Draw BH parallel to the bafe DC of the cycloid, 
cutting the generating circle in H, and join HA.. De- 
fcribe a circle 1CEM equal to the generating circle 
AHD, touching AG in Fy and cutting BK in fome 
point E. It is known, by the properties of the cycloid, 
that Blv is equal and parallel to HA, and that BH is 
equal to the arch A/' H. Becaufe the circles AHD 
and KEM are equal, and the angles HAK and AKE 
are equal, the chords AH and KE cut off equal arches, 
and are themfelves equal. Becaufe BHAK is a paral- 
lelogram;, AIv.is'equal to HB ; that is, to the arch 
A //H, that is, to the arch K m E. But if the circle 
KEM had been placed on A, and bad rolled from A 
to K, the arch difengaged would have been equal ta 

C 2 AE, 
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Involution. AK, and the point which was in contact w ith A would arch E ^ 

now be jn {n the circumference of a cycloid AEF, 
equal to CBA, having the line AG, equal and parallel 
to DC, for its bafe, and GF, equal and parallel to DA, 
for its axis. And if the diameter KM be drawn, and 
EM be joined, EM touches the cycloid AEF. 

Cor. The arch BA of the cycloid is equal to twice 
the parallel chord HA of the generating circle : For 
this arch is equal to the evolved line BKE ; and it has 
been fhewn that EK is equal to KB, and BE is there- 
fore equal to twice BK, or to twice HA. This pro- 
perty had indeed been demonftrated before by SirChri- 
ftopher Wren, quite independent of the doftrine of evo- 
lution ; but it is given here as a legitimate refult of 
this dodfrine, and an example of the ufe which may be 
made of it. Whenever a curve can be evolved into an- 
other which is fufceptible of accurate determination, 
the arch of the evolved curve is determined in length ; 
for it always makes a part of the thread whofe extremi- 
ty defcribes the evolutrix, and its length is found by 
taking from the whole length of the thread that part 
which only touches the curve at its vertex. 

This genefis of the cycloid AEF, by evolution of 
the cycloid ABC, alfo gives the moft palpable and fa- 
tisfadlory determination of the area of the cycloid. For 
fince BE is always parallel to AH, AH will fweep 
over the whole furface of the femicircle A HD, while 
BE fvveeps over the whole fpace CBAEF ; and fince 
BE is always double of the limultaneous AH, the 
fpace CBAEF is quadruple of the femicircle AE1D. 
But the fpace defcribed in any moment by BK is alfo 
one-fourth part of that defcribed by BE. Therefore 
the area GAEF is three times the femicircle AHD ; 
and the fpace DHABC is double of it ; and the fpace 
CBAG is equal to it. 

Sir Ifaac Newton has extended this remarkable pro- 
perty of evolving into another curve of the fame kind 
to the whole clafs of epicycloids, that is, cycloids form- 
ed by a point in the circumference of a circle, while 
the circle rolls on the circumference of another circle, 
either on the convex or concave fide ; and he has de- 
monftrated, that they alfo may all be redfified, and a 
fpace affigned which is equal to their area (See Princi- 
pia, B. I. prop. 48. &c.) He demonllrates, that the 
whole arch is to four times the diameter of the gene- 
rating circle as the radius of the bafe is to the futn or 
difference of thofe of the bafe and the generating circle. 
We recommend thefe propofitions to the attention of 
the young reader w'ho wilhes to form a good tafte in 
mathematical refearches ; he will there fee the geome- 
trical principles of evolution elegantly exemplified. 

We may juft obferve, before quitting this clafs of 
curves, that many writers, even of fome eminence, in 
their compilations of elements, give a very faulty proof 
of the pofition of the tangent of a curve defcribed by 
rolling. They fay, for example, that the tangent of 
the cycloid at E is perpendicular to KE ; becaufe the 
line KE is, at the moment of defcription, turning 
round K as a momentary centre. This, to be fure, 
greatly fiiortens inveftigation ; and the inference is a 
truth, not only when the rolling figure is a circle roll- 
ing on a ftraight line, but even when any one figure 
rolls on another. Every point of the rolling figure real- 
ly begins to move perpendicularly to the line joining 
it with the point of contadt. But this genefis of the 
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by the evolution of the arch B fhews that Involution*- 

K is by no means the centre of motion, nor HK the i—v—1 

radius of curvature. Nor is it, in the cafe of epicy- 
cloids, trochoids, and many curves of this kind, a veiy 
eafy matter to find the momentary centre. The circle 
KEM is both advancing and turning round its centre ; 
and thefe two motions are equal, becaufe the circle does 
not Aide but roll, the detached arch being always equal 
to the portion of the bafe which it quits. Therefore, 
drawing the tangents E^, M^-, and completing the pa- 
rallelogram Y,fN[g> E / will reprefent the progref* 
five motion of the centre, and £,§■ the motion of rota- 
tion. EM, the motion compounded of thefe, mult be 
perpendicular to the chord EK. 

The inveftigation that we have given of the evolutrix 
of the cycloid has been fomewhat peculiar, being that 
which offered itfelf to Mr Huyghens at the time when 
he and many other eminent mathematicians were much 
occupied with the lingular properties of this curve. It 
does not ferve, however, fo well for exemplifying the 
general procefs. For this purpofe, it is proper to avail 
ourfelves of all that we know of the cycloid, and parti- 
cularlyr the equality of its arch BA to the double of the 
parallel chord HA. This being known, nothing can 
be more fimple than the determination of the evolutrix, 
either by availing ourfelves of every property of the cy- 
cloid, or byr adhering to the general procefs of referring 
every point to an abfciffa by means of perpendicular or- 
dinates. In the firft method, knowing that BE is. 
double of BK, and therefore KE equal to HA, and 
KA = BH, ~ H .4 A, = K m E, we find E to be the 
defcribing point of the circle, which has rolled from A 
to K. In the other method, we mult draw EN per- 
pendicular to AG ; then, becaufe the point E moves, 
during evolution, at right angles to BE, EK is the 
normal to the curve defcribed, and NK the fubnormal,. 
and is equal to the correfponding ordinate H I' of the 
generating circle of the cycloid ABC. This being a 
charadteriftic property of a cycloid, E is a point in the 
circumference of a cycloid equal to the cycloid ABC. 

Or, laftly, in accommodation to cafes where we are 
fuppofed to know few of the propert ies of the evolute, 
or, at leaft, not to attend to them, we may make ufe of 
the fluxionary equation of the evolute to obtain the 
fluxionary equation of the evolutrix. For this purpofe, 
take a point e very near to E, and draw the evolving 
radius be, cutting Ef (drawn parallel to the bafe DC) 
in 0 ; draw e n parallel to the axis of the evolute, cut- 
ting E 0 in 1;; alfo draw b hi parallel to the bafe, and 
B d perpendicular to it. If both curves be now refer- 
red to the fame axis CGF, it is plain that B B d, 
and db are ultimately as the fluxions of the arch, ab- 
fcifs, and ordinate of the evolute, and that JL e, e v, and 
v E, are ultimately as the fluxions of the arch, abfciffa, 
and ordinate of the evolutrix. Alfo the two ffuxionary 
triangles are fimilar, the fides of the one being perpen- 
dicular, refpedtively to thofe of the other. If both are 
referred to one axis, or to parallel axes, the fluxion of 
the abfciffa of the evolute is to that of its ordinate, as 
the fluxion of the ordinate of the evolutrix is to that of 
its abfcifla. Thus, from the fluxionary equation of the 
one, that of the other may be obtained. In the prefent 
cafe, they may be referred to AD and FG, making 
CG equal to the cycloidal arch CBA. Call this a ; 
AI, x 5 IB, j ; and AB, or EB, *. In like manner, let 

F t 
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vo'otion. F« be = ' E = ■!>> and FE = TO i tberi, beca"'''' 
  DH2 = DA1— AH1, and DA and AH are the 
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halves of CF and BE, we have DH1 — 

DH1 a1 — z* _ fl1 —s2 

fo D1 = DA “ " 

F t. Therefore F t, or u, = 

Al- 

2 a 
d1 — z1 

2 a 

But DI = 

Alfo <w — 

u a by what was faid above, that is, w — 
V' u2 

— g “ Therefore we have w : u ( — a V2 a u) 
V 2 a u     

— : A/ w = v'GF ; V’F /, which is the analogy 
competent to a cycloid whofe axis is GF = DA. liuvvvtu. wvy J       . . - . 

It is not neceffary to infill longer on this in this 
place ; becaufe all thefe things will come more naturally 
before us when we are employed in deducing the evo- 
lute from its evolutrix. 

When the ordinates of a curve converge to a centre, 
in which cafe it is called a radiated curve, it is moll con- 
venient to conlider its evolutrix jn the fame way, concei- 
ving the ordinates of both as infilling on the circum- 
ference of a circle defcribed round the fame centre. 
Spirals evolve into other fpirals, and exhibit feveral pro- 
perties which afford agreeable occupation to the curious 
geometer. The equiangular, logarithmic, or loxodro- 
inic fpiral, is a very remarkable example. Like the cy- 
cloid, it evolves into another equal and fimilar equian- 
gular fpiral, and is itfelf the evolutrix of a third. This 
is evident on the llighteft infpeftion. Let C r qp (fig. 
6.) be an equiangular fpiral, of which S is the centre ; 
if a radius SC be drawn to any point C, and another 
radius SP be drawn at right angles to it, the intercept- 
ed tangent CP is known to be equal to the whole 
length of the interior revolutions of the fpiral, though 
infinite in number. If the thread CP be now unlapped 
from the arch Cry, it is plain that the firft motion of 
the point P is in a diredlion P F, which is perpendicu- 
lar to PC, and therefore cuts the radius PS in an angle 
SPT, equal to the angle SCP ; and finee this is the 
cafe in every petition of the point, it is manifell that its 
path muff be a fpiral PQR, cutting the radii in the 
fame angle as the fpiral C r qp. James Bernoulli firft 
difeovered this remarkable property. He ado remark- 
ed, that if a line PH be drawn from every point of the 
fpiral, making an angle with the tangent equal to that 
made by the radius (like an angle of refledion corre- 
fponding with the incident ray SP), thofe reflefted rays 
would all be tangents to another fimilar and equal fpiral 
I H ; fo that PH = PS. S and H are conjugate 
foci of an infinitely flender pencil; and therefore the 
fpiral I n H is the caullic by refleftion of RQP for rays 
flowing from S. If another equal and fimilar fpiral xyy 
roil on I ii H, its centre » will deferibe the fame fpiral 
in another pofition <w u %. All thefe things flow from 
the principles of evolution alone : and Mr Bernoulli 
traces, with great ingenuity, the connexion and depen- 
dence of cauftics, both by refle&ion and refra&ion, of 
cycloidal, and all curves of provolution, and their ongm 
in evolution or involution. A variety of fuch repeti- 
tions of this curve (and many other Angular proper- 
ties), made him call it the SPIRA MIRABILIS. He de- 
fired that it Ihould be engraved on his tombftone, with 

the infeription EADEM MUTATA RESURGO, as exprefliveInvolution. 
of the refurreftion of the dead. See his two excellent^ 
differtations in AS Erudit. 1692, Match and May. 

Another remarkable property of this fpiral is, that 
if, inftead of the thread evolving from the fpiral, the 
fpiral evolve from the ftraight line PC, the centre S 
will deferibe the ftraight line PS. Of this we have an 
example in the apparatus exhibited in courtes of expe- 
rimental philofophy, in which a double cone defeends, 
by rolliOP

- along two rulers inclined in an angle to each 
other (fee Gravefande’s Nat. Phil. I. § 210). It is 
pretty remarkable, that a rolling motion, feeming y 
round C, as a momentary centre, (hould produce a mo- 
tion in the ftraight line SP ; and it ihews the inconclu- 
fivenefs of the reafoning, by which many compilers of 
elements of geometry profefs to demonftrate, that the 
motion of the deferibing point S is perpendicular to the 
momentary radius. For here, although this feeming 
momentary radius may be fhorter than any line that can 
be named, the real radius of curvature is longer than any 
line that can be named. 

But it is not merely an object of fpeculative geome- 
tric curiofity to mark the intimate relation between the 
penefis of curves by evolution and provolutmn ; it may 
be applied to important purpofes both in fcience and in 
art. Mr M‘Laurin has given a very inviting example 
of this in his account of the Newtonian philofophy ; 
where he exhibits the moon’s path in abfolute fpace, 
and from this propofes to inveftigate the defkaing 
forces, and vice verfa. We have examples of it in the 
arts, in the formation of the pallets of pendulums, ^the 
teeth of wheels, and a remarkable one in Meffrs Watt 
and Boulton’s ingenious contrivance for producing the 
re&ilineal motion of a pifton rod by the combination of 
circular motions. M. de la Hire, of the Academy of 
Sciences at Paris, has been at great pains to fhew how all 
motions of evolution may be converted into motions ot 
provolution, in a memoir in 1706. But he would have 
done a real fervice, if, inftead of this ingenious whim, he 
had {hewn how all motions of provolution may be traced, 
up to the evolution which is equivalent to them. For. 
there is no organic genefis of a curvilineal motion fo Am- 
ple as the evolution of a thread from a curve. It is the 
primitive geneiis of a circle ; and it is in evolution alone 
that any curvilineal motion is comparable with cncu- 
lar motion. A given curve line is an individual, and 
therefore its primitive organical genefis muft alfo be in- 
dividual. This is ftridly true of evolution. A para- 
bola has but one evolute. But there are infinite mo- 
tions of provolution which will deferibe a parabola,_ or 
any curve line whatever ; therefore thefe are not primi- 
tive organical modes of defeription. That this, how- 
ever, is the cafe, may be very eafily (hewn. I hus let 
A BCD (fig. 7.) be a parabola, or any curve ; and let 
abc dhc any other curve whatever. A figure Y^mlkht 
may be found fuch, that while it rolls along the curve 
abed, a point in it (hall deferibe the parabola. The 
procefs is as follows: Let B £, C c, T> d, &c. be a 
number of perpendiculars to the parabola, cutting the 
curve ab c d info many points. The perpendiculars may- 
be fo difpofed that the points a, b, c, &c. {hall be equi- 
diftant. Now we can conftruft a triangle 'Eeh fo, that 
the three fides E*, eh, and £E, (hall be refpeaively equal 
to the three lines Ef, ef, F/. In like manner may the 
whole figure be conftruded, having the little bafes ol 
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the triangles refpe&ively equal to the fucceflive portions 
of the bafe hied, and the radii equal to the perpen- 
diculars B C r, D d, See. Let this figure roll on this 
bale c. While the little fide el moves from its prefent 
pofition, and applies itfelf to ef, the point E deferibes 
an arch E £ of a circle round the centre e, and, falling 
within the parabola, is fomewhere between E and F. 
Then continuing the provolution, while the next fide 
h i turns round f till i applies to g, the point E de- 
foribes another arch t F o roundy, firft riling up and 
reaching the parabola in F, when the line h E coincides 
with/F, and then falling within the parabola till the 
point h begin to rife again from /by the turning of the 
rolling figure round the point jr. Reverfing the motion, 
the lides i h, h e, e l, See. apply themfelves in fuccellion 
to the portions gf, f e, e d, &c. of the bafe, and the 
.point E deferibes an undulating line, confiding of arches 
of circles round the fucctfiive centres^-,/, e. See. Thefe 
circular arches all touch the parabola in the points G, 
F, Ej &c, and feparate from it a little internally. By 
diminifhing the portions of the bafe, and increafing the 
number of the triangular elements of the rolling figure 
without end, it is evident that the figure becomes ulti- 
mately curvilineal inftead of polygonal, and the point 
E continues in the parabola, and accurately deferibes 
it. It is now a curvilineal figure, having its elementary 
arches equal to the portions of the bafe to which they 
apply in fucceffion, and the radii converging to E equal 
to the perpendiculars intercepted between the curve 
A BCD and the bafe. It may therefore be accurately 
conitrudied. 

It is clefir that practical mechanics may derive great 
advantage from a careful feudy of this fubjedf. We now 
fee motions executed by machinery which imitate almoft 
every animal motion. But thefe have been the rcfult 
of many random trials of nvipers, fnail-pieces, See. of va- 
rious kinds, repeatedly correded, till the defired motion 
is at laft accomplifhed. But it is, as we fee, a feienti- 
fic problem, to conftrud a figure which {hall certainly 
produce the propofed motion ; nor is the procefs by 
any means difficult. But how fimple, in comparison, 
is the produdion of this motion by evolution. We 
have only to find the curve line which is touched by 
all the perpendiculars B <5, C c, T) d, See. This natu- 
rally leads us to the fecond problem in this dodrine, 
namely, to determine the evolute by our knowledge of 
the involute: a problem of greater difficulty and of 
greater importance, as it implies, and indeed teaches, the 
curvature of lines, its meafure, and the law of its, varia- 
tion in all particular cafes. The evolute of a curve is 
the geometrical expreffion, and exhibition to the eye, of 
both thefe affedions of curve lines. 

Since the evolved thread is always at right angles to 
the evolutrix and its tangent, and is itfelf always a tan- 
gent of the evolute, it follows, that all lines drawn per- 
pendicular to the arch of any curve, touch the curve 
line which will generate the given curve by evolution. 
FY ere this evolved curve previoufiy known to us, we 
could tell the precife point where every perpendicular 
would touch it ; but this being unknown, we mufi: de- 
termine the points of contad by fome other method, 
and by this determination we afeertain fo many points 
of the evolute. The method purfued is this : When 
two perpendiculars to the propofed curve are not par3 
rallel (which we know from the kno^n pofition of the 
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tangents of our curve), they muft inteTed each other 
fo me where on that fide of the tangents where they con- 
tain an angle ids than i8ou'. But when they thus in- 
teried, one of them has already touched the evolute, 
and the other has not yet reached it. Thus let Is, es 
(fig. 1.) be the two perpendiculars: being tangents to 
the evolute, the points s of their interfedion mull be on 
its convex fide, and the unknown points of contad B 
and E muft be on different fides of s. Thefe are ele- 
mentary truths. 

Let e E approach toward l B, and now cut it in x. 
The contad has ftiifted from E to D, and x is itill be- 
tween the contads. When the {Tufting perpendicular 
comes to the pofition c C, the interfedion is at i, be- 
tween the contads B and C. And thus we fee, that 
as the perpendiculars to the involute gradually approach, 
their contads with the evolute alfo approach, and their 
interfedion is always between them. Hence it legiti- 
mately follows, that the ultimate pofition of the intei**- 
fedion (which alone is fufceptible of determination by 
the properties of the involute) is the pofition of the 
point of eontad, and therefore determines a point of 
the evolute. The problem is therefore reduced to the 
inveftigation of this ultimate interfedion of two perpen- 
diculars to the propoled curve, when they coalelce after 
gradually approaching. This will be heft illuftrated by 
air example : Therefore let ABC (fig. 8.) be a parabola, 
of which A is the vertex, AFI the axis, and AV one- 
half of the parameter ; let BE and CK be two perpen- 
diculars to the curve, cutting the axis in E and K, and 
interfeding each other in r; draw the ordinates BD, 
CV, and the tangent BT, and draw BE parallel to the 
axis, cutting CK in F, and CN in O. 

Bccaufe the perpendiculars interfed in r, we have 
r E : EB ir: EK : BF. If therefore we can difeover 
the ratio of EK to BF, we determine the interfedion 
r. But the ratio of EK to BF is compounded of the 
ratio of EK to BO, and the ratio of BO to BF. The 
firft of thefe is the ratio of equality ; for DE and VK 
are, each of them, equal to AV, or half the parameter. 
Take away the common part VE, and the remainders 
EK and DV are equal, and DV is equal to BO ; there- 
fore EK : BF aca BO : BF ; therefore r E : r B ~ 
BO : BF, (and by divifion) BE : E r zz: FO : OB. 
Now let the point C continually approach to B, and at 
laft unite with it. The interfedion r will unite with a 
point of contad N on the evolute. The ultimate ratio 
of FO to OB, or oi fo : 0 B, is evidently that of ED 
to DT, or ED to 2D A; therefore BE : EN = EI>. 
: 2DA, or as half the parameter to twice the abfeifia. 
Thus have we determined a point of the evolute ; and 
we may, in like manner, determine as many as we’ 
pleafe. 

But we wifli to give a general charader of this evo- 
lute, by referring it to an axis by perpendicular ordbi 
nates. It is plain that V is one point of it, becaufe 
the point E is always diftant from its ordinate DB b/i 
a line equal to AV ; and therefore, when B is in A, E 
wall be in V, and r will coincide with it. Now drawl i 
VP and NQ^perpendicular to /\H, and NM perpendbo 
cular to VP ; let EB cut PV in t: then, becaitfe AV > 
and DE are equal, AD is equal to VE* and- VE isJ 
equal to one-hall of DT, Moreover, becaufe BD an'dn 
NQjire parallel, DE : EQj=: BE : EN *= DE: DT/ 
therefore Dll EQ> and VE ~ 4-EQ^ and therefore* 



I N V 
Involution. = ' VQ; therefore VI is y of M I, and i MV 
——y——J is a chara&eriftic property of the evolute. i he iub- 

tangent is i of the ahfciffa ; in like manner, as in the 
common parabola, it is double of the abfcifia. We 
know therefore that the evolute is a paraboloid, whofe 
equation is tfx2.-/; that is, the cube of any ordinate 
MN is equal to the parallelepiped whofe bafe is the 
fquare of the abfcilTa VM, and altitude a certain line 
VP, called the parameter. To find VP, let CR be the 
perpendicular to the parabola in the point where it is 
cut by the ordinate at V; draw the ordinate RS^of the 
paraboloid, and RG perpendicular to AH. Then it 
is evident, from what has been already demonlb ated, 
that VK is i of KG, and 4 of VG: therefore KG2 

— 4VK2, and (in the parabola) VC1 ~ 2 VK2. Alfo> 
becaufe KV : VC = KG : GR, we have GR2 = 2 KG 
— 8VK2; therefore VP X RG2 = 8 VP X VK2. But 
VG3 = 27VK3, = 27VKXVK2; therefore, becaule 
in the paraboloid, VP X VS2 = SR3, or VI X RG 
— VG3, we have 8 VPX VK2 = 27 VK X VK2, and 
8 VP = 27 VK ; or VK : VP ; that is, AV : VP = 
8 : 27 ; or VP = V AV» or ** of the Parameter of 

the parabola ABC. The evolute of the conical para- 
bola is the curve called the femicubical parabola, and its 
parameter is 44 of the conical parabola. 

This inveftigation is nearly the fame with that given 
by Huyghens, which we prefer at prefent^ to the me- 
thod generally employed, becaufe it keeps the piinciple 
of inference more clofely in view. 

Mr Huyghens has deduced a beautiful corollary from 
it. Since the parabola ABC is delcribed by the evo- 
lution of the paraboloid VNR, the line RC is equal to 
the whole evolved arch RNV, together wuth the redun- 
dant tangent line AV. If therefore we take front CR 
a part C* equal to the redundant AV, the lemainder 
* R is equal to the arch RNV of the paraboloid. We 
may do this for every pofition of the evolved radius, and 
thus obtain a feries of points V, *< E> of the evO- 
lutrix of the paraboloid. We have even an eafier me- 
thod for obtaining the length of any part of the aich 
of the parabaioid, without the previous defeription of 
the parabola ABC. Suppofe Py the aich of the para- 
boloid, and j z the tangent ; make P z = A of the pa- 
rameter, and deferibe the arch P « « of a ciicle ; then 
draw from every tangent y z a parallel line x v, cutting 
the circle in u. The length of the arch y I is equal to 
yz + uv. The celebrated author congratulates him- 
felf, with great juftice, on this neat exhibition of a right 
line equal to the arch of a curve, without the employ- 
ment of any line higher than the circle. It is the fe- 
cund curve that has been fo rectified, the cycloid alone 
having been reftified by plain geometry a very few 
years before by Sir Chriftopher Wren. It is very tine, 
and he candidly admits it, that this very curve had been 
reftified before by Mr William Neill, a young gentle- 
man of Oxford, and favourite pupil of Dr Wallis; as 
alfo by Mr Van Heuraet, a Dutch gentleman of rank, 
and an eminent mathematician. But both of thefe gen- 
tlemen had done it by means of the quadrature of a 
curve conftrufted from the paraboloid after the manner 
of Dr Barrow, Lea. Geom. XL Nor was this a foli- 

' tary difeovery in the hands of Mr Huyghens, as the 
reftification of the cycloid had been in thofe of Sir 
Chriftopher Wren ; for the method of inveftigation fur- 
juftied Mr Huyghens with a general rule, by which he 
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This could evolve every fpecies of paraboloid and hyperbo-In7oI"tlon- 

loid, two claffes of curves which come in the way in al- 
moft every difeuffion in the higher geometry. He oh- 
ferves, that the ratio of B/ to E being always com- 
pounded of the ratios of B/ to B 0, and of B 0, or Dr/, 
to E*; and the ultimate ratio of By* to Bo being that 
of TE to TD, which is given by the nature of the pa- 
raboloid, we can always find the ratio of BE to BN, ir 
we know that of D r/ to E In all curves, the ratio 
of D d to Er (taken indefinitely near), is that of the 
fubtangent to the fum of the fubtangent and ordinate 
of a curve conftrufted on the fame abfcifia, having its 
ordinates equal to the fubnormals DE, r/e, VK, &C. 
In the conic fedtions the ratio is conftanf, becaufe the 
line fo conftru&ed is a ftraight line ; and, in the para- 
bola, it is parallel to the axis. See farther properties of 
it in Barrow’s LeB. Geom. XI. 

From this inveftigation, Mr Huyghens has deduced 
the following beautiful theorem : 

Let a be the parameter of the paraboloid, x its ab- 
feiffa, and y its ordinate ; and let the equation be 
amxn~ym'>rn\ let the radius of the 
the tangent through the vertex A in Z. 

ways have BN ~ — BE + —^— BZ. 

evolute meet 
We {hall ai- 

Thus, 

Ifax =ry2') f BE + 2 BZ 
a

2.*= y3| j 4 BE -b \ BZ 
ax'=: f >> then BN = <j 2 BE -f 3 BZ 

—I3BE+4BZ 
a.v J UBE+fBZ 

&c. &c. 
This is an extremely fimple and perfpicuous method 

of determining the radius of the evolute, of radius oi 
curvature ; and it, at the fame time, gives us the refti- 
fication of many curves. It is plain that every geome- 
trical curve may be thus examined, becaufe the lubnor- 
mals DE, VK are determined ; and therefore their dif- 
ferences are determined. 1 hele differences aie the fame 
with the differences of D and E e ; and therefore the 
ratio of D </ to E £ is determined ; that is, the fubfi- 
diary curve now mentioned can always be conftrufted. 

There is a fingular refult from this rule, which would 
hardly have been noticed, if the common method for de- 
terming BN had alone been employed. The equation 
of the paraboloid is fo fimple, that the increafe of the 
ordinates and diminution of curvature feem to keep 
pace together ; yet we have feeu that, in the vertex of 
the cubical parabola, the curvature is lels than any cir- 
cular curvature that can be named.. In the legs, the 
curvature certainly diminifhes as they extend taitner; 
there muft therefore be fome intermediate point where 
the curvature is the greateft polfible. Furs is diftinctly 
pointed out by Mr Huyghens’s theorem. The evolute 
of this paraboloid (having a2 x =/) is a curve ONRNQ_ 
(fig, 9.j confifting of two branches RO, and RQ^ which 
have a common tangent in R; the branch RQTias 

axis AE for its affymptote. The thread unfolding 
from OR, its extremity, deferibes the arch BC, and 
then, unfolding from RQ^ it deteribes the fmall arch 
CB'A. When B' is extremely near A, the thread has 
a pofition B'N'E, in which B'N is very nearly 4 BE. 
At C, if CE be bifefted in G, GR is 4 °f CZ'. Here 
CR the radius of curvature is the ftiorteft pofiible. L he 
evolutes of all paraboloids confift of two fuch branches, 

m + » exceeds 2. o' 
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Involution. Such is the theory of evolution and involution as de- 

v_ livered by Mr Huyghens about the year 1672. It 
was cultivated by the geometers with fuccefs. Newton 
prized it highly, and gave a beautiful fpecitnen of its 
application to the defcription, re&ificatio.n, and quadra- 
ture of epicycloids, trochoids, and epicycles of all kinds. 
But it was eclipfed by the fluxionary geometry of New- 
ton, which included this whole theory in one propofi- 
tion, virtually the fame with Mr Huyghens’s, but more 
comprehenfive in its expreffion, and much more Ample 
in- its application. Adopting the unqueftionable prin- 
ciple of Mr Huyghens, that the evolved thread is the 
radius of a circle which has the fame flexures with the 
curve, the point of the evolute will be obtained by find- 
ing the length of the radius of the equicurve circle. 
The formula for this purpofe is given in the article 
Fluxions of the Encyclopedia Brhannica; but is in- 

«d-4i correftly ftated =: ——, - , 
2 V a 

inflead of 
<2 -f- 4 x 

V' a 
=1- • The 

theorem alfo from which it is deduced 
) \ _ XV' 

is incorreftly printed, and is given without any demon- 
firation, thereby becoming of very little fervice to the 
reader. For which reafon, it is neceflary to fupply the 
defeat in this place. 

Therefore let Abcd&f (fig. 10.) be a circle, of 
which C is the centre, and ACE a diameter ; let the 
points b, c, cl, of the circumference be referred to this 
diameter by the equidiftant perpendicular ordinates hi, 
cg, dk \ draw the chords he, cd, producing dc till it 
meet the ordinate h i in a, produce to the circle in f, 
and join bf, df; draw b b, c m, perpendicular to the or- 
dinates ; then l h, cm, h c, m d, b c, c d, are ultimately 
proportional to the firft. fluxions of the abfcilfa AE, 
the ordinate eg, and the arch Ac ; alfo a b, the difier- 
•ence between dm and cZ>is ultimately as the lecond 
fluxion of the ordinate. The triangle ab c xs fimilar to 
b df\ for the angle a b c is equal to the alternate angle 
bef, which is equal to bdf, handing on the fame feg- 
ment. The angle a c 3 is equal to bf d, {landing on the 
fegment 3cr/; therefore the remaining angles b a c and 
dbf are equal ; therefore abibc — bd'.dfzz^bd'.ic 
df. Now let the ordinates b i and dk continually ap- 
proach the ordinate eg, and at lall unite with it; we 
{hall then have be ultimately equal to 4 b d, and eg ul- 
timately equal to \df. Therefore, ultimately, ab \ bc 

b c* 
zz: be \ eg, and eg = —-. 

a 0 

the ordinate of the equicurve circle, u « —-- [y 

timately, b h : b c ~ c g x c C, and c C zz < bb If 

=y u' + v1: -U* + <vz r 

and we have r — 

Therefore w3 :r: a* -|- <o2 Involution, 

-, as the moft: general fluxio- 

nary expreflion of the radius of a circle, in terms of the 
fine, cofine, and arch. 

When a curve and a circle have the fame curvature, 
it is not enough that the firft fluxions of their abfeiflae, 
ordinates, and arches, are the fame. This would only 
indicate the pofition of their common tangent. They 
muft have the fame defleeftion from that tangent. This 
is always equal to half yf the fecond fluxion of the or- 
dinate. Therefore the circle and curve muft have the 
fame fecond fluxion of their ordinates. Therefore let 
T) b c d F be any curve coinciding with, or ofcukited by, 
the circle Abed. Let its axis be DG, parallel to the 
diameter AE ; and let c nbt its ordinate. Let D « be 
■zz x, c n — y, and b c zz We have x, y, z, refpec- 
tively equal to u, v, w. Therefore the radius of the 

33 or r  — for all ofculating circle is r ~ 
— x y — x y 

(We recommend the careful perufal curves whatever, 
of the celebrated 2d corollary of the roth propofition 
of the 2d book of Newton’s Principia, where the firft 
principles of this dodlrine are laid down with great a- 
cutenefs.) 

Inftead of fuppofing the ordinates equidiftant, and 
confequently x invariable, we might have fuppofed the 
ordinates to increafe b) equal fteps. In this cafe y 
would have had no fecond fluxion. The radius would 

then be = Or, laftly, we might fuppofe (and 

this is very ufual) the arch z to increafe uniformly. In 
z y 

this cafe r zz - : For becaufe x* j2 = a1, by 
x 

taking the fluxion of it, 2xx-{-2yyzzo, and y — 

; and therefore r — —r-r. r- 
y 

— y Ki. 

y x — x y 

y * 

y x x~ x, 

y 
y2 -f- x2 X sc x 
Having thus obtained the radius of curvature, and 

Let u, v, iv, reprefent the variable abfciiTa, ordinate, 
and arch. We have, for the fluxionary expreffion of 

confequently a point of the evolute, we determine its 
form by reference to an abfeifs, without much farther 
trouble: It only requires the drawing Op perpendicu- 
lar to the axis of the propofed curve, and giving the va- 
lues of C/> and Dp. If we fuppofe x conflant, then. 

have the negative fign, becaufe, as the arch increafes, 
v diminifhes). In the next place, it is evident that, ul- 

c C being = —, we have D p (rrDn+^r, 
x y 

D» + 4-XcC)=*-|- 
z — x y 

y z ^ , 
—r~n~; and / C c g 

be the radius of the equicurve circle, we have u : w 

zz v : r, and r r= —. But we had *u . Sub- 
u —. <y 

ftitute this in the prefent equation, and we obtain r 

— c n, — -r- X c C 
^ —y 

But if w.e 

fuppofe y conftant; then, c C being — -rrr, we have 

— u v 
tt* Laftly, obferve that w* = w2 .j. <i;% and w D p — x 4- and p C — . .r — y. 

x y x 

y x 

And if a be 

conftant, 
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cofiftant, then, c C being = v z 
.[ 25 

we fliall have D /> 
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r= x + 4r> an^— Ar }'• 
X X 

Thefc formulas are fo many general expreffions for 
determining both the curvature of the propofed curve 
and the form of its evolute. They alfo give us the 
rectification of the evolute ; becaufe c C is equal to the 
evolved arch, or to that arch, together with a conftant 
part, which was a tangent to the evolute at its vertex, 
in thofe cafes where the involute has a finite curvature 
at its vertex ; as in the common parabola. 

Let us take the example of the com* ion parabola, 
that we may compare the two methods. The equa- It , 
tion of this is a x =: y’1, or o’1 x ^ ~y. This givesy 

ez la x x and (making x conftant) 

y = — T X l a x2 x = Wherefore 

curvature 

vertex, where x — o, 

Again, D /> 

and therefore Vp 

ft- 4 xl At the 

% xz ft- y1) = ~\/ant^ t^ie ra(^lus 

(==Tr) ’ 
e x = o, the 

(='+^r) 
Vp zz: $ x, zz. the abfcifia of our evo- 

•(-=7-0 

2 \/ a 
formula becomes zz 

becomes | a + 3 

3 x> 

ordinate 

16 x3 
and C p2 X a 16 

lute. Likewife c py its 

= ; and C / =  
a 

But \Tp ~ $ x, and Vp3 — zy x3. Therefore Cp2 X 
T^th a — x3, = ^h V/3, and T^ths a X_C/>2 = \Jp3. 
Therefore the evolute VC is a femicubical parabola, 
whofe parameter is ^g-ths a, as was (hewn by Mr Huy- 

ghens. The arch VC is = 1±4^L — \ a. 
2 \/ a 

We (hall give one other example, which compre- 
hends the whofe clafs of paraboloids. Their general 
equation is y = a xn. This gives us y := « a * n~1 x, 
and y = « X n — I X a x n ~ 1 x2therefore z ( = 

\/+y2 ) = x V/1 + n2 x2 “ “ 1; C Z— x ' ) 

l -h n a x2 

— nXn— i X a x 
x n2 a2 x2 ” 

n 

■i Vp 

Cp 

I + 2 rt I Xn a2 x2 

(“+5t) 

the formula becomes —: but if « be greater than this,' 

VC will be =: o ; and it if it be lefs, VC will be infinite. 
Hence it appears, that the radius of curvaltire at the 
vertex of a curve is a finite quantity only in the cafes 
where the firft or nafcent ordinates are in the fubdupli- 
eate ratio of their abfcifle. In all other cafes, the cur- 
vature is incomparable with that of any circle, being 
either what is called infinite (when n is greater than 4) 
or nothing (when it is lefs). 

We fcruple not to fay, that the method of Mr Huy- 
ghens is more luminous, more pleafing to the imagina- 
tion of a geometer, than this ; and in all the cafes 
which occurred to us in our employment of it, it fug- 
gefted more ready conftruftions, with the additional fa- 
tisfaftion of exhibiting, in a continuous train, what the 
fymbolical method, proceeding by the ftuxionary calcu- 
lus, only indicates by points. We mult alio obferve, that 
the fubfidiary curve employed by Huyghens, having 
its ordinates equal to the fubnormals of the involute 
under examination, is the geometrical expreflion of that 
fun&ion of the involute which gives the fecond fluxions 
y and x of the ordinate and abfciffa. The young ma- 
thematician will find no difficulty in conftrufting this 
curve in every cafe; whereas we imagine that he will 
not find it a light matter to conftrudt the final equa- 
tions of the fymbolic method almojl in any cafe. At the 
fame time, the all-comprehending extent of the latter 
method, and the numberlefs general theorems which it 
fuggefts to the expert analyft, give it a moft deferred 
preference, and make it almoft an indifpenfable inftru- 
ment for all who would extend our phyfico-mathemati- 
cal fciences. 

In the employment of the geometry of curve lines, 
efpecially in the dodlrine of centripetal forces, it is ufual 
to confider the ordinates, not as infiftitig on a reftili- 
neal abfcifia, but as diverging from a centre. This is 
alfo the ufual way of conceiving all fpirals and evolu- 
trixes of curves which include fpace ; in (liort, all ra- 
dial curves. The procefs for finding their evolute, 
or their radius of curvature, is fomewhat different from 
that hitherto exhibited ; but it is more fimple. Thus, 
let GPM (fig. io.) be the elliptical path of a planet, 
of which S is the focus. We require PC, the radius 
of curvature in the point P. Let Pp be a very fmall 
arch. Draw the radii SP, S/>, the tangents PT, pt ; 
and draw ST perpendicular to P i', cutting pt in 2; 
and P o perpendicular to Sp. Let the arch GP be 
= z, the radius SP rr y, and the perpendicular ST 
— p. Then, it is plain, that Vp, op, T t, are ultimate- 
ly proportional to z, y, p. 1 he triangles PC and 
T//or TP/ are alio ultimately fimilar ; as alfo the 
triangles PST and poY. Therefore, ultimately, 

T / : Y p — PT : PC 
alio ^ P ' p o zz PS : PT. 
therefore T / : o = PS : PC, or, p : y zz y : r 

Involution » 

and 

y y 
n2 a2 

and DV    
i Xn a x n — I 

This laft formula expreffes the radius of curvature at 
the vertex D, or the redundant part of the thread, by 
which it exceeds the arch VC of the evolute. If n =£ L 

Suppl. Vol. II. Part I. 

an expreffion of the radius of curvature, ex- 
P 

tremely fimple, and of eafy application. 
The logarithmic or equiangular fpiral PQR (fig. 6.) 

affords an eafy example of the ufe of this formula. The 
angle SPT, which the ordinate makes with the curve, 

D is 
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Involution.is everywhere the fame. Therefore let a be our tabu- 

lar radius, and l the fine of the angle SP f. We have 

£ v / j jv "n ayy ay 
ST = -f; and therefore PC (= y-J = = J- 

This is to SP or y in the conftant ratio of a to l, or 
of SP to ST ; that is, ST : SP = SP : PC, the tri- 
angles SPT and PCS are fimilar, the angles at P and 
C equal, and C is a point of an equiangular fpiralr 
round the centre S. 

It is not meant that the con Urn & ion pointed out by 
this theory of involution, -expreffed in its moft general 

Jand fimple form, is always the bell for finding the 
centre of the equicurve circle. Our knowledge of, or 
attention to, many other properties of the curve under 
confideration, befides thofe which fimply mark its re- 
lation to an abfcefs and ordinate, mud frequently give 
us better conftruftions. But evolution is the natural 
genefis of aline of varying curvature. Moreover, in the 
moft important employment of mathematicalknowledge, 
namely, mechanical philofophy, it is well known, that 
the moft certain and comprehenfive method of folving 
all intricate problems is by reference of all forces and 
motions to three co-ordinates perpendicular to each o- 
ther. Thus, without any intentional fearch, we have 
already in our hands the very flnxionary quantities em- 
ployed in this do&rine ; and the exprelfion which it 
gives of the radius of curvature requires only a change 
of terms to make it a mechanical theorem. 

Thus have we confidered the two chief queftions 
of evolution and involution. We have done it with as 
clofe attention to geometry as poffible, that the reader’s 
mind may become familiar with the ipfa corpora while 
acquiring the elementary knowledge, which is to be 
employed more expeditioufly afterwards by the help of 
the fymbolical analyfis. Without fuch ideas in the 
mind, the occupation is oftentimes as much divefted of 
thought as that of an expert accountant engaged in 
complex calculations ; the attention is wholly turned to 
the rules of his art. 

It now remains to confider a little the nature of this 
curvature of which fo much has been faid, and about 
which fo many obfcure opinions have been entertained. 
We mentioned, in an early part of this article, the un- 
warranted ufe of the terms of infinite and infinitefimal 
magnitude as applicable to curvature, and fiiewed its im- 
propriety by the inconfiftences into which it leads ma- 
thematicians. Nothing threw fo much light on this 
fubjeft as Mr Huyghens’s Geometry of Evolution ; and 
we ftiould have expedted that all difputes would have 
been ended by it. But this has not been the cafe*; and 
even the moil eminent geometers and metaphyficians, 
fuch as the Bernoullis and Leibnitz, have given expla- 
nations of orders of curvature that can have no exift- 
ence, and explanations of that coalefcence which ob- 
tains between a curve line and its equicurve circle, which 
are not warranted by juft principles. 

Thefe errors (for fuch we prefume to think them) 
arofe from the method employed by the geometers of 
iaft century for obtaining a knowledge of the magni- 
tude and variation of curvature. The fcrupulous geo- 
meters of antiquity defpaired of ever being able to com- 
pare a curve with a right line. The moderns, although 
taught by Des Cartes to define the nature of a curve 
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by its equation, allowed that this only enabled them fo Involution, 
exhibit a feries of points through which it pafled, and —y— 
to draw the polygon which connedls thefe points, but 
gave no information concerning the continuous tncurva- 
ted arches, of which the fides of the polygon are the 
chords. They could not generally draw a tangent to 
any point, or from any point ; but they could draw a 
chord through any two points. Des Cartes was the 
firft who could draw a tangent. He contrived it fo, 
that the equation which expreffes the interfe&ions of 
the curve w'ith a circle defcribed round a given centre 
fhould have two equal roots. This indicates the coa- 
lefcence of two interfedlions of the common chord of 
the circle and the curve. Therefore a perpendicu- 
lar to the radics fo determined muft touch the curve in 
the point of their union. This was undoubtedly a 
great difcorery, and worthy of bis genius. It naturally 
led the way to a much greater difcovery. A circle 
may cut a curve in more points than two : It may cut 
a conic fedlion in four points; all expreffed by one 
equation, having four roots or fblutions. What if three 
of thefe roots fhould he equal ? This not only indicates 
a clofer union than a mere contadl, but alfo gives indi- 
cation of the flexure of the intervening arch. For, be- 
fore the union, the interfe&ions w’ere in the arch both 
of the curve and of the circle ; and therefore the dif- 
tindtion between the union of tw'o and of three inter- 
fedlions muft be of the fame kind with that between a 
ftraight line and an arch of ibis circle. The flexure of 
a circle being the fame in every part, it becomes a pro- 
per index ; and therefore the circle, which is determi- 
ned by the coalefcence of three interfedlions, was taken 
as the meafure of the curvature in that point of the 
curve, and was called the circle of curvature, the 
equicurve circle. There is a certain progrefs to this 
coalefcence which muft be noticed. Let ABD (fig. 
4.) be a common parabola, EBF a line touching it in 
B, and BO a line perpendicular to EBF. Taking 
fome point O in the other fide of the axis for a centre, 
a circle may be defcribed which cuts the curve in four 
points a, b, c, and d. By enlarging the radius, it is 
plain that the points a and b muft feparate, as alfo the 
points c and d. Thus, the points b and c approach 
each other, and at laft coalefce in a point of contadl B, 
with the parabola, and with its tangent. In the mean 
time, a and d have retired to A and D. If we now 
bring the centre O nearer to B, the new circle will fall 
w’holly within the laft circle ABD ; and therefore both 
A and D will again approach to each other, and to B, 
which ftill continues a point of contafl. It is plain that 
A will approach fafterto B than D will do. At length, 
the centre being in o, the point A coalefces with B, 
and we obtain a circle 1 B touching the curve in B, 
and cutting it in ^: Confequently the arch B £ ■f' is 
wholly within, and B P ^ is wholly without the parabo- 
la ; and the circle both touches and cuts the parabola 
in B. Here is certainly a clofer union, at leaft on the 
fide of a. But perhaps a farther diminution of the 
circle may bring it clofer on the fide of D. Join B &. 
Let a fmaller circle be defcribed, touching the parabola 
in B, and cutting it in <p. Draw pr parallel to <T B. It 
may be demonftrated that the new circle cuts the para- 
bola in c. Now the arch between c and p being with- 
out the parabola, the arch BC muft be within it; and 
therefore this circle is within the parabola on both fides 

*£ 
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_ , .. n 0f n antl is more iucurvated than the parabola. We 

that a circle greater than < B Ms w.thout 
the parabola on both fides of B ; and therefore .s lefs 
incurvated than the parabola. Therefore the individual 
circle £ B i is neither more nor lefs curve than the para- 
bola in the point B. Therefore the circle indicated by 
the coalefcence of three interfeaions is properly named 
the equicurve circle ; and, fince we mtafure all curva- 
tures by that of a circle, it is properly the circle of cur- 
vature,'and its radius is the radius of curvatuie. 

Had B been the vertex of the axis, every inter ec- 
tion on one lide of B would have been hnnlar to an in- 
terfeaion on the other, and there would always have 
been two pairs of roots that are equal; and therefore 
when three inteiTedious coalefce, a fourth alio coaiefces, 
and the contact is faid to be ftdl cloier. 

What has now been ihewn with refped to a conic 
fedion is true of every curve. When two interfedions 
coalefce, there is a common tangent; when three co 
ale fee, there is an equal curvature, and no other arc 
can pafs between this circle and the curve. 1 here can- 
not be a coalefcence of four interferons, except when 
the diameter is perpendicular to the ordinates, and 
tViofe are bifeded by the diameter. 

Mr Leibnitz, who valued himfelf for metaphy ica 
refinement, and never fails to claim fupenonty m this 
particular/notices the important diftmdion between a 
Tun pie contad and this clofer union, in a very well wut- 
ten differtation, publiihed in the J£la Eruditorum, July 
1686. He calls the contad of equal curvatures an os- 
culat.on, and the circle of equal curvature the 
lating circle, and delivers feveral very Judicious re- 
marks with the tone of a matter and ^ftrudor He 
alfo fpeaks of different degrees or orders of oiculation, 
each ^of which is infinitely clofer than the other, as 
thing not remarked by geometers. But Sir Ifaac New- 
ton had done all this before. The hrtt twelve propo- 
fitions of the Principia had been read to the 
ciety feveral years before, and were m the Beg'fters. 
The Principia had received the impnmatur of the So- 
ciety in July .686; but was almoft printed before that 
time. In the Scholium to the nth Lemma, is con- 
tained the whole dodrine of contad and ofcuktion ; 
and in the lemma and its corollaries, is crowded a body 
of dodrine, which has afforded themes for volumes 
The author glances with an eagle’s eye over the w 
profped, and points out the prominent parts with the 
moft compreffed brevity; but with J// 
for marking out the more important obJe^ an ? * 
ticularly the different orders of curvature. Ihs kmma 
and its corollaries are continually employed in t 
twelve propolitions already mentioned. In 1671 e 
had written the firft draught of his method of 
where this dodrine is fyftematically treated; and M 
Collins had a copy of it ever fince 167 . t ^ 'y 
known that Leibnitz, when in London, had 
perufal of the Society’s records, and in/°rmatl0n

o^p
a

n 
times by his correfpondence with the fecretary Olden- 
burgh and Mr Collins. His condud refpeding the 
theorems concerning the elliptical motion of the planets, 
and the refiftance of fluids, leave little room to doubt 
of his having availed himfelf bk;,ma™er ° ^ 
portunity of information on this fubjed. He gives a 
much better account of the Newtcmao dodrine on this 
fubjed than in thofe other inftances, it being more full- 
ed to his refining and paradoxical difpoiition. 
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' In Jthis and another differtation, he confiders more par- 
ticularly the nature of evolution, and of that ofculation 
which obtains between the evolutrix and the circle de- 
feribed by the evolved radius. He fays, that it is equi- 
valent to two fimple contads, each of which is equiva- 
lent to two interfedions. An ofculation produced in 
the evolution of a curve is therefore equivalent to tour 
interfedions. And he advifes, with an air of authori- 
ty, the mathematicians to attend to thefe remarks, as 
leading them into the receffes of fcience. He is mii- 
taken, however ; and the liftening to him would pre- 
vent us from forming a juft notion of ofculation, and 
from conceiving with diftindnefs the ftngular fad of a 
circle both touching and cutting a curve in the tame 
point. James Bernoulli loft his friendfhip, became he 
prefumed to fay that the prefence of four interiedions 
in an ofculation is not warranted by the equation ex- 
preffing thofe interfedions. . 

Mr Leibnitz was mifled by the way in whicu he had 
conftdered the ofculation in the evolution of curves It 
merits attention. From any point within the fpace 
ADFOA (fig. !•)> two perpendiculars may be drawn 
to the efolutnx A b df; and therefore two circles may 
be deferibed round that point, each touching t curve. 
Each contad is the union of two interfedions. 1 here- 
fore as the centre approaches the evolute, the contacts 
approach each other, and they unite when, the centre 
reaches the evolute. Therefore the. ofchlation ot evo- 
lution is equivalent to four interfedions. 

But when two fuch circles are defenbed round a 
point r, fo as that both may touch the evolutrix AaJ, 
the point j is in the interfedion of one evolved radius 
with the prolongation of another. The contad at the 
extremity b of the prolonged radius MB is an exterior 
contad, and the arch of the circle.croffes the evolutrix, 
from without inwards, in fome point more remote from 
A. The contad at the extremity e of the radius e L 
is an interior contad ; 'and if e J be greater than tne 
ftraight line EA, the arch of. this circle croffes the 
curve, from within outwards, in fome point nearer to 
A Thus each contad is accompanied by an interiec- 
tion on the fide next the other contad, fometimes be- 
yond it, and fometirhes between the contads. As the 
contads approach, the interfedions.alfo approach, ft ill 
retaining their qharaders as mtericdions, as the contads 
ftill continue contads. Alfo the circle next to A croffes 
from without inwards, and that next to/ 
within outwards. They retain this charader to the laft, 
and when the contads coalefce, the two circles coalefce 
over their whole circumference, ftill, however, crofting k 
the curve in the fame diredion as before ; that, is, with- 
out the curve on the fide of A, and within it on the 
fide of f. The contads unite as contacts, and tne 
terfedions as interfedions. Thus ll; 13 that the ofG?' 
lating circle both touches and mterfeds the cmve in 

tlUAt f the ofculation is indeed .clofer than anywhere 
elfe. The variation of curvature is lefs there than any- 
where elfe, becaufe the radius changes more ftowly. it 
is this circumftance that determines the clofenefs ot 
contad. If a circle ofculates a curve, it has the lame 
curvature. If this curvature does not change in the 
vicinity of the contad, the curve and circle mutt coin- 
cide ; and the deviation of the circle (the curvature of 
which is everywhere the fame) from the curve mu 
proceed entirely from the variation of its curvature. 

D 2 * 
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Involution, This, therefore, is the important circumftsnce, and is 
v„' v~“'~ indeed the charafteriftic of the figure as a curve line ; 

and its other properties, by which the pofition of its 
ditierent parts are determined,, may be afcertained by 
means of the variation of its curvature, as well as by its 
relation to co-ordinates. Of this we have a remarkable 
in fiance at this very time. The orbit of the newly 
difcovered planet has been afcertained with tolerable 
precifion by means of obfervations made on its motions 
for three years. In this time it had not defcribed the 
2dth part of its orbit ; yet the figure of this orbit, the 
pofition of its tranfverfe axis, the place and time of its 
perihelion, were all determined within loodth part of 
the truth by the cbferved variation of its curvature. It 
therefore merits our attention in the clofe of this ar- 
ticle. We know of no author who has treated the 
fubjedl in fo initrudlive a manner as Mr M‘Laurin has 
done, by exhibiting the theorem which conftitutes New- 
ton’s Ilth lemma in a form which points this out even 
to the eye (fee M*Laurin’s Fluxions, Chap, xi. $ 363, 
&e.). We'earneflly recommend this work to the young 
geometer, as containing a fund of inftrudlion and agree- 
’ahie exercife to the mathematical genius, and as gieatly 
iuperior in perfpicuity and in ideas which can be 
treafured up and recollected, when required, to the 
greatefl part of the elaborate performances of the emi- 
nent anaiyfls of later times. By expreffing every thing 
geometrically, the author furnifhes us with a fort of 
pifture, which the imagination readily reviews, and 
which exhibits in a train wdiat mere fymbols only give 
us a momentary glimpfe of. 

** all right lines which can be drawn through 
a given point in the arch of a curve, that alone is the tan- 
gent which touches the arch fo clofoly that no right line 
can pafs between them ; fo, of all circles which touch a 
curve in a given-point, that circle alone has the fame 
curvature which touches it io clofely that no circle can 
pafs between them. It cannot coincide with the arch 
of the curve ; and therefore the above condition is fuf- 
ficient for making.it equicurve. As the curve fepa- 
rates from the tangent by its flexure or curvature, it 
feparates from the equicurve circle by its change of cur- 
vature ; and as its curvature is greater or lefs according 
as it feparates more or lefs from its tangent, fo the va- 
riation of its curvature is greater or lefs according as it 
feparates more or lefs from its equicurve circle. Mi ere 
can be but one equicurve circle at one point of a curve, 
otherwife any other circle defcribed between them 
through that point will pafs between the curve and the 
equicurve circle. 

“ When two curves touch each other in fuch a man- 
ner that no circle can pafs between them, they muft 
have the fame curvature; becaufe the arch which touches 
one of them fo clofely that no circle can pafs between 
them, muft touch the other in like manner. But circles 
may touch the curve in this manner, and yret there may 
be indefinite degrees of more or lefs intimate contact be- 
tween the curve and its equicurve circle.” This is fhewn 
by the ingenious author in a feries of propofitions, of 
which a very fhort abridgment muft fuffice in this 
place. 

Let any curve EMH (fig. n.), and a circle ERB, 
touch a r,ght line ET on the fame fide at E. Let any 
riglrt line 1 Iv, parallel to the chord £"13 of the circle, 
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meet the tangent in E, the curve in M, and a curve Involution 
BKF (which pafies through B) in K. Then, if MT  v——' 
X TK be everywhere equal to TE2, the curvature of 
EMH in the point E is the fame as that of the circle 
ERB ; and the contact of EM and ER is fo much the 
elofer the fmaller the angle is which is contained at B 
between the curve BKF and the equicurve circle BQE. 

Let TK meet the circle in R and Q. Then, be- 
caufe RT X TQ_= TE2, it muft be RT X TO = 
MT X TK ; and RT : MT = TK : TQ^ Theline 
BKF may have any form. It may crols the circle 
BQJR in B, as in the figure. It may touch it, or touch 
EB, &c. Let us firft confider what fituations of the 
point M correfpond with the pofition of K, in that part 
of the curve BKF which lies without the circle BRE. 
Let f’K move toward EB, always keeping parallel to 
it, till it coincide with it, or even pafs it. Then, while 
the point K deferibes KB, it is evident that fince TK 
is greater than TQ^ TM muft be lefs than TR, and 
the point M muft always be found between T and R. 
The arch ME of the curve muft be nearer to the tan- 
gent than the arch RE of the circle. If any circle be 
now deferihed touching EE in E, and cutting off trom 
EB a fmaller chord than EB, it is clear that the whole 
of this fegment muft be within the fegment BRE ; 
therefore this fmaller circle does not pafs between ERB 
and the curve EMH. But fince we fee that the curve 
lies without the circle, in the vicinity of E, perhaps a 
greater circle than ERB may pafs between it and the 
curve. A greater circle, touching at E, muft cut off 
a chord greater than EB. Let E ^ be fuch a circle, 
cutting EB in b, and EQ^in q, T y is neceffarily 
greater than TQ^ For fince b is beyond B, and the 
arch BKF lies in the angle QB b, the circle E r y muft 
crofs the curve FKB in fome point ; fupoofe F. Then 
while K is found in the arch FB, the point y muft be 
beyond K, or T y muft be greater than TK.. Now 
T r x T ? = TEq = TM X TQ^ Therefore TM : T r 
~ I y * 1 Qi. Therefore T y being greater than TQ, 
E r muft be lefs than EM, and the point r muft lie 
without the curve, and the arch E r does not pafs be- 
tween EMH and the circle ERB. In like manner, 
on the other fide or EB, it will appear, that when the 
curve BKF falls within the circle which touches EMPI 
in E, and cuts off the chord EB, the arch of the curve 
conefponding to the arch BKF', lying within the cir- 
cle, alio Iks within the circle. For 'FK being lefs 
than i I M' is greater than TR', and the curve is 
within the circle. And, by firnilar reafoning, it is evi- 
dent that a circle cutting off a greater chord falls with- 
out both the circle ER B and the curve, and that a 
circle leis than ER B muft neceffarily leave fome part of 
the curve BKF without it; and therefore TK will be 
greater than T y', and the correfponding point r' muft 
he without the curve. All circles therefore touching 
IE in E fall without both ER and EM, or within 
them both, according as they cut off from EB a chord 
greater or lefs than EB, and no circle can pafs between 
them when the re&angle MT X TK is always equal to 
L I', and the focus ol the point K pafles through B ; 
that is, ERB is the equicurve circle at E. 

1 his corroborates the feveral remarks that we have 
made on the circumftance of a circle touching and cut- 
ting a curve in the fame point. No other circle camhe 

v 1 : : : made 
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solution, made to pafs between it and the curve, and it therefore 
  has the fame curvature. This may therefore be taken 

as a fufficient indication of the equicurve circle ; the 
charafter peculiarly affured to it by the nature of evo- 
lution. It muft be noted, however, that the curve is 
fuppofed to have its concavity in the vicinity ot the 
cent a it turned all the fame way. For if the contact be 
in a point of contrary fluxure, even a ftraight line will 
both touch and cut it in that point. 

The reader cannot but remark, that MK is always 
the chord of a circle touching TE in E, and palling 

Let E m be another curve, touching TE in E, fuch 
that the conjugate curve k B, which always gives 1 m 
X F yf = TE2, alfo palfes through B. Then, by what 
has now been demonftrated, the two curves EM and 
Em have the fame equicurve circle ERB, and conle- 
quently the fame curvature in E. Then, becaufe tie 
redangles RT X TQ^ MT X 1 K, and m T X1 k, are 
equal, we have T m : TM = TK : T L Fherefore if 
the arch B k pafs between BKand BQ , the curve Lm 
muft pafs between the curve EM and the circle ER. 
Em muft therefore have a clofer contaft with ER than 
EM has with it; and the fmaller the angle QBK is 
which is contained between the curve and its equicurve 
circle, the clofer is the contaft of the curve EM and its 
cquicurve circle ER. Thus the length of the chord 
EB determines the magnitude or degree of curvature at 
E, when compared with another ; and trie angle con- . 
tained between the equicurve circle and the conjugate 
curve BKF determines the clofenefs of the contadt ot 
the curve with its equicurve circle (the angle lEb be- 
intj fuppofed the fame in both.) t 

It appears, from the procefs of demonftration, that 
the curve EMH falls without or within the equicurve 
circle according as its conjugate curve BKF does. Al- 
fo when BKF cuts BQR, HME alfo cuts it. But if 
FQ B is on the fame fide of QB on both fides of the 
interfedtion B, the curve HME is alfo on the fame hde 
of it on both fides of the contad E. It is alfo very 
clear, that the contad or approach to coalefcence be- 
tween the curve and its circle of curvature, is lo much 
the clofer as the conjugate curve BKF comes nearer 
to the adjoining arch of this circle. It Inuft be tbe 

clofeft of all when KB touches QB, and it muft be the 
kail fo when KB touches EB, or has EB for an af- 
iymptote. The fpace QBK is a fort of magnihed pic- 
ture of the fpace MER; and we have a Rubble pro- 
portion of TQto TK as the reprefentation ot the pio- 
portion of TM to TR, quantities which are frequently 
evanefeent and infenfible. When QBK is a hmte angle, 
that is, when the tangents of BQjmd BK do not coin- 
cide, the angle QBK can be meafured. Tut no re J 
lineal angle can he contained as an unit in the curvih- 
neal angle MER. They are incommenfurable, or in- 
comparable. Let the curve KB touch the circle QB 
without cutting it. This angle is equally incomparable 
with the former QBK ; yet it has a counterpart in 
MER. This muft be incomparable with the former in 
the fame manner ; for there is the fame proportion be- 
tween the individuals of both pairs. Thus it appears 
plainly, that there are curvilineal angles incomparable 
with each other. Yet are they magnitudes of one kmd ; 
becaufcthe fmalleft redilineal angle*muftcertamly con- 
tain them both ; and one cf them contains the other. 

r n v 

But, further, there may be indefinite degrees of this co- Involution, 
alefcence or clofenefs of contad between a curve and a ' v 
circle. The firft degree is when the fame right line 
touches both. This is afmple contaft, and may obtain 
between any curve and any circle. 1 ne next is when 
EMH and ERB have the fame curvature, and when 
the conjugate curve FKB interfedts the circle QB in 
any affignable angle. i his is an osculation. I he thn d 
degree of contad, and fecond of ofculation, is when the 
curve KB touches the circle QB, but not fo as to of- 
culate. The fourth degree of contad, and third of of- 
culation, is when KB and QB have the fame curvature 
or ofculate in the firft degree of ofculation. This gra- 
dation of more and more intimate contad, or (more pro- 
perly fpeaking) of approximation to coalefcence, may 
be continued without end, “ neque novit natura limitem^ 
the contad of EM and ER being always two degrees 
clofer than that of BK and BQ^ Moreover, m each 
of thofe claffes of contad there may be indefinite de- 
grees. Thus, when EM and ER have the fame cur- 
vature, the angle QBK admits of indefinite varieties, 
each of which afeertains a different clofenefs of contad 
at E. Alfo, though the angle QBK (hould be the fame, 
the contad at E will be fo much the clofer the greater 
the chord EB is. 

For TR : TM = TK : TQ_ 
Therefore RM : TR = KQj K ^ 

Or RM : RQ_= TR : TK j = TR X IQj 
TK X TQ, = TE* : TK X TQ.  

Therefore, when FE is given, RM (which is then the 
meafure of the angle of contad) is proportional to KQ_ 
diredly, and to the redangle TK X TQjnverfely; and 
when KQjs given, RM is lefs in proportion as K i X 
TQ is greater. In the very neighbourhood of E and 
B, it is plain that KT xTQJs very nearly equal to 
EB2, and therefore ultimately RM : KQj== E 12 : EB‘. 

It will greatly affift our conception of this delicate 
fubjed, if we view the origin of thde degrees of con- 
tad as they are generated by the evolution of lines. 
A thread evolving from a polygon EDCBA (fig- 
deferibes with its extremity a a line edbca, conlifting 
of fucceffive arches of circles united in fimple contads. 
If it evolve from any continuous curve CBA, after ha- 
ving evolved from the lines ED, BC, the arch ri will 
be united with the circular arch d c\)S ofculation of the 
firft degree. If any other curve FC touch this evolute 
in a limple contad, and if the two curves FCBA and 
DCBA are both evolved, they will touch each otner m 
a fimple ofculation in that point where they have the 
fame radius. If FC touches DC in a fimple ofcula- 
tion, the evolved curves will touch in an ofculation of 
the fecond degree; and, in general, the ofculat.on of the 
two generated curves is a degree clofer than that of their 
evolutes ; and in each ftate of one of the oiculations, 
there is an indefinite variety of the other, according to 
the length of its radius of curvature. All this is very 
clear ; and ftiews, that thefe degrees of contad do_ not 
indicate degrees of curvature, one of which minutely 
exceeds another ; for they are all finite. 

The reader will do well to remark, that the magni- 
tude, which is the fubjed of the above proportions, 
which is really of the fame kind in them all, and conh- 
dered as fufceptihle of various degrees and orders ot in- 
finitefimals, is not curvature, but lineal extenllon. It 
is RM, the fubteufe of the angle of contad MEK. It 
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> is thp linear fepaiatiqn from the tangent, or from the 

equicurve circle. It is, however, ufually coniidered as 
the meafure of curvature, or the proportions of this line 
are given as the proportions of the curvature. This is 
inaccurate ; for curvature is unqueftionably a change of 
direction only. As this line has generally been the in- 
tereiling object in the refined ftudy of curve lines, efpe- 
cially in the employment of it in the difcuffions of me- 
chanical philofophy, it has attrafted the whole atten- 
tion, and the language is now appropriated to this con- 
fideration. What is called, by the moil eminent ma- 
thematicians, variation of curvature, is, in fail, varin- 
tion of the fubtenfe of the angle of contadt. But it is 
iieceifary always to diftinguifh them carefully. 

Variation of curvature is the remaining objedt of our 
attention. 

Curvature is uniform in the circle alone. When the 
curvature of the arch EMH (fig. 11.) decreafes as we 
recede from E, the arch, being lefs deflefted from its 
primitive direction ET than the arch ER, mull fepa- 
rate lefs from the line ET, or muft fall without the 
arch ER. The more rapidly its curvature decreafes, 
the defcribing point muft be left more without the cir- 
cle. It mull be the contrary, if its curvature had increa- 
fed from E toward M. rt(may change its curve equably 
or unequably. If equally, there muft be a certain uni- 
form rate, which would have produced the fame final 
change, of direction in a line of the fame length, bend- 
ing it into the uniformly incurvated arch of a circle. 
It,is not fo obvious how to eftimate a rate of variation 
of curvature and authors of eminence have differed in 
this eftimation. Sir Ifaac Newton, who was much in- 
terefted in this difcuffion, in his ftudies on univerfal 
gravitation, feems to have adopted a meafure which heft 
fuited his own views ; and has been followed by the 
greater number. He gives a very clear conception of 
what.he means, by ftating what he thinks a cafe of an 
invariable rate oi variation. This is the equiangular 
fpiral, all the arches ot which, comprehended in equal 
angles from the centre, are perfe&ly fimilar. although 
continually varying in curvature. He calls this a curve 
equably variable, and makes its rate of variation 
(ellimated in that fenfe in which it is uniform) the 
meafure of the rate of variation in all other curves. Let 
us fee in what reipeft its variation of curvature is con- 
ilant. It may be defcribed by the evolution of the 
fame tpfral in another pofition (fee fig. 6.), and the ra- 
tio between the radius of the evolute and that of the 
evolutrix is always the fame ; or (which amounts to the 
fame thing) the arch of the evolutrix bears to the evol- 
ved arch of the evolute a couftant ratio. The curva- 
ture of the fpiral changes more rapidly in the lame pro- 
portion as the ratio of the evolved arch to the arch of 
the eyolutrix generated by it is greater, or as it cuts the 
radii in a more acute angle. Thefe arches may be infi- 

nitefimai; therefore the fraction fluxu)n evo^ute ejj> 
fluxion of evolutrix 

preffes the rate of the variation of curvature in this fpiral. 
Now \atabcd (fig. 13.) be any other curve, and ABCD 
Us evolute; let / be the centre of curvature at the point 
B o the evolute, and Bo the evolved arch; draw the ra- 
dii/B,/o, B?h, 0/2; join pm, and draw By perpendi- 
cuar to pm. It is evident that mn and B 0 have the 
fame ratio with B m and Bp ; and that thefe two fmali 
srches may be conceived as being portions of the fame 
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equiangular fpiral (perhaps in another pofition), of which 
q is the centre ; and that p is in the curve of another of 
the fame. For y/> : y B — y B : y M, = / B t B « ; 
therefore the ratio of thefe infinitefimal arches mn and 
B 0 will exprefs the rate of variation in any curve. This 
is evidently equivalent to faying, that the variation of 
curvature is proportional to the fluxion of the radius of 
curvature diredtly, and the fluxion of the curve inverfe- 
ly. For mn and Bo are ultimately as thofe fluxions. 

Bo . 
and »7^1S eTuvaIent to -TT-, where a is the arch of 2; 
the fpiral, and r the evolved radius of the other. Ac- 
cordingly, this is the enunciation of the index of va- 
riation given by Newton : (See Newton’s Fluxions, 
I'rob. VI. § 3.) Therefore, what Newton calls a uni- 
form variation of curvature, is not an increafe or dimi- 
nution by equal arithmetical differences, but by equal 
pioportions of the curvature in every point. The va- 
riation of curvature in fimilar points of fimilar arches is 
fuppofed to be the fame. 

It is evident that this ratio is the fame with that of 
radius to the tangent of the angle pm B, or of 1 to its 
tabular tangent. The tangent therefore of this angle 
correfponding to any point of a curve is the meafure of 
the \anation of curvature in that point. Now it may 
be (hewn (audit will appear by and bye), that the 
fluxion of TK in fig. 1 1. or the ultimate value of KQ , 
is always -fds of the fluxion of the radius of curvature^ 
Therefore the tangent of the angle QBK is always fds 
of that ofp m B; and therefore the angle CH^K, which 
we have feen to be an index of the clofenefs of contadl, 
is alfo the index of the variation of curvature. (See 
M‘Laurin, § 386.) 

Sir Ifaac Newton has g'iven fpecimens of the ufe of 
this meafure in a variety oi geometrical curves, by means 

of a general expreffion of —• Thus in the curve ABC 

(fig. 8.), let AB be = 2, AD - x, DB = y, BN 

= and BE = / ; we have ~ - —• Now DB : Bi z 

BE ~ y : p, ~ D r/ ; B sz x : z. Therefore z zz 
p x r y r 

and — — r- Now, in every curve which we 
J z p x 1 

can exprefs by an equation, wc can obtain all thefe 
quantities/, r, and %, and can therefore obtain the 
meafure ot the variation of curvature. It alfo deferves 

particular notice, that this inveftigation of is equiva- 

lent with finding the centre and radius of curvature of 
the evolute, by which the curve under confideration is 
generated ; or with finding the centre y (fig. 13.) of an 
equiangular fpiral, which will touch oui^ curve in m, its 
evolute in B, and the evolnte of the evolute in p, if put 
into different pofitions when neceffary. This leads to 
very cuiious fpeculations, for which, however, we have 
no room. It has been faid, for inftance, that the cur- 
vature at the interfedtion of a cycloid with its bafe is 
infinitely greater than that of any circle. If the evolu- 
tion of the cycloid begin from this point, the curvature 
of its evolutrix will be infinitely greater ftill upon the 
fame principles; and we (hall have one infinitely greater 

than 

! lived 
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lnv(J»t:on. than this by evolving it. Yet all thefe infinites, raulti- 
lte—v— plied to infinity, are contained in the central point ot 

every equiangular fpiral! In like manner, there are 
evolutrixes which coincide with a ftraight line, and 
others of infinitely greater reftitude, and (till they are 
curves. Can this have any meaning ? And can it be 
reconciled with the legitimate reafoning from the fame 
principles, that all thefe curvatures and angles of contact 
are producible by evolution ; and that they may be, and 
certainly are every day defcribed, by bodies moving in 
free fpace, and adtcd on by accelerating forces direded 
to different bodies ? , ^ , r n u 

The parabola (conical) is the moft fimple ot all the 
lines of unequably varying curvature, and becomes a 
very good ftandard of comparifon. In the parabola 
ABC^fig- 8.) let the parameter be 2 a. The equation 
is then z a x ~ y2 DE = a ; />, or BE — ^ a1- + J 

a ff- 2 x (by what was formerly demonrtrated). 

Moreover, DB : BE = BN ; and BN a * 

— r, Thefe equations give 2 a x — 2 y y, ■=. 2 p p > 

and 
x 'Ll'.— r Now making x ~ l, and 

and 
'•'0 

y r 

P 
-- 3: 
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DE. In the parabola, whofe equation z a x zz y7, Involution, . loan. 

r 3 j 
we have —r ~ —. 

a ^ 

• i ■ a y y 
reducing the equations, we obtain y = ~p = > 

= and ; = ‘t+.l*-2±±£. 
p - a 

With thefe values of y, p, r, we obtain a numerical 

value of UL moft readily. Thus in order to obtain 
P 

the index of variation of curvature in the point where 
the ordinate at the focus cuts the parabola, make a — i. 

Then 2 x ~ y2 •, x =z \ , y {■=■ V 2 x) — \ y [zz y^ 

= i ; p (— a1 ft- y2) — V 2 > p (— — v' 4, 

ap + 2xp + zp\ -^2x3. Therefore 
n / 

the index of variation in the point B when 

In an ellipfe, whofe equation is 

2 a X — b X2 — y7, we have — — 
r 3 — 3 ^ XDBxDE, 

D is the focus of the parabola; that is to fay, the 
fluxion of the radius of curvature is three times the 
fluxion of the curve. 

The index of variation, where the ordinate is equal 
to the parameter, is had by making x — 2. .This gives 
y = 2 •, y = i p zz \/ 5 ; p = */ {, and r = 3 \/ 5. 

Wherefore-LL = 6, which is the index of variation. 
P . 

Moreover, fince p and r are in a conftant ratio, it ap- 
pears that the index of variation of curvature in the pa- 
rabola is proportional to the ordinate y. It is always 

ordinate . . , ... , , 
rr 6 ; and thus, with very little trouble, we parameter 
can defcribe the evolute of its evolute, i. e. of the femh 
cubical parabola. 

In like manner, it may be ihewn that in all the conic 

fections is always proportional to the reftangle of 
% 

the ordinate DB and the fubnormal DE, or to DB X 

and in the hyperbola, whofe equation is 2 a x -{• b x2, 

is = 2 i-l— x DB X DE. This ratio, in all the 
z a 

three fe&ions, is always as the tangent of the angle 
contained between the diameter and the normal at the 
point of contact. By this we may compare them with 
a parabola. In the cycloid at the point E (fig. 5.) 

~ is — tan. Z_ EKM, &c. &c. 
2; 

All thefe things may be traced in the obfervations 
made on fig. 11. and 12. When the angle BET is a 
right angle, the angle KBQjndicates it diredlly, its 

2 r 
tangent being alwavs =: —r. It is eafy alfo to fee, 

° ' 3 ^ 
that when the curve EMH is a parabola, the line BKF 
is a ftraight line parallel to ET. It is alfo plain, that by 
the fame fteps that we proved that no circle can pal’s 
between this parabola and its equicurve circle ERB, fo 
no other parabola can pals between them. Indeed the 
fame reafoning will prove that no curve of the fame 
kind can pafs between any curve and its ofculating 
circle. In many cafes, it is more eafy to reafon from 
the curvature of a curve, by comparing it with an equi- 
curve parabola than with an equicurve circle ; particu- 
larly in treating of the curvilineal motions of bodies in 
free fpace, aftuated by deflecting forces. 

If EMH be an ellipfe or hyperbola, BKF is ano- 
ther ellipfe or hyperbola {M'Laurin, § 373)* 

We have thus endeavoured to introduce our readers 
into this curious branch of fpeculative geometry. An 
introduction is all that can be exptCled from a work of 
this kind. We have enlarged on particular points, in 
proportion as we thought that the notions entertained 
on the fubjeft were inadequate, or even vague and in- 
diftinft; and we hope that fome may be incited to ac- 
quire clearer conceptions by going to the fountain head. 
We conclude, by recommending to the young geome- 
ter the perufal of the Fluxions of Sir Ifaac Newton, 
after he has read M‘Laurin’s Chapter with care. He 
will probably be furprifed and delighted with feeing 
the whole compreffed by a mafter’s hand into fuch nar- 
row compafs with fuch beautiful perfpicuity. 

JOAN d’Arc, the maid of Orleans, has been va- 
rioufly charaCferifed ; but all now agree, that fhe was 
worthy of a better fate than the horrid death (he was 
doomed to die. (See Joan J’y/rr, Encycl.) But did 
ftte aCfually die that death? An ingenious writer in 
the Monthly Magazine has proved, we think, that fhe 
did not. 

The bifhop of Beauvais (fays he) is accufed by all 
parties of treachery and trick in the conduCt of the 
trial; it was his known propenfity to gain his ends by 
ftratagem, craft, manoeuvre, fraud, dexterity. He feeks 
out, and brings forward, fuch teftimony only as relates 
to ecclefiafticd offences, and then hands over the deci- 
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fton to the fecular judges, whofe clemency he invokes. 
j Joan fays to him publicly, “You * promifed to reftore 

me to the church, and you deliver me to my enemies.” 
The intention of the bifliop, then, muft have been, that 
the fecular judges, for want of evidence, fhould fee no of- 
fence againit the ftate ; as the clerical judges, notwith- 
llanding the evidence, had declined to fee any againft 
the church. A fatal fencence was, however, pronoun- 
ced ; and the fulfillment of it entrufted to the ecclefiafti- 
cal authorities. Immediately after the /<?, one 
of the executioners ran to two friars, and faid, “ that 
he had never been fo fhockcd at any execution, and that 

f Pnfquitr the Englifh had built up f a fcaff'olding of plafter (un 
echafaml Je platre) fo lofty, that he could not approach 
the culprit, which muft have caufed her fufferings to 
be long and horrid.” She was therefore, by fome mi- 
ufual contrivance, kept out of the reach and obferva- 
tion even of the executioners. 

Some time after, when public commiferation had 
fucceeded to a vindictive bigotry, a woman appeared 

\ Bifinire dc zt Metz J, who declared herfelf to be Joan of Arc. 
lfi’rl'Abbe was everywhe,e welcomed with zeal. At Or- 
Lenght. Seelean?» efpecially, where Joan was well known, (lie was 
elfo Me- received with the honours clue to the liberatrefs of the 
ianges Cu- town. She was acknowledged by both her brothers, 
— ^ Jean and Pierre d’Arc. On their teftimony die was 

'the manu- marr‘eci by a gentleman of the houfe of Ambdife in 
icript au- 1436. At their folicitation her fentence was annulled 
thorities d-in 1456. The Parifians, indeed, long remained incre- 
ted by the dulous : they muft elfe have puniftied thofe ecclefiaftics, 

whole humanity, perhaps, confpired with the bdhop 
of Beauvais to withdraw her from real execution down 
a central chimney of brick and mortar ; or, as the ex- 
ecutioner called it, a fcaffoldiugof plafter. The king, 
fov the woman feems to have fhunned no confronta- 
tion, is ftated to have received her with thefe words : 
“ Pncelle, m’amie, foye% la Ires bien revenue^ an nom de 
Dieu.” She is then laid to have communicated to him, 
kneeling, the artifice pradifed. Can this woman be an 
impoftor ? Our author thinks not, and appeals to 
Voltaire, who, in his profe works, feems willing to al- 
low that die was not, as is too commonly imagined, one 
of thofe half infane enthufiafts, employed as tools to 
work upon the vulgar ; whom the one party endeavour- 
ed to cry up as a prophetefs, and the other to cry 
down as a witch ; but that file was a real heroine, fu- 
perior to vulgar prejudice, and no lefs remarkable by 
force of mind than for a courage and ftrength unufual 
in her fex. T his opinion is certainly countenanced by 
her behaviour in adverfity, and during her trial, which 
was firm without infolence, and exalted without affec- 
tation. 

JONES (Sir William), who was ftyled by Johnfon 
the moft enlightened of men, was the fon of William 
Jones, Efq. one of the laft of thofe genuine mathema- 
ticians, admirers, and contemporaries of Newton, who 
cultivated and improved the fciences in the prefent cen- 
tury. Our author was born on the 28th of September 
1746, and received his education at Harrow fchool, 
under the care of Dr Robert Sumner, whom he has ce- 
lebrated in an eulogium which will outlaft brafs or 
marble. WT are told that he was I clafs-fellow with 
Dr Parr, and at a very early age difplayed talents which 
gave his tutor the moft promifing expectations, and 
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which have fince been amply juftified. From Harrow 
he was lent to Univerlity college, Oxford, where the 
rapidity and elegance of his literary acquifitions excited 
general admiration ; while a temper, ardently generous, 
and morals perfectly irreproachable, procured him tefti- 
monies of the molt valuable efteem. The grateful af- 
fection which he always cherifiied for that venerable 
feat of learning, did as much honour to his fenfibility, 
as Oxford herklf has received by enrolling him among 
the number of her fons. 

In the twenty-third year of his age he travelled 
through France, and refxded fome time at Nice, where 
he employed liirafelf very differently from molt other 
young men who make what is called the tour of Eu- 
rope. Man* and the influence of various forms of go- 
vernment, were the principal objects of his inveftigation; 
and in applying the refult of his inquiries to the ftate 
of his own country, he mingled the folicitudes of the 
Patriot with the honeft partialities of an Englifhman. 

Mr Jones’s firft literary work was a tranflation in- 
to French of a Perfian manufeript, entitled “ Hijloire 
Je Nadir Shah, cor.nu fous le nom de Thahmas Kult 
Khan, Empereur de Perfe," in two vols qto ; the hifto- 
ry of which performance we (hall give in his own 
words: “ A great northern monarch, who vifited 
this country a few years ago, under the name of the 
Prince of Travendal, brought with him an eaftern ma- 
nufeript, containing the life of Nadir 8hah, the late fo- 
vereign of Perfia, which he was defirous of having 
tranflated in England. The feeretary of ftate, with 
whom the Danifii minifter had converfed upon the fub- 
jeeff, fent the volume to me, requefting me to give a li- 
teral tranflation of it in the French language ; but I 
wholly declined the talk, alleging for my excufe the 
length of the book, the drynefs of the fubjedt, the dif- 
ficulty of the ityle, and chiefly my want both of lei- 
fure and ability to enter upon an undertaking fo fruit- 
lefs and fo laborious. I mentioned, however, a gentle- 
man, with whom I had not then the pleafure of being 
acquainted, but who had diitinguiflied himfelf by a 
tranflation of a Perfian hiftory, and was far abler than 
mylelf to fatisfy the king of Denmark’s expectations. 
Fhe learned writer, who had other works upon his 
hands, excufed himfelf on the account of his many en- 
gagements ; and the application to me was renewed. 
It was hinted, that my compliance would be of no fmall 
advantage to me at my entrance into life ; that it would 
procure me fome mark of diftinction which might be 
pleafing to me; and, above all, that it would be a reflec- 
tion upon this country, if the king fhould be obliged to 
carry the manufeript into France. Incited by thefe 
motives, and principally by the laft of them, unwilling 
to be thought churlifh or morofe, and eager for the 
bubble Reputation, I undertook the work, and fent a 
fpecimen of it to his Danifh Majefty; who returned his 
approbation of the ftyle and method, but delired that 
the whole tranflation might be perfedily literal, and the 
oriental images accurately preferved. The talk would 
have been far eafier to me, had I been directed to finifh 
it in Latin ; for the acquifition of a French ftyle was 
infinitely more tedious ; and it was neceffary to have 
every chapter corrected by a native of France, before 
it could be offered to the difeerning eye of the public, 
fince in every language there are certain peculiarities of 
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Jo^ee. Iciiom, and nice fhades of meaning, which a foreigner 

■"’"“v ' can never learn to perfection. But the work, how ar- 
duous and unpleafing foever, was completed in a year, 
not without repeated hints from the fecretary’s office 
that it was expefted with great impatience by the 
Court of Denmark.” The tranflation of the Hillory 
of Nadir Shah was publiihed in the fummer of the year 
i^yo, at the expence of the tranllator ; and forty co- 
pies upon large paper were lent to Copenhagen ; one 
of them bound with uncommon elegance for the king 

* 'Prifia tohimfelf, and the others as prefents to his courtiers *. 
what marks of dillindfion our author received, or 

73 what fruits he reaped for his labour, he has not thought 
proper to difclofe ; but if any dependence is to be 
placed on common fame, the reward bellowed upon 
him for this laborious talk eonlifted only in the thanks 
of his Danilh Majefty, and the honour of being enroll- 
ed in the Royal Society of Copenhagen. That dif- 
tinftion was indeed accompanied with a letter, recom- 
mending the learned tranllator to the patronage ot his 
own fovereign ; but, in the interim, his Iriend Lord 
Dartmouth, who was to have delivered it, had refign- 
ed his office of fecretary of llate, and the letter, we 
are told, was never prefented. 

There is reafon to think, that this early and fevere 
difappointment made a deep impreffion on his mind, 
and induced him to renounce the mufes for a time, and 
to apply himfelf with affiduity to the llndy of juril- 
prudence. This we think apparent, from the ftyle in 
which he writes of his return from the continent, and 
of the death of his beloved preceptor Dr Sumner. 

“ When I left Nice, (fays he) where I had refided 
near feven months, and after traverfmg almoit all France, 
returned to England, I moll ardently delired to pafs 
feveral years more in the lludy of polite literature ; as 
then, I thought, I might enter into public life, to 
which my ambition had always prompted me, more 
mature and prepared : but with this fruit of my leifure, 
either fortune, or rather Providence, the difpofer of all 
human events, would not indulge my doth ; for on a 
fudden, I was obliged to quit that very literature to 
which, from my childhood, I had applied myfelf; and 
he who had been the encourager and affiltant of my 
lludies, who had inllrudted, taught, formed me fuch as 
I was, or if I am any thing at all, Robert Sumner, 
within a year after my return, was fnatched away by 
an untimely death.” 

In 1771 Mr Jones publilhed Dijfertation fur la Lite- 
rature Orientate, 8vo, and this was followed by Lettre 
a Monjieur Du p***f duns /aquelle ejl compris 
/’ Examen de fa 1radu8ion des Livres altribues a Zoro- 
ajlre, 8vo. The diflertation offered a favourable fpe- 
cxmen of the author’s abilities as a linguill and as 
a critic ; and the letter contained a fpirited vindica- 
tion of the univerfity of Oxford, from the very fcurri- 
lous reproaches, in which its incompetency in Oriental 
literature was afferted by the illiberal tranflator of the 
fuppofed works of the Pedian philofopher. 

In the fame year he gave to the public, “ A Gram- 
mar of the Perfian language,” qto, and at the fame 
time propofed to republiffi Meninlki’s Di&kmary, with 
improvements from De Labrojfee’s Ga%ophylacium Lin- 
gua Perfarum, and to add in their proper place an Ap- 
pendix fubjoined to Gehanaguire’s Perlic Dictionary. 
The Grammar has been found extremely ufeful, and 
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has been reprinted feveral times ; but the defign of the Jcnes. 
Dictionary, though an object of even national impcr- 
tance, for want of due encouragement was obliged to 
be laid afide. 

In 1772 he publiihed “Poems; confifting chiefly 
of Tranflations from the Afiatic Languages. To which 
are added two Effays ; 1. On the Poetry of the Eaftern 
Nations. 2. On the Arts commonly called Imita- 
tive,” 8vo, which in 1777 he republiihed with the ad- 
dition of fome Latin Poems, every way worthy of their 
author. On the 18th June 1773, he took the degree 
of Mallet of Arts, and the fame year publilhed “ The 
Hiltory of the Life of Nadir Shah, King of Perfia. 
Extracted from an Eallern Manufcript, which was 
tranflated into French by order of his Majelly the King 
of Denmark. Wi h an Intrcducftion, containing, i.A 
Defcription cf Alia according to the Oriental Geogra- 
phers. 2. A fhort Hilhory of Perfia from the earliell 
Times to the prefent Centu x : And an Appendix, 
confilling of an Effay on Afiatic Poetry, and the Hif- 
tory of the Perfian Language, To which are added 
Pieces relative to the French Tranflation,” 8vo. Our 
author having at this period determined to (ludy the law 
as a profeffion, and to relinquilh every other purfuit, 
our readers will not be difpleafed with the following 
extract, relating to this refolution, which concludes the 
preface to the hillory now under conlideration : 

“ To conclude ; if any effential millakes be detect- 
ed in this whole performance, the reader will excufe 
them, when he reflects upon the great variety of dark 
and intricate points which are difcuffed in it ; and if the 
obfcurity of the fubject be not a fufficient plea for the 
errors which may be difcovered in the work, let it be 
confidered, to ule the words of Pope in the preface to 
his juvenile poems, that there are very few things in 
this collection which were not written under the age of 
five-and-twenty : moll of them indeed were compofed 
in the intervals of my leifu^e in the South of France, 
before I had applied myfelf to a lludy of a very differ- 
ent nature, which it is now my refolution to make the* 
foie object of my life. Whatever then be the fate of 
this production, I lhall never he tempted to vindicate 
any part ot it which may be thought exceptionable ; 
but fliall gladly refign my own opinions, for the fake 
of embracing others, which may feem more probable ; 
being perfuaded, that nothing is more laudable than 
the love of truth, nothing more odious than the oblli- 
nacy of perfilting in error. Nor lhall l eafily be in- 
duced, when I have dilburdened myfelf of two other 
pieces which are now in the prefs, to begin .any other 
work of the literary kind ; but fhall confine myfelf 
wholly to that branch of knowledge in which it is my 
chief ambition to excel. It is a painful confederation, 
that the profeffion of literature, by far the moll labo- 
rious of any, leads to no real benefit or true glory 
whatfoever. Poetry, fcience, letters, when they are 
not made the foie bufinefs of life, may become its or- 
naments in profperity, and its moll plealing confolation 
in a change of fortune ; but if a man addicts himfelf 
entirely to learning, and hopes by that, either to raife 
a family, or to acquire, what fo many wifli for, and fo 
few ever attain, an honourable retirement in his decli- 
ning age, he will find, when it is too late, that he has 
millaken his path ; that other labours, other lludies, are 
neceffary; and that unlefs he can affert his own inde- 
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pendcnce in a£live life, it will avail him little to be fa- 
voured by the learned, efteemed by the eminent, or re- 
commended even by kings. It is true, on the other 
hand, that no external advantages can make amends for 
the lofs of virtue and integrity, which alone give a 
perfedt comfort to him who pofleffes them. Let a 
man, therefore, who wifhes to enjyy, what no fortune 
or honour can bellow', the bleffing of felt-approbation, 
afpire to the glory given to Pericles by a celebrated 
hrilorian, of being acquainted with all ufeful know- 
ledge, of exprefling wdrat he knows with copioufnefs 
and freedom, of loving his friends and country, and of 
difdaining the mean purfuits of lucre and intereft : this 
is the only career on which an honeft man ought to 
enter, or from which he can hope to gain any fohd 
happinefs:,, 

The next year he publifhed Poefeos Aft atlas Com- 
ment a riorum JAbrl Sex, cum Appendice ; fubjicitur Limon, 
feu Mifcellaneorum Liber, 8vo ; and purfuing his pur- 
pofe of applying to the iludy of the law, we hear no 
more of him from the prefs (except the new' edition of 
his Poems), until the year 1779. lathis interval he 
was called to the bar, and attended Weftminller-hall 
and the Oxford circuit, where he obtained but little 
bufmefs. He was however appointed a commiffioner 
of bankrupts by Lord Bathurft, who is fuppofed to 
have intended to exert his intereft to procure his nomi- 
nation to the bench in the Eaft Indies. 

He published in this year, “ The fpeeches of Ifeus, 
in caufes concerning the law of fucceflion to propei'ty 
at Athens; with a preparatory difcourfe, notes critical 
and hiftorical, and a Commentary, 410.” In this valu- 
able work, the talents of the fcholar, the critic, and the 
lawyer, combine to elucidate a very important part of 
jurifprudence ; for, “ though deep refearches into the le- 
gal antiquities of Greece and Rome (as he obferves in 
liis Commentary) are of greater ufe to fcholars and 
contemplative perfons, than to lawyers and men of 
huimefs; though Bradion and Lyttleton, Coke and 
Rolle, are the proper objefts of our ftudy ; yet the 
ableft advocates, and wifeft judges, have frequently em- 
bellilhed their arguments with learned allufions to an- 
tient cafes ; and fuch allufions, it muft be allowed, are 
often ufeful, always ornamental; and, when they are 
introduced without pedantry, never fail to pleafe.” 
The work was dedicated in a ftyle of refpe&ful grati- 
tude to his patron Lord Bathurft. 

In the year 1780, we find our author a candidate 
to reprefent in parliament the univerfity of Oxford. He 
had for fome time refided but little in the univerfity, 
and therefore laboured under feme difadvantages ; but 
he did not meanly court the fupport of any man. In 
3 paper, which was circulated on that occalioa, his 
friends, who were numerou-s, declare, that they have 

neither openly folicited, nor intend openly to folicit,. 
votes for Mr Jones within the Univerfity itfelf, becaufe 
he will never become the inftrument of difturbing the 
calm feat of the Mufes, by confenting to any fuch fo- 
licitation for himfelf or for any man whatever. His 
own applications have been, are, and will be, confined 
to thofe only who have profefled a regard for him, and 
who have no votes themfel-ves : the Mailers of Arts in a 
great univerfity, whole prerogative is cool reafon and 
impartial judgment; muft never be placed on a level 
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with the voters of a borough, or the freeholders of a 
county. Even in proceeding thus far, he does not fet 
the example, but follows it ; and his friends would ne- 
ver have printed any paper, if they had not thought 
themfelves juftified by the conduct of others. 

“ For the firft and the laft time, they beg leave to 
fuggeft, that no exertions muft be fpared by thofe who 
either perfonally or by reputation, approve the charatter 
of Mr Jones ; into which, both literary and political, as 
well as moral, his friends defire and demand the ftridlcft 
ferutiny. For his univerfity he began early to pro- 
voke, and polfibly to incur, the difpleafure of great and 
powerful men : For his univerfity he entered the lifts 
with a foul-mouthed and arrogant Frenchman, who had 
attacked Oxford in three large volumes of mifreprefen- 
tation and feurrility : For his univerfity he reiigned, 
for a whole year, his favourite ftudies and purfuits, to 
fave Oxford the diferedit of not having one of her fons 
ready to tranflate a tedious Perfian manufeript. To 
Oxford, in fhort, he is known to be attached by the 
ftroitgeft poffible ties; and only regrets the neceffity of 
abfenting himfelf from the-place in which of all others 
he moft delights, until the event of the prefent compe- 
tition /hall either convince him that he has toiled in vain 
as a man of letters, or /hall confer on him the great- 
eft reward to which he can afpire. The unavoid- 
able difadvantage of being fo late propofed, and the 
refpeftable fupport with which he is now honoured, 
will fecure I ’m in all events from the leaft difgrace.55 

The application was unfuccefsful, chiefly becaufe his 
own college had fixed upon another candidate, from a 
perfuafion that the immediate appointment of Mr Jones 
to a feat, then vacant on the bench of judges in India, 
was morally certain. 

The riots of that year gave occafion to another 
publication of our author, entitled, “ An Inquiry in- 
to the legal Mode of fuppreffing Riots ; with a confti- 
tutional Plan of future Defence,” 8vo ; and in 1781 he 
publi/hed “ An Effay on the Law of Bailments,” 8vo, 
a very mafterly treatife, which did great honour to his 
legal abilities. In this laft work he inculcates the ne- 
ceftity of deeply exploring the grounds of the common 
law ; and fpeaking of Blackftone, (he fays) “ his com- 
mentaries are the moft correfl and beautiful outline 
that ever was exhibited of any human fcience ; but they 
alone will no more form a lawyer, than a general map 
of the world, how accurately and elegantly foever it 
may be delineated, will make a geographer.” 

In this year he likewife recalled his mufe in an Ode on 
the nuptials of Lord Vifcount Althorpe, who had been 
his pupil, to Mifs Lavinia Bingham. This beautiful 
little poem is preferved in the European Magazine for 
January 1785, and we think in other periodical publi- 
cations. 

From many circumftances which might be colletled 
together, it would appear that our author at this junc- 
ture did not coincide in opinion with thofe who had the 
direftion of government, nor did he approve the-mea- 
fures at that period adopted,—With thefe fentiments 
he feems to have been felefted as a proper perfon to be 
introduced as a member of the Conftitutional Society. 
Could he have forefeen the degeneracy of fuch affocia- 
tions, there is reafon to believe that he would have de- 
clined what he condefcended to accept as an honour ; 
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Jone^. for though an ardent friend to liberty. 
 my to theoretical innovation, and declares, in a lettei 

to the fecretary, that by the term conftitution, he un- 
derftands, “ the great fyilem of public, in contradic- 
tion to private and criminal law, which compnfes a,i 
thofe articles which Blackftone arranges, in his hn. 
volume, under the rights of perfons, and ot which he 
gives a perfpicuous analyfis. Whatever then relates to 
the rights of perfons, either abfolute rights, as the en- 
joyment of liberty, fecurity, and property, or relative, 
that is, in the public relations of magiilrates and people, 

• makes a part of that majeftic whole, which we proper- 
ly call the conftitution. This conftitutional or public 

" law is partly unwritten, and grounded upon immemo- 
rial ufage, and partly written or enadted by the legit- 
iative power ; but the unwritten, or common law, con- 
tains the true fpirit of our conftitution : the wutten 
has often moft unjuftitiably altered the form of it ; the 
common law is the colledled wifdom of many centuries, 
having been ufed and approved by fucceffive genera- 
tions ; but the ftatutes frequently contain the whims of 
a few leading men, and fometimes oi the mere indivi- 
duals employed to draw them.,, 

In 1782 he publifhed “The Mahomedan Law 01 
Succeffion to the Property of Inteftates, in Arabic, 
with a verbal Tranftation and explanatory Notes. 4to. 

At length the poft of one of the judges in the Lait 
Indies, which had been kept vacant live years, was de- 
termined upon being lifted up ; and our author, on the 
4th March 1783, was appointed to that ftation, and 
cn the 20th received the honour of knighthood. On 
the 8th of April he married Mifs Shipley, eldeft daugh- 
ter of the Biftiop of St Afaph, and almoft immediately 
embarked for the Indies. He had previoully publilh- 
ed “ The Moallakat ; or, Seven Arabian Poems, which 
were fufpended on the Temple at Mecca, with a tranf- 
lation and Arguments,” gto. To this it was intend- 
ed to add a preliminary difeourfe and notes.— I he for- 
mer to comprife obfervations on the antiquity of the 
Arabian language and letters ; on the dialedls and eha- 
rafters of Himyar and Koraifh, with accounts of fome 
Himyariek poets ; on the manners of the Arabs in the 
age immediately preceding that of Mahomed ; on the 
temple at Mecca, and the" Moallakat, or pieces of poe- 
try fufpended on its walls or gate ; laftly, on the lives 
of the Seven Poets, with a critical hiitory ot their 
works, and the various copies or editions of them pre- 
ferved in Europe, Afia, and Africa. I he latter to 
contain authorities and reafons for the tranflation of 
controverted paflages ; to elucidate all the oblcuie 
couplets, and exhibit or propofe amendments of the 
text; to diretft the reader’s attention to particular 
beauties, or point out remarkable defeAs ; and to throw 
light on the images, figures, and allufions of the Ara- 
bian poets, by citations either from writers of their 
own country, or from fuch of our European travellers 
as heft illuftrate the ideas and cuftoms of Eaftern na- 
tions. This difeourfe and the notes have not yet ap- 
peared. At his departure for the eaftern world, he 
left, in manufeript, with his brother-in-law the Dean of 
St Afapb, a little trad, entitled “ The Principles of 
Government, in a Dialogue between a Scholar and a 
Peafant.” This celebrated dialogue being afterwards 
publifhed by the Dean; and widely circnlated by the 
Society for "conftitutional information, the Dean was 
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he was an ene- profecuted for pubhfhing a libel, and, if our memory , J ^ 

deceives us not, was found guilty. 
Sir William Jones now dropt for ever all concern in 

party politics, and applied himfelf to purfuits more 
worthy of his talents. During his voyage to India, he 
conceived the idea of the Afiatic Society, of which an ac- 
count has been given under the title SocieTiks (Encycl), 
and of whofe refearches five volumes, replete with much 
curious information, are now before the public. But ar- 
dently as his mmd was attached to general literature and 
fcience, he was by no means inattentive to the profefiional 
duties of his high ftation. He had indeed, to ufe his own 
expreffion, an “ undiffembled fondnefs for the ftudy* of 
jurifprudence * ;” and in the chara&er of a judge, dif-* T.awof 
played the profound knowledge and irreproachable inte- Bmlments. 
grity, which, before his promotion, pervaded his reafon- 
ings as a lawyer, and governed his conduft as a man. 
Unfortunately the intenfe ardour of application, which 
produced his frequent contributions to the flock of hu- 
man knowledge, added to the unfavourable influence of 
the climate, greatly impaired his health. On this ac- 
count, after a refidence of about fifteen years in India, 
he made preparations for returning to England ; but 
death interpofed ; and this illuftrious ornament of fcience 
and virtue was taken from the worldysn the 27th of 
April 1794, in the 48th year of his age. “ It is to 
the fhame of fcepticifm (as one of his biographers well 
obferves), to the encouragement of hope, and to the 
honour of genius, that this great man was a fincere be- 
liever in the doArines of Chriilianity, and that he was 
found in his clofet in the attitude of addreffing his 
prayer to God.” We fhall give his character as it 
was drawn by Sir John Shore, Baronet, (now Lord 
Teignmouth) in a difeourfe delivered at a meeting of 
the Afiatic Society, held on the 22d of May 1794. 

“ His capacity for the acquifition of languages has 
never been excelled. In Greek and Roman literature, 
his early proficiency was the fubjeA of admiration and 
applaufe ; and knowledge of whatever nature, once ob- 
tained by him» was ever afterwards progreflive. The 
more elegant dialeAs of modern Europe, the French, 
the Spanifti, and Italian, he fpoke and wrote with 
the greateft fluency and precifton ; and the German 
and Portuguefe were familiar to him. At an early 
period of life his application to Oriental literature com- 
menced ; he ftudied the Hebrew with eafeand fuccefs; 
and many of the moft learned Afiatics have the can- 
dour to avow, that his knowledge of Arabic and Per- 
lian was as accurate and extenfive as their own ; he was 
alfo converfant in the Turkifh idiom, and the Chinefe 
had even attraAed his notice fo far as to induce him to 
learn the radical charaAers of that language, with a 
view perhaps to farther improvements. It was to be 
expeAed, after his arrival in India, that he would eager- 
ly embrace the oppoitunity of making himfelf mailer 
of the Sanfcrit ; and the moft enlightened profeflbrs of 
the doArines of Brahma confefs with pride, delight, 
and furprife, that his knowledge of their facred dialeA 
was moft critically correA and profound. The Pan- 
dits, who were in the habit of attending him, could 
not, after his death, fupprefs their tears for his lofs, nor 
find terms to exprefs their admiration at the wonderful 
progrefs he had made in their fciences. 

“ Before the expiration of his twenty-fecond year, 
he had completed his Commentaries on the Poetry of 
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Jones, the Afiatics, although a confiderable time afterwards 

» "■ elapfed before their publication; and this work, if no 
other monument of his labours exiiled, would at once 
furnifh proofs of his confummate ikill in the Oriental 
dialedts, of his proficiency in thofe of Rome and Greece, 
of tafie and erudition far beyond his years, and of ta- 
lents and application without example. 

“ But the judgment of Sir William Jones was too 
difcerning to conlider language in any other light than 
as the key of fcience, and he would have defpifed the 
reputation of a mere linguift. Knowledge and truth 
were the objefts of all his ftudies. and his ambition was 
to be ufeful to mankind ; with thefe views he extended 
his refearches to all languages, nations, and times. 

<£ Such were the motives that induced him to pro- 
pofe to the government of India, what he jufily denomi- 
nated a work of national utility and importance, the 
compilation of a copious JDigell of Hindu and Mahome- 
dan .Law, from Sanfcrit and Arabic Originals, with an 
offer of his fervices to fuperintend the compilation, and 
with a promife to tranflate it. He had forefeen, pre- 
vious to his departure from Europe, that without the 
aid of fuch a work, the wife and benevolent intentions 
of the legillature of Great Britain, in leaving to a cer- 
tain extent the natives of thefe provinces in pofieffion 
of their own laws, could not be completely fulhlled ; 
and his experience, after a fhort refidence in India, con- 
firmed what his fagacity had anticipated, that without 
principles to refer to, in a language familiar to the 
judges of the courts, adjudications amongft the natives 
muft too t>ften be fubjedf to an uncertain and erroneous 
expofition, or wilful mifinterpretation of their laws. 

“ To the fuperintendance of this work, which was 
immediately undertaken at his fuggeftion, he afiiduouf- 
ly devoted thofe hours which he could fpare from his 
profefiional duties. After tracing the plan of the Di- 
geft, he prefcribed its arrangement and mode of execu- 
lion, and fele&ed from the moil learned Hindus and Ma- 
homedans fit perfons for the tafk of compiling it : flat- 
tered by his attention, and encouraged by his applaufe, 
the Pandits profecuted their labours with chearful zeal 
to a fatisfadfory conclufion. The Molavees have alfo 
nearly finifhed their portion of the work ; but we muft 
ever regret, that the promifed tranllation, as well as the 
meditated preliminary diflertation, have been fruftrated 
by that decree, which fo often intercepts the perform- 
ance of human purpofes. 

“ During the courfe of this compilation, and as auxi- 
liary to it, he was led to ftudy the works of Menu, re- 
puted by the Hindus to be the oldeft and holiefl of le- 
giflators ; and finding them to comprife a fyftem of re- 
ligious and civil duties, and of law in all its branches, 
fo co nip rehen five and minutely exadt, that it might be 
confidered as the Inftitutes of Hindu Law, he prefent- 
ed a tranflation of them to the government of Bengal. 
During the fame period, deeming no labour exceffive 
or fuperfluous that tended in any refpedf to promote 
the welfare or happinefs of mankind, he gave the pub- 
lic an Englifh verlion of the Arabic Text of the Sira- 
jiyah or Mahomedan Law of Inheritance, with a Com- 
mentary. He had already (as has been obferved) pub- 
lifiied in England a tranflation of a trad! on the fame 
fubjedf by another Mahomedan lawyer, containing, as 
his own words exprefs, ‘ a lively and elegant Epitome 
of the Law of Inheritance of Zaid.’ 
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“ To thefe learned and important works, fo far out Jore». 

of the road of amufement, nothing could have engaged v-— 
his application but that defire which he ever profefied, 
of rendering his knowledge ufeful to his nation, and be- 
neficial to the inhabitants of thefe provinces. 

“ I fhould fcarcely (continues Lord Teignmouth) 
think it of importance to mention, that he did not dif- 
dain the office of editor of a Sanfcrit and Perfian work, 
if it did not afford me an opportunity of adding, that 
the latter was publiihed at his own expence, and was 
fold for the benefit of infolvent debtors. A fimilar ap- 
plication was made of the produce of Sirajiyah.” 

But nothing exhibits the large grafp of Sir William 
Jones's mihd in fo linking a point of view as a paper 
in his own hand writing, which came into Lord Teign- 
mouth’s poflelfion after his death. It was intitled De- 
siderata, and propofed for invefiigation the following 
fubjedls relating to the eaftern world. 

India. — i. The antient geography of India, &c. 
from the Puranas. 2. A botanical defcription of Indian 
plants, from the Colhas, &c. 3. A grammar of the 
Sanfcrit language, from Panini, &c. 4. A dictionary 
of the Sanfcrit language, from the 32 original vocabu- 
laries and NiruCti. 5. On the ancient mufic of the 
Indians. 6. On the medical fubftances of India, and 
the Indian art of medicine. 7. On the philofophy of 
the ancient Indians. 8. A tranllation of the Veda. 
9. On ancient Indian geometry, ailronomy, and algebra. 
10. A tranllation of the Puranas. 11. A tranllation 
of the Mahabbara and Ramayan. 12. On the Indian 
theatre, &c. &c. 13. On the Indian conllellations, 
with their mythology, from the Puranas. 14. The 
hiltory of India before the Mahomedan conqueft, from 
the Sanfcrit Calhmir Hillories. 

Arabia. —15. The hiltory of Arabia before Maho- 
med. 16. A tranflation of the Harnafa. 17. A tranf- 
lation of Hariri. 18. A tranllation of the Facahatul 
Khulafa. Of the Cafiah. 

Perfia.—19. The hiltory of Perfia, from authorities 
in Sanfcrit, Arabic, Greek, Turkilb, Perfian ancient 
and modern, Firdaufi’s Khrofrau nama. 20. The five 
poems of Nizami, tranflated in profe. 21. A dictio- 
nary of pure Perfian Je changire. 

China.—22. A tranfiation of Schi-cing. 23. The 
text of Can-fu-tfu, verbally tranllated. 

'Tartary.—24. A hiltory of the Tartar nations, 
chiefly of the Moguls and Othmans, from the Turkilh 
and Perfian. 

“ We are not authorifed (fays his Lordfhip) to con- 
clude, that he had himfelf formed a determination to 
complete the works which his genius and knowledge 
had thus fleetched ; the talk feems to require a period 
beyond the probable duration of any human life ; but 
we, who had the happinefs to know Sir William Jones ; 
who were witnefles of his indefatigable perfeverance in 
the purfuit of knowledge, and of his ardour to accom- 
plilh whatever he deemed important ; who faw the ex- 
tent of his intellectual powers, his wonderful attainments- 
in literature and fcience, and the facility with which all 
his compofitions were made—cannot doubt, if it had 
pleafed Providence to protraCt the date of his exiltence, 
that he would have ably executed much of what he had 
fo extenfively planned.” 

We have already enumerated attainments and works 
which, from their diverfity and extent, feem far beyond 
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Tones, the capacity of the mofl: enlarged minds 5 but the ca- 

’—V  talogue may yet be augmented. To a proficiency in 
the languages of Greece, Rome, and Aha, he added 
the knowledge of the philofophy of thofe countries, 
and cf every thing curious and valuable that had been 
taught in them. The doftrines of the Academy, the 
Lyceum, or the portico, were not more familiar to him 
than the tenets of the Vedas, the myfticiim of the Sufis, 
or the religion of the ancient Perfians ; and whilft, with 
a kindred genius, he perufed with rapture the heroic, 
lyric, or moral compoiitions of the molt renowned poets 
of Greece, Rome, and Alia, he could turn with equal 
delight and knowledge to the fublime {peculations or 
mathematical calculations of Barrow and Newton. With 
them alfo he profefied his conviction of the truth ct the 
Chriltian religion ; and he jultly deemed it no mconfi- 
derable advantage, that his refearches had corroborated 
the multiplied evidence of Revelation, by confirming 
the Mofaic account of the primitive world. 

In hiseightlf anniverfary difeourfe to the Afiatic So- 
ciety, be thus exprefles himfelf: “Theological inquiries 
are no part of my prefent fubjedt ; but I cannot refrain 
from adding, that the collection of trads which we cab, 
from their excellence, the Scriptures, contain, indepen- 
dently of a divine origin, more true fublimity, more ex- 
quifite beauty, purer morality, more important hiitory, 
and finer {trains both of poetry and eloquence, than 
could be colledted within the fame compafs from all 
other books that were ever compofed in any age, or 
any idiom. The two parts, of which the Scriptures 
confift, are conneded by a chain of compofitions, which 
hear no refemblance in form or flyle to any that can be 
produced from the {lores of Grecian, Indian, feifian, 
or even Arabian learning ; the antiquity of thefe com- 
pofitions no man doubts, and the unitrained applica- 
tion of them to events long fubfequent to their publi- 
cation, is a folid ground of belief that they were ge- 
nuine predidions ; and confequently infpired. 

There' were, in truth, few fciences in which he had 
not acquired confiderable proficiency ; in moil, his 
knowledge was profound. The theory of mu tic was 
familiar to him ; nor had he negleded to make himfelf 
acquainted with the interefting dilcoveries lately made 
in chemillry ; “ and I have heard him (laysLoid I eign- 
mouth) affert, that his admiration of the itvudure of 
the human frame had induced him to attend for a fea- 
fon to a courfe of anatomical lectures, delivered by his 
friend the celebrated Hunter.” 

His laft and favourite purfuit was the ftudy of bo- 
tany, which he originally began under the confinement 
of a fevere and lingering diforder, which with molt 
minds would have proved a disqualification from any 
application. It conftituted the principal amufement of 
his leifure hours. In the arrangements of Linnaeus, he 
difeovered fyftem, truth, and fcience, which never fail- 
ed to captivate and engage his attention ; and from the 
proofs which he has exhibited of his progrefs in botany, 
we may conclude that he would have extended the dif- 
eoveries in that fcience. 

It cannot be deemed ufelefs or fuperfluous to inquire 
by what arts or method he was enabled to attain to a 
degree of knowledge almoft univerfal, and apparently 
beyond the powers of man, during a life little exceed- 
ing 47 years. 

The faculties of his mind, by nature vigorous, were 
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improved by conflant exercife ; and his memory, by _ Hne>- 
habitual praftice, had acquired a capacity of retaining 
whatever had once been impreffed upon it. To an un- 
extinguifhed ardour for univerfal knowledge, he joined 
a perfeverance in the purfuit of it which fubdued all ob- 
ftades ; his ftudies began with the dawn, and, during 
the intermifiions of profeffional duties, were continued 
throughout the day; reflection and meditation {Length- 
ened and confirmed what induflry and inveftigation had 
accumulated, It was a fixed piinciple wuth him, from 
which he never voluntarily deviated, not to he deterred 
by any difficulties that were furmountahle from profe- 
cuting to a fuccefsful tci ruination what he had once de- 
liberately undertaken. 

But what appeared more particularly to have en- 
abled him to employ his talents fo much to his own and 
the public advantage, was the regular allotment of his 
time, and a fcrupulous adherence to the diftribution 
which he had fixed ; hence all his itudies were purfued 
without interruption orconfufion. He colle&ed infor- 
mation, too, from every quarter; juftly concluding, that 
fomething might be learned from the illiterate, to whom 
he liftened with the utmoft candour and complacency. 

Lord Teignmouth, addreffing himfelf to the Afiatic 
Society, fays, “ Of the private and focial virtues of 
our lamented Trefident, our hearts are the heft records. 
To vou who knew him, it cannot be neceflavy for me 
to expatiate on the independence of his integrity, his 
humanity, probity, or benevolence, which every living 
creature participated ; on the affability of his conver- 
fation and manners, or his modeft, unaffuming deport- 
ment : nor need I remark, that he was totally free 
from pedantry, as well as from arrogance and felf-fuffi- 
ciency, which fometimes accompany and difgrace the 
greateft abilities. His prefence was the delight of every 
fociety, which his converfation exhilarated and impio- 
ved ; and the public have not only to lament the lofs 
of his talents and abilities, but that of his example. 

“ To him, as the founder of our inftitution, and 
whilft he lived its firmeft fupport, our reverence is more 
particularly due. Inllrudted, animated, and encoura- 
ged by him, genius was called forth into exertion, and 
modeft merit? was excited to diftinguifh itfelf. Anxious 
for the reputation of the fociety, he was indefatigable 
in bis own endeavours to promote it, whilit he cheer- 
fully a Hided thofe of others. In lofing him, we have 
not only been deprived of our brighteft ornament, but 
of the guide and patron, on whole inftrudtions, judge- 
ment, and candour, we could implicitly rely.” Though, 
thefe are the fentiments, not only of Lord leign- 
mouth, hut, we believe, of every man of letters, we 
trull there is dill left in Bengal a fufficient love of let- 
ters and of fcience to carry on the plan which was form- 
ed by the genius of Sir William Jones.. 

JONES1A, is a very handfome middling-fixed ra- 
mous tree, found in gardens about Calcutta. In the 
Sanfcrit it is called Sis'oca, and in the Bengalefe RuJ- 

fuck ; but the name Jonefia was given to it by the Afia- 
tic Society, who confecrated it to the memory of their 
firft prefident Sir Wiliam Jones. It is. thus deferibed 
by Dr Roxburgh, a member of that fociety : 

“ Calyx, two-leaved, corol, one-petalled, piftil-bearing, 
bafe of the tube impervious ; ftamens long, afeending, 
inferted into the margin of a glandulous nedtaral ring, 
which crowns the mouth of the tube, the uppermolt two 
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jf>nefia, two of which more diftant ; flyle declining. Legume 

Journals. turgid. Trunk ereft, though not very ftraight. Bark 
dark brown, pretty fmooth. Branches numerous, fpread- 
ing in every dire&ion, fo ‘as to form a mc<ft elegant fha- 
dy head. Leaves alternate, abruptly feathered, ftfille, 
generally more than a foot long ; when young, pendu- 
lous and coloured. Leajlets oppolite, from four to fix 
pair, the lowermoft broad lanced, the upper lanced ; 
fmooth, fliining, firm, a little waved, from four to eight 
inches long. Petiole common, round, and fmooth. Sti- 
pule axillary, folitary ; in f.uft a procefs from the bafe 
of the common petiole, as in many of the graffes and 
rnonandrifts, &c. Umbels terminal and axillary ; be- 
tween the ftipule and braucblet, globular, crowded, fub- 
feflile, eredt. Brads, a fmall hearted one under each 
divilion of the umbel. Peduncle and pedicles fmooth, 
coloured. Flowers very numerous, pretty large; when 
they lidt expand they are of a beautiful orange colour, 
gradually changing to red, forming a variety of lovely 

\ fhades ; fragrant during the night. Calyx perianth, 
below two-leaved, leaflets fmall, nearly oppofite, co- 
loured, hearted, bradte-like, marking the termination of 
the pedicle, or beginning of the tube of the corol. Co- 
rd one-petalled, funnel-form ; tube flightiy incurved, 
firm, and flelhy, tapering towards the bafe (club funnel- 
fhaped) and there impervious ; border four parted ; di- 
vifion fpreading, fuborbicular ; maigins molt flightiy 
woolly : one third the length of the tube. NeSary, a 
ftimeniferous and pifliliferous ring crowns the mouth of 
the tube. Stamens, fllaments generally feven ; and fe- 
•ven muft, I think, be the natural number ; viz. three 
on each fide, and one below, above a vacancy, as if the 
place of an eighth filament, and is occupied on its infide 
by the pitlil; they are equal, dirtindf, afcending from 
three to four times longer than the border of the corol. 
Anthers uniform, fmall, incumbent. Pijlil, germ ob- 
long, pediceled ; pedicle inferted into the infide of the 
nedtary, immediately below the vacant fpace already 
mentioned ; ftyle nearly as long as the ftamens, decli- 
ning ; ftigma Ample. Pericarp, legume fcimeter-formed, 
turgid, outfide reticulated, otherwife pretty fmooth ; 
from fix to ten inches long, and about two broad. Seeds 
generally from four to eight, fmooth ; grey, fize of a 
large chefnut.” 

The Jonefia flowers at the beginning of the hot fea- 
fon, and its feeds ripen during the rains. The plants 
and feeds were originally brought to Calcutta from the 
interior parts of the country, where it is indigenous. 
N. B. Many of the flowers have only the rudiment of 
a piftil. In Plate XXX. A is a branchlet of the natu- 
ral fize. B, A fingle flower a little magnified ; a a the 
calyx. C, A fedfion of the fame, exhibiting four of the 
ftamens, 1 1 1 1 the piftil z, and how far the tube is 
perforated. D, A fimilar fediion of one of the abortive 
flowers ; 3 is the abortive fiftil. E, The ripe legume 
opening near the bafe, natural fize. Note, The Ipaee 
between the b and c marks the original tube of the co- 
ral. F, One of the feeds, natural fize. G, The bafe 
of the common petiole, with its ftipule; aa, the petioles 
of the lower pair of leaflets. 

JOURNAES, the title of periodical publications. 
See Encyclopad'ta. The principal Britifh Journals are : 
The Hijlory of the Works of the Learned, begun at Lon- 
don in 1699. Cenfura Temporum, in 1708. About 
the fame time there appeared two new ones; the one 

under the title of Memoirs of Literature, containing Joirngj 
little more than an Englifn tranflation of feme articles II 
in the foreign Journals, by M. de la Roche ; the other, lrcian^ 
a colledtion of loofe tradis, entitled, Bibliotheca Curiofay v~ 
or a Mifcellany. Thefe, however, with fume others, 
are now no more, but are fucceeded by the Annual Rc- 
gifler, which began in 1758 ; the New Annual Regi- 
fler, begun in 1780; the Monthly Review, which be- 
gan in the year 1749, and gives a charadter of all Eng- 
lifli literary publications, with the moft confiderable of 
the foreign ones : tiie Critical Review, which began in 
1756, and is nearly on the fame plan : as alfo the Lon- 
don Review, by Dr Kenrick, from 1775 to 1780-; 
Maty's Review, from Feb. 178210 Aug. J786; the 
Eng/ifh Review, begun in Jan. 1783 ; and the Analy- 
tical Review, begun in May 1788, dropt in 1708, and 
revived in 1799, under the title of the New Analytical 
Review ; but again dropt after two or three mpntha . 
trial : the Britifh Critic, begun in 1792, and {till car- 
ried on with much fpirit and ability : the Anti-Jacobin 
Review and Magazine, commenced in 1798, for the me- 
ritorious purpofe of counteradfing the pernicious ten- 
dency of French principles in politics and religion : the 
Arew London Review, January 1799: A Journal of 
Natural Philofophy, Chemiflry, and the Arts, which was 
begun in 1797 by Mr Nicholfon, and has been conduct- 
ed in fuch a manner, that it is one of the moft valuable 
works of the kind to be found in any language : the 
Philofophical Magazine, begun in 1798 by Mr Tilloch, 
and carried on upon much the fame plan, and with much 
the'fame fpirit, as Nicholfon’s Journal. 

Befides thefe, we have feveral monthly pamphlets, 
called Magazines, which, together with a chronologi- 
cal feries of occurrences, contain letters from correfpon- 
dents, communicating extraordinary difeoveries in na- 
ture and art, with controverfial pieces on all fubjedfs. 
Of thefe, the principal are thofe called the Gentleman's 
Magazine, which began with the year 1731 ; the Lon- 
don Magazine, which began a few months after, and 
has lately been difeontinued ; the Univerfal Magazine, 
which is nearly of as old a date ; the Scotch Magazine, 
which began in 1739, and is ftill continued ; the .£«- 
ropean Magazine ; and the Monthly Magazine, a mif- 
ceilany of much information, but not of good principles. 

JOYST or Jeyst, the fecond month of the Bengal 
year. 

IRELAND has been fo fully deferibed, and its hif- 
tory fo amply detailed, in the Encyclopaedia, that it is 
introduced here only to notice its legillative union with 
Great JBitain. Such a meafure had been often wiftied 
for by the more intelligent Irifh, who could not but 
hope, from a union, advantages to their country fimilar 
to thofe which Scotland had reaped from her union 
with England ; but it was at all times dreaded by the 
city of Dublin, and by thofe individuals who preferred 
the empty and unmeaning found of national indepen- 
dence to future profperity. The rebellion, however, 
which raged in Ireland during the year 1798, and the 
danger which was then apprehended of its final fepara- 
tion from Britain, and union with France, made the wi- 
fer ftatefmen in both iflands think ferioufly of a legiila- 
tive union. The meafure, after much oppofition from 
the pretended patriots of both countries, who made it 
a rule to oppofe whatever originated with adminiftra- 
tion, was finally accompliftied, and the royal affent gi- 
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ven to the aft of union on the 2d of July 1800 
that aft, the Irilh are admitted to a fhare of all the trade 

* of Great Britain, except fuch as is confined to charter- 
ed companies, and is of coune not free to the inhabi- 
tants of Britain at large. The Irilh commons are re- 
prcfented by a hundred members in the houfe of com- 
mons at Wertminfter ; the Irilh peerage, fpiritual and 
temporal, by four bifhops and twenty-eight lay-lords, 
chofen by the bifhops and peers of Ireland, to hold their 
feats for life : and the fovereign is now ftyled King of 
the United Kingdom of Great Britain and Ireland; ha- 
ving, with proper dignity, dropt the empty title of 
King of France. Ireland Hill retains her own laws and 
courts of juftice, not excepting even the court of chan- 
cery ; and his majefty is reprefented in Dublin by a 
lord lieutenant, as when the two iflands were two king- 
doms. Ireland is likewife exempted from all concern 
with the debt of Great Britain contrafted before the 
union ; in which refpeft the terms granted to her are 
preferable to thofe which had been granted by England 
to Scotland ; and her contribution to the imperial ex- 
pences is as 1 to yk- Fhis article, however, from the 
probable increafe of her trade, might in time prove ex- 
travagantly favourable ; it is therefore fubjeft to revi- 
fal by the imperial parliament in the courfe of twenty 
years. There is one lingular claufe in this aft of union, 
of which the propriety has been queftioned by men of 
the firft-rate abilities who were friendly to the meafure : 
Such Irifh peers as are not elefted into the houfe of 
lords may be chofen as reprefentatives of Britifh towns 
and counties in the houfe of commons, provided that, 
while they are members of that houfe, they relinquifh 
all the privileges of the peerage. 

IRON is by much the moll ufeful of all the metals, 
as has been fufficiently proved under the article Iron, 
Encycl. and under Chemistry in this Supplement. The 
word is again introduced here, becaufe it affords us an 
opportunity of laying before our readers fome valuable 
obfervations by Chaptal on the ufe of the oxides of iron 
in dyeing cotton. 

“ The oxide of iron has fuch an affinity for cotton 
thread, that if the latter be plunged in a faturated folu- 
tion of iron in any acid whatever, it immediately affumes 
a chamoy yellow colour, more or lefs dark, according 
to the llrength ot the liquors. It is both a curious 
and eafy experiment, that when cotton is made to pafs 
through a folution of the fulphat of iron, rendered tur- 
bid by the oxide which remains fufpended in the liquor, 
it will be fufficierit to dip the cotton in the bath to 
catch the laft particle of the oxide, and to reftore to the 
liquor the tranlparency it has loft. The folution then, 
which before had ayellowifh appearance, becomes more 
or lefs green, according as it is more or lefs charged. 

“ The colour given to cotton by the oxide of iron 
becomes darker merely by expofure to the airy and this 
colour, foft and agreeable when taken from the bath, 
becomes harfli and ochry by the progreffive oxidation 
of the metal. The colour of the oxide of iron is very 
fall : it refills not only the air and water, but alfo al- 
kaline leys, and foap gives it fplendour without fenfibly 
diminifhing its intenlity. It is on account of thefe pro- 
perties that the oxide of iron has been introduced into 
the art of dyeing, and been made a colouring principle 
of the utmoft value. 

“ In order that the oxide of iron may be conveniently 
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By applied to the cotton thread, it is neceifary to begin by _ 

effefting its folution ; and, in this cafe, acids are em- 
ployed as the moll ufeful folvents. Dyers almoft every- 
where make a my fiery of the acid which they employ ; 
but it is always the acetous, the fulphuric, the nitric, 
or the muriatic. Some of them aferibe great differences 
to the folution of iron by the one or the other acid ; 
but, in general, they give the preference to the ace- 
tous. This predileftion appears to be founded much 
lefs on the difference of the colours that may be com- 
municated by the one or the other fait, than on the 
different degrees of corrofive power which each exerciles 
on the fluff. That of the fulphat and muriat is fo great, 
that if the fluff be not wafhed when it comes from the 
bath, it will certainly be burnt ; whereas folutions by 
the acetous, or any other vegetable acid, are not at- 
tended with the like inconvenience. 

“ Iron appears to be at the fame degree of oxyda- 
tion in the different acids, fince it produces the fame 
{hade of colour wrhen precipitated; and any acid folvent 
may be employed indifcriminately, provided the nature 
of the fait, and the degree of the faturation of the acid, 
be fufficiently known ; for the fubfequent operations 
may be then direfted according to this knowledge, and 
the inconveniences which attend tne ufe of fome of 
thefe falls may be prevented. This, without doubt, is 
a great advantage which the man of fcience enjoys over 
the mere workman, who is incapable of varying his 
procefs according to the nature and Hate of the falls 
which he employs. 

“ 1. If the fulphat of iron, or any other martial fait, 
be diftolved in water, and cotton be dipped in the li- 
quid, the cotton will affiime a chamoy colour, more or 
lefs dark according as the folution is more or lefs char- 
ged. The affinity of the cotton to the iron is fo great, 
that it attrafts the metal, and takes it in a great mea- 
fure from the acid by which it was diffoved. 

« 2. If the iron of a pretty ilrong folution be preci- 
pitated by an alkaline liquor that (hews five or fix de- 
grees (by the areometer of Baumc), the refult will be 
a greenifii blue magma. The cotton macerated in this 
precipitate aftumes at firll an unequal tint of dirty 
green ; but mere expofure to the air makes it in a little 
time turn yellow, and the ffiade is very dark. 

“ It is by fuch, or almoft fimHar proceffes, that dyers 
communicate what is called among workmen an ochre- 
ox rujl colour. But thefe colours are attended with fe- 
verai inconveniences to the artift : 1. Strong fliades 
burn or injure the cloth 1 2. This coloui is harfli, dif- 
agreeable to the eye, and cannot be eafily united wii-h; 
the mild colours fnrnifhcd by vegetables.” 

To avoid thefe inconveniences, our author made fe- 
veral attempts, which led him to the following piaclice. 
He treads the cotton cold in a folution of the fulphat of 
iron, marking three degrees; he wrings it carefully, and 
immediately plunges it in a ley of potafh at two de- 
grees, upon which he has previoufty poured to fatu- 
ration a folution of the fulphat of alumine : the colour 
is then brightened, and becomes infinitely more deli- 
cate, foft, and agreeable. The fulphat no longer at- 
tacks the tiffue of the Huff; and after the cotton has 
been left in the bath for four or five hours, it is taken 
out to be wrung, wafhen, and dried. In this manner 
we may obtain every (hade that can be wifhed, by gra- 
duating the ftrength of the folutions. This fimple pro-* 
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Iron. cefs, the theory of which prefents itfelf to the mind of 

r every chemift, has the advantage of furnifliing a colour 
very agreeable, exceedingly fixed, and, above all, ex- 
tremely economical. He employs it with great advan- 
tage in dyeing nankeens, as it has the property of refill- 
ing leys. It becomes brown, however, by the attion 
of aftringents. 

M. Chaptal made feveral attempts to combine this 
yellow with the blue of indigo, in order to obtain a du- 
rable green ; but as they were all unfuccefsful, be infers 
that there is not a fufficient affinity between the blue of 
indigo and the oxides of iron. He found that thefe 
oxides, on the other hand, combine very eafily with the 
red of madder, and produce a bright violet or plum co- 
lour, the ufe of which is as extenfive as beneficial in 
the cotton manufactory. But if we ffiould confine our- 
felves to apply thefe two colours to cotton, without 
having employed a mordant capable of fixing the latter, 
the colour would not only remain dull and difagreeable 
by the impoffibility of brightening it, but it would ftill 
be attended with the great inconvenience of not refift- 
ing leys. We muft begin, then, by preparing the cot- 
ton as if to difpofe it for receiving the Adrianople red ; 
and when it has been brought to the operation of gal- 
ling, it is to be paired through a folution of iron, more 
or ids charged, according to the nature of the violet 
required : it is then to be carefully wafhed, twice mad- 
dered, and brightened in a bath of foap. 

When a real velvety rich violet is required, it is not 
to be palled through the folution of iron, till it has been 
previoufly galled ; the iron is then precipitated in a 
bluifh oxide, which, combined with the red of madder, 
gives a moil brilliant purple, more or lefs dark accord- 
ing to the flrength of the galling and of the ferrugi- 
nous folution. It is very difficult to obtain an equal 
colour by this procefs ; and in manufactories, an equal 
violet is confide,red as a mafter-piece of art. It is ge- 
nerally believed, that it is only by well-directed ma- 
nipulations that it is polhble to refolve this problem, of 
fo much importance in dyeing. But lam convinced 
(fays pur author), that the great caufe of the inequali- 
ty in this dye is, that the iron depofited on the cotton 
receives an oxidation merely by expofure to the air, 
which varies in different parts of it. The threads which 
are on the outfide of the hank are ftrongly oxidated, 
while thofe in the infide, removed from the action of 
the air, experience no change. It thence follows, that 
the infide of the hank prefents a weak (hade, while the 
exterior part exhibits a violet alrnoft black. The means 
to remedy this inconvenience is, to wafh the cotton 
when it is taken from the folution of iron, and to ex- 
pofe it to the madder moift. The colour will become 
more equal and velvety. The folvents of iron are ai- 
med the fame for this colour as for the yellow colour 
already mentioned. 

The following obfervation may ferve to guide the ar- 
tid in brightening the violet on his cotton. The red 
of madder and the oxide of iron depofited on the dud' 
determine the violet colour. This colour becomes red 
or blue, according as either of the principles predomi- 
nates. Hie dyer knows by experience how difficult it 
is to obtain a combination which produces the tone of 
colour defired, efpecially when it is required to be very 
full, lively, and durable. This objeft, however, may 
be obtained, not only by varying the proportions of the 

two colouring principles, but alfo by varying the ora- don. 
cefs of brightening. The only point is to be acquaint- v—' 
ed with the two following fafts; that the foda dedroys 
the iron, while the foap, by drong ebullition, feizes in 
preference the red of the madder. Hence it is, that the 
colour may be inclined to red or blue, according as you 
brighten with one or the other of thefe mordants. 
Thus, cotton taken from the madder dye, when wafhed 
and boiled in the brightening liquor with ,’^tlis of foap, 
will give a fuperb violet; whereas you will obtain only 
a plum colour in treating it with foda. 

The oxide of iron precipitated on any duff unites 
alfo very advantageoufly with the fawn colour furnilhed 
by adringents ; and by varying the drength of mor- 
dants, an infinity of ffiades may be produced. In this 
cafe, it is lefs a combination or folution of principles 
than the fimple mixture or juxta-pofition of the colour- 
ing bodies on the dulf. By means of a boiling heat, 
we may combine, in a more intimate maimer, the oxide 
of iron with the adringent principle ; and then it is 
brought to the date of black oxide, as has been obfer- 
ved by Berthollet. It is poffible alfo to embrown thefe 
colours, and to give them a variety of tints, from the 
bright grey to the deep black, by merely paffing the 
cottons impregnated with the adringent principle thro’ 
a folution of iron. The oxide is then precipitated itfelf 
by the principle which is fixed on the duff. 

An obfervation, jvhicb may become of the utmod 
value for the art of dyeing, is, that the mod ufual a- 
dringent vegetables all furnifh a yellow colour, which 
has not much brilliancy, but which has fufficient fixity 
to be employed with advantage. This yellow colour 
is brightened in the feries of vegetables, in proportion 
as the adringent principle is diminifhed, and the vivaci- 
tv of the colour is augmented in the fame proportion. 
It is difficult, then, to obtain yellow colours which are 
at the fame time durable and brilliant. Thefe two va- 
luable qualities are to each other in an inverfe ratio ; 
but it is poffible to unite the colouring principles in 
fuch a manner as to combine fpiendour with fixity. 
Green oak bark unites perfectly with yellow weed, and 
fumach with green citron. It is by this mixture that 
we may be able to combine with the oxide of iron ve- 
getable colours, the fpiendour of which is equal to their 
durability. 

Our author concludes his obfervations with caution- 
ing the dyer againd fubdituting lumach and the bark 
of the alder tree or oak for gall when dyeing cotton 
red. “ I can fafely.affert (fays he), that it is impof- 
lible to employ theie as fubditutes, in whatever doles 
they may be ufed. The colour is always much paler, 
poorer, and lefs fixed. I.know that the cafe is not the 
fame in regard to dyeing wool and filk, in which it 
may be employed with fuceefs ; and in giving an ac- 
count of this difference, I think the caufe of it may be 
found in the nature of the gall-nuts. 1. The acid w'hich 
they exclultvely contain, as Berthollet has proved, faci- 
litates the decompofition of the foap with which the 
cottons have been impregnated, and the oil then remains 
fixed in their tiffue, and in a greater quantity, as well 
as in a more intimate combination. 2. The gall-nuts, 
which owe their development to animal bodies, retain a 
charafter of animalifation, which they tranfmit to the 
vegetable duff, and by thefe means augment its affini- 
ties with the colouring principle of the madder ; for it 
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>tial Js well known of what utility animal fubflances are to 

facilitate this combination. This animalifation becomes 
ufelefs in operating upon woollen or filk.” 

IRRATIONAL N umbers or Quantities, are the 
fame as furds, for which fee Ai.gebra, Encyd. 

IRREDUCIBLE Case, in algebra, is ufed for 
that cafe of cubic equations where the root, according 
to Cardan’s rule, appears under an impoffible or ima- 
ginary form, and yet is real. 

It is remar}i.able that this cafe always happens, viz. 
one root, by Cardan’s rule, in an impoflible form, 
whenever the equation has three real roots, and no im- 
pofilble ones, but at no time elfe. 

If we were poffcficd of a general rule for accurately 
extradling the cube root of a binomial radical quanti- 
ty, it is evident we might refolve the irreducible cafe 
generally, which confills of two of fuch cubic bino- 
mial roots. But the labours of the algebraills, from 
Cardan down to the prefent time, have not been able 
to remove this difficulty. Dr Wallis thought that he 
bad difcovered fuch a rule ; but, like moil others, it is 
merely tentative, and can only fucceed in certain parti* 
cular circumftances. 

JUAN de Fuca, a celebrated,ftrait «n the north- 
welt coait of America, was furveyed by Captain Van- 
couvre in the Difcovery Hoop of war, with a view to 
afcertain whether it leads to any communication be- 
tween the North Pacific and the North Atlantic O- 
ceans. As they advanced within the opening of the 
ftrait, their progrefs was greatly retarded by the num- 
ber of inlets into which the entrance branched in every 
diredfion ; and moil of thefe were examined by the 
boats, which were frequently abfent from the ffiips on 
this fervice for feveral days together. In the midft of 
their labours, they were lurprifed by the light of two 
Spaniffi veffels of war, employed, like themfelves, in 
furveying this inlet, the examination of which had been 
begun by them in the preceding year. Meafures of 
mutual affiftance were concerted between the captains of 
the two nations for the profectxtion of the furvey, in 
which each agreed to communicate to the other their dil- 
coveries. Not one of the many arms of the inlet, nor of 
the channels which they explored in this broken part 
of the coaft, was found to extend more than 100 miles 
to the eaftward of the entrance into the ftrait. After 

■having furveyed the fouthern coaft, on which lide a ter- 
mination was difcovered to every opening, by follow- 
ing the continued line of the ffiore, they were led to 
the northward, and afterward towards the north-weft, 
till they came into the open fea through a different 
channel from the ftrait of Juan de Fuca, by which they 
had commenced this inland navigation. 

Thus it appeared, that the land forming the north 
fide of that ftrait is part of an ifland, or of an archipe- 
lago, extending nearly 100 leagues in length from S. 
E. to N. W.; and on the lide of this land moft diftant 
from the continent is iituated Nootka Sound. T he 
moft peculiar circumftance of this navigation is the ex- 
treme depth of water, when contrafted with the narrow- 
nefs of the channels. The veflels were fometimes drift- 
ed about by the currents during the whole of a night, 
clofe to the rocks, without knowing how to help them- 
felves, on account of the darknefs, and the depth being 
much too great to afford them anchorage. 
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In the courfe of this furvey, the voyagers had fie- 

quent communications with the natives, whom they met 
fometimes in canoes and fometimes at their villages. In 
their tranfadlions with Europeans, they are defcribed 
as “ well verfed in the principles of trade, which they 
carried on in a very fair and honourable manner.” In 
other refpedts they were lefs honeft. At one village 
200 fea otter Ikins were purchafed of them by the crews 
of the veffels in rhe courfe of a day ; and they had 
many more to fell in the fame place, as alfo fkins of 
bears, deer, and other animals. One party of Indians 
whom they met had the Ikin of a young lionefs ; and 
thefe fpoke a language different from that ufed in 
Nootka Sound. Venifon was fometimes brought for 
fale; and a piece of copper, not more than a foot fquare, 
purchafed one whole deer and part of another. Among 
other articles of traffic, two children, fix or feven years 
of age, were offered for fale. The commodities moft 
prized by the natives were fire-arms, copper, and great 
coats. Beads and trinkets they would only receive as 
prefents, and not as articles of exchange. Many of 
them were poffeffed of fire-arms. In one part it is re- 
lated, that after a chief had received fome prefents, “ he, 
with moft of his companions, returned to the ffiore ; 
and, on landing, fired feveral mulkets, to ffiew, in all pro- 
bability, with what dexterity they could ufe thefe wea- 
pons, to which they feemed as familiarized as if they had 
been accuftomed to fire-arms from their earlieil infancy.” 

The dreffes of thefe people, befides Ikins, are a kind 
of woollen garments; the materials compofing which 
are explained in the following extract : 

*“ The dogs belonging to this tribe of Indians were 
numerous, and much refembled tbofe of Pomerania, 
though, in general, fomewhat larger. They were all 
Ihorn as clofe to the Ikin as ffieep are in England ; and 
fo compaCl were their fleeces, that large portions could 
be lifted up by a corner without caufing any feparation. 
They were compofed of a mixture of a coarfe kind of 
wool, with very fine long hair, capable of being fpun into 
yarn. This gave Captain Vancouver reafon to believe, 
that their woollen clothing might in part be compofed of 
this material mixed with a finer kind of wool from fome 
other animal, as their garments were all too fine to be 
manufaCdured from the coarfe coating of the dog alone.” 

Of other animals alive, deer only were feen in any 
abundance by our people. 

The number of inhabitants computed to be in the 
largeft of the villages or towns that were difcovered, 
did not exceed 600. Captain Vancouver conje&ured 
the fmall-pox to be a difeafe common and very fatal 
among them. Many were much marked ; and moft of 
thefe had loft their right eye. Their method of dii- 
pofing of their dead is very lingular. 

“ Balkets were found fufpended on high trees, each 
containing the Ikeleton of a young child ; in fome of 
which were alfo fmall fquare boxes filled with a kind of 
white palle, refembling (fays our author) fuch as I had 
feen the natives eat, fuppofed to be made of the faranne 
root; fome of thefe boxes were quite full, others were 
nearly empty, eaten probably by the mice., fqnirrels, or 
birds. On the next low point fouth of our encampment, 
where the gunners were airing the powder, they met 
with feveral holes in which human bodies were interred, 
ffightly covered over, and in different ftates of decay, 
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fome appearing to have been very recently depofited. 
About half a mile to the northward of our tents, where 
the land is nearly level with high water mark, a few 
paces within the Ikirting of the wood, a canoe was 
found fufpended between two trees, in which were three 
human fkeletons. 

“ On each point of the harbour, which, in honour 
of a particular friend, I called Penn’s Cove, was a defert- 
ed village ; in one of which were found feveral fepul- 
chres, formed exaftly like a centry box. Some ot them 
were open, and contained the fkeletons ot many young 
children tied up in bafkets : the {mailer bones of adults 
were likewife noticed, but not one of the limb bones 
could here be found ; which gave rife to an opinion, 
that thefe, by the living inhabitants of the neighbour- 
hood, were appropriated to ufeful purpofes ; fuch as 
pointing their arrows, fpears, or other weapons.’’ 

However honourable thefe people have been repre- 
fented in their condudt as traders, it appeared on feve- 
ral occafions that it was unfafe to depend on their good- 
will alone : and fume inftances occurred, of their ma- 
king every preparation for an attack, from which they 
defifted only on being doubtful of the event ; yet im- 
mediately on relinquifiling their purpofe, they would 
come with the greatell confidence to trade, appearing 
perfeftly regardlefs of what had before been in agita- 
tion. The boats, as already noticed, were frequently 
at a great diftance from the fhips ; and on fuch occa- 
fions, when large parties of Indians have firft feen them, 
they generally held long conferences among themfelves 
before they approached the boats ; probably for the 
purpofe of determining the mode of conduft which 
they judged it moft prudent to obferve. Captain Van- 
couver places the entrance of the ftrait of Juan de Fu- 
ca in 48° 20' N. Lat. and 1240 W. Long. 

JUGGLERS are a kind of people whofe profeffion 
has not been often deemed either refpedfable or ufeful. 
Profeffor Beckmann, however, has undertaken their de- 
fence ; and in a long and learned chapter in the third 
volume of his Hijlory of Inventions, pleads the caufe of 
the praftifers of legerdemain ; rope-dancers ; perfons 
who place their bodies in pofitions apparently danger- 
ous ; and of thofe who exhibit feats of uncommon 
ftrength. All thefe men he places under the general 
denomination of Jugglers; and taking it for granted 
(furely upon no good grounds) that every ufeful em- 
ployment is full, he contends, that there would not be 
room on the earth for all its prefent inhabitants did not 
fome of them praflife the arts of Juggling. 

“ Thele arts (fays he) are indeed not unprofitable, 
for they afford a comfortable fubfiftence to thofe who 
pradtife them ; but their gain is acquired by too little 
labour to be hoarded up ; and, in general, thefe roving 
people fpend on the fpot the fruits of their ingenuity ; 
which is an additional reafon why their flay in a place 
fhould be encouraged. But farther, it often happens, 
that what ignorant perfons firft employ, merely as a fhowf 
for amufemeht or deception, is afterwards ennobled by 
being applied to a more important purpofe. The ma- 
chine with which a Savoyard, by means of fhadows, 
amufed children and the populace, was by Liberkiihn 
converted into a folar microfcope ; and, to give one ex- 
ample more, the art of making ice in fummer, or in a 
heated oven, enables guefts, much to the credit of their 

hoftefs, to cool the moft expenfive difhes. The Indian Jt’gglert, 
difeovers precious ftones, and the European, by polifh-' 
ing, gives them a luftre. 

“ But, if the arts of juggling ferved no other end 
than to amufe the moft ignorant of our citizens, it is 
proper that they fhould be encouraged for the fake of 
thofe who cannot enjoy the more expenfive deceptions 
of an opera. They anfwer other purpofes, however, 
than that of merely amufing ; they convey inftrudtion 
in the moft acceptable manner, and ferve as an agreeable 
antidote to fuperftition, and to that popular belief in 
miracles, exorcifm, conjuration, forcery, and witchcraft, 
from which our anceftors fuffered fo feverely.” 

Surely this reafoning, as well as the caufe in which 
it is brought forward, is unworthy of the learning of 
Beckmann It is indeed true, that jugglers fpend their 
money freely, and that their arts afford them the means 
of fubfiftence ; but it is very feldom, as our author mult 
know, that they fubfift either comfortably or innocently. 
Is it innocent to entice the ignorant and labouring poor, 
by ufelefs deceptions, to part with their hard-earned 
pittance to idle vagabonds ? or is the life of thofe vaga- 
bonds comfortable, when it is paffed amidft feenes of the 
moft grovelling diffipation ? Jugglers fpend indeed their 
money, for the moft part on the fpot where it is gain- 
ed; but they fpend it in drunkennefs, and other feducing 
vices, which corrupt their own morals and the morals of 
all with whom they affociate ; and therefore their ftay 
in a place fhould certainly not be encouraged. Could 
it be proved that the folar microfcope would never have 
been invented, had not a Savoyard juggler contrived a. 
fimilar machine to amufe children and the rabble, fome 
ftrefs might be laid on the fervice which fuch wretches 
have rendered to fcience : but where is the man that 
wull fuppofe the philofophy of Bacon and Newton to 
reft upon the arts of juggling ? or wdio confiders the re- 
finements of fcience as of equal value with the morals 
of the people ? There is, at the moment in which this- 
article is drawing up, a fellow exhibiting, before the 
wnndows of the writer’s chamber, the moft indecent 
feenes by means of puppets, and keeping the mob in a 
conftant roar. Is he innocently employed ? or wn’ll any 
good man fay that there is not room for him in the ar- I799‘ 
mies which on the Continent are fighting in the caufe 
of God and humanity ! 

Our author endeavours to ftrengthen his reafoning 
by proving, wFich he does very completely, the anti- 
quity of juggling. “ The deception (fays he) of 
breathing out flames, which at prefent excites, in a par- 
ticular manner, the aftonifhment of the ignorant, is very 
ancient. When the flaves in Sicily, about a century 
and a half before our asra, made a formidable infurrec- 
tion, and avanged themfelves in a cruel manner for the 
feverities which they had fuftered, there was amongft 
them a Syrian named Eunus, a man of great craft and 
courage, who, having pafied through many feenes of 
life, had become acquainted with a variety of arts. He 
pretended to have immediate communication with the 
gods ; was the oracle and leader of his fellow flaves 4 
and, as is ufual on fuch occafions, confirmed his divine 
miflion by miracles. When, heated by enthufiafm, he 
was defirous of infpiring his followers with courage, he 
breathed flames or fparks among them from his mouth 
while he was* addrefling them. We are told by hifto- 

rians. 
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Jugglers rians, that for this purpofe he pierced a nut-fhell at both 
  v" ends, and, having tilled it with fome burning fubttance, 

put it into his mouth and breathed through it. 
“ This deception at prefent is performed much better. 

The juggler rolls together fame flax or hemp, fo as to 
form a ball about the iize of a walnut ; fets it on fire ; 
and fuffers it to burn till it is nearly confumed ; he then 
rolls round it, while burning, fome more flax ; and by 
thefe means the fire may be retained in it for a long time. 
When he wifhes to exhibit, he flips the ball unperceived 
into his mouth, and breathes through it ; which again 
revives the fire, fo that a number of weak fparks proceed 
from it; and the performer fuflains no hurt, provided he 
infpire the air not through the mouth but the noftrils. 

“ For deceptions with fire the ancients employed al- 
fo naphtha, a liquid mineral oil, which kindles when it 
only approaches a flame (fee Naphtha, Encycl.) Ga- 
len informs us, that a ptrfon excited great aftonifhment 
by extinguifhing a candle and again lighting it, with- 
out any other procefs than holding it immediately againft 
a wall or a ftone. The whole fecret of this confifted in 
having previoufly rubbed over the wall or flone with 
fulphur. But as the author, a few lines before, fpeaks 
erf a mixture of fulphur and naphtha, we have reafon to 
think that he alludes to the fame here. Plutarch re- 
lates how Alexander the Great was aftonifhed and de- 
lighted with the fecret effedls of naphtha, which were 
exhibited to him at Ecbatana. The fame author, as 
well as Pliny, Galen, and others, has already remarked, 
that the fubftance with which Medea deftroyed Creufa, 
the daughter of Creon, was nothing elfe than this fine 
oil. She fent to the unfortunate princefs a drefs be- 
fmeared with it, which burfl into flames as foon as fhe 
approached the fire of the altar. The blood of Neflus, 
in which the drefs of Plercules, which took fire like- 
wife, had been dipped, was undoubtedly naphtha alfo ; 
and this oil mufl have been always employed when of- 
ferings caught fire in an imperceptible manner. 

“ In modern times, perfons who could walk over 
burning coals or red-hot iron, or who could hold red- 
hot iron in their hands, have often excited wonder. 
But laying afide the deception fometimes praftifed on 
the fpedfators, the whole of this fecret confifts in ren- 
dering the flvin of the foies of the feet and hands fo 
callous and infenfible, that the qerves under them are 
fccured from all hurt, in the fame manner as by fhoes 
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and gloves. Such calloiity will be produced if the fkin Jugglers, 
is continually compreffed, finged, pricked, or injured in —-'V'—- 

any other manner. Thus do the fingers of the induf- 
trious fempftrefs become horny by being frequently 
pricked ; and the cafe is the fame with the hands of 
fire-workers, and the feet of thofe who walk bare-foot- 
ed over fcorching fand. 

“ In the month of September 1765, when I vifited 
(fays our author) the copper-works at Aweflad, one of 
the workmen, for a little drink-money, took fome of 
the melted copper in his hand, and after fhewing it to 
us, threw it againfl a wall. He then fqueezed the fin- 
gers of his horny hand clofe to each other ; put it a few 
minutes under his arm pit, to make it fweat, as he faid; 
and, taking it again out, drew it over a ladle fdled with 
melted copper, fome of wdiich he fkimmed off, and mo- 
ved his hand backwards and forwards, very quickly, by 
way of oftentation. While I was viewing this perform- 
ance, I remarked a fmell like that of fmged horn or 
leather, though his hand was not burnt. It is highly pro- 
bable that people wdio hold in their hands red hot iron, 
or who walk upon it, as I faw done at Amfterdam, but 
at a diflance, make their fkin callous before, in the like 
manner. This may be accomplifhed by frequently moift- 
ening it with fpirit of vitriol : according to fome, the 
juice of certain plants will produce the fame effedt; and 
we are aflured by others, that the fit in mull; be very 
frequently rubbed, for a long time, with oil, by which 
means, indeed, leather alfo will become horny*.” * Ha/:Vr, 

Our author then proves, in a very learned manner, Element* 
that all thefe tricks were of high antiquity ; that the Phtfolog. 
Hirpi, who lived near Rome, jumped through burning 
coals ; that women were accuHomed to walk over burn- 
ing coals at Caflabala in Cappadocia, near the temple de- 
dicated to Diana ; that the exhibition of balls and cups 
(fee Legerdemain, Encycl.) is often mentioned in the 
works of the ancients ; that in the third century, one 
Firmus or Firmius, who endeavoured to make hinifelf 
emperor in Egypt, fuffered a fmith to forge iron on an 
anvil placed on his breaft ; that rope dancers with ba- 
lancing poles are mentioned by Petronius and others ; 
and that the various feats of horfemanfhip exhibited in 
our circufes pafied, in the 13th century, from Egypt 
to the Bvzantine court, and thence over all Europe. 

JUNGLE, in Bengal, watle land, or laud covered 
with wood and brambles. 

K. 
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Kaarta. T^" A ART A, a kingdom in Africa, through which 
>—-V —' ' X\k- Mr Park pafied in his route from the Gambia to 

the Niger. He defcribes the country as confifting ei- 
> ther of fandy plains or rocky hills ; but, from his ac- 

count, the level part feems to be the moft extenfive. 
The natives are negroes, of whom many, though con- 
verted to the Mahomedan faith, or rather to the cere- 

K A A 
monial part of the Mahomedan religion, retain all their 
ancient fupcrftitions, and even drink ftrong liquors. 
They are called Johers or Jowers, and in Kaarta form 
a very numerous and powerful tribe. One of thefe men 
undertook to conduft our author to Kemmoo, the ca- 
pital of the kingdom, and alarmed him not a little by 
his fuperftitious ceremonies. 

F * “ We 

Kaarta. 
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“ We had no fooner (fays Mr Park) got into a dark beard, 

and lonely part of the firft wood, than he made a fign 
_ for ns to ftop, and taking hold of a hollow piece of 

bamboo, that hung as an amulet round his neck, whift- 
led very loud three times 1 confefs I was fomewhat 
flartled, thinking it was a fignal for fome of his compa- 
nions to come ami attack us ; but he alfured me that it 
was done merely.with a view to afcertain what fuccefs 
we were likely to meet with on our prefent journey. 
He then difmounted, laid his fpear acrofs the road, and 
having fakl a number of Ih'ort prayers, concluded with 
three loud whiftles ; after which he liftened for fome 
time, a? if in expectation of an anfwer, and receiving 
none, told us we might proceed without fear, for there 
was no danger.” 

White men were ftrangers in the kingdom of Kaarta; 
and the appearance of our author had on fome of the 
natives the effect which ignorant people, in this coun- 
try, attribute to ghofts. “ I had wandered (fays he) 
a little from my people, and being uncertain whether 
they were before or behind me, I battened to a rifing 
ground to look about me. As I was proceeding to- 
wards this eminence, two negro horfemen, armed with 
mufkets, came galloping from among the buihes : on 
feeing them I made a full ftop ; the horfemen did the 
fame, and all three of us feemed equally furprifed and 
confounded at this interview. As I appi cached them 
their fears increaftd, and one of them, after calling up-' 
on me a look of horror, rode off at full fpeed ; the 
other, irr a panic of fear, put his hand over his eyes, 
and continued muttering prayers until his horfe, feem- 
ingly without the rider’s knowledge, conveyed him 
ftowly after htspcompaniom About a mile to the weft- 
ward, they fell in with my attendants, to w'hom they 
related:a frightful ftory: it feems their fears had dreffed 
me in the flowing robes of a tremendous fpirit; and one 
of them affirmed, that w hen 1 made my appearance, a 
cold blaft of wind came pouring down upon him from 
the Iky like fc> much cold water.” 

At Kemmoo our traveller w'as gracioully received by 
the king-; who honeftly told him, however, that he could 
Dot protect him, being then engaged in war with the 
king of Bambarra (fee Sego in this Supplement); but 
he gave him a guard to Jarra, th$ frontier town of the 
neighbouring kingdom of Lmdamar. The origin and 
iflue of this war between Kaarta and Bambara, of which 
Mr Park gives a full account, {hews the folly of attempt- 
ing to liberate the negroes from flavery till civilization 
and Chriftianity be introduced into Africa. Major Ren- 
nH places Kemmoo, the capital of Kaarta, in 140 15' 
N. Lat. and 70 20'W. Long. 

KABOBIQUAS, a nation in South Africa, wdio 
had never feen a white man till 1785, that they were 
vilited by M. Vaillant. Intimation had been given of 
his approach by fome of the tribes through whofe 
country he had previoufly paffed ; and every thing that 
had been faid of his colour, his fufees, and his equipage, 
bore the character of the moft enthufiaftic exaggeration. 
The curiofity of the people was wound up to the high- 
eft pitch ; and as foon as they faw his company at a di- 
ftance, the whole horde quitted the kraal, and ran with 
eagernefs to meet him. Not being able to believe their 
eyes in regard to what they faw, they endeavoured to 
obtain more fatisfa&ion by touching him. They felt 
his hair, hands, and almoft every part of his body. His 
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above all, aftoniflied them to an inconceivable 

degree. More than thirty perfons came in fucceffion, 
and half unbuttoned his clothes. They all imagined 
him to be a hairy animal; and fuppoftd, w'ithout doubt, 
that his body wms covered with hair as long as that on 
his chin ; but finding this not to be the cafe, they 
were aftonifhed, and confeffed, with the opennefs of fa- 
vages, that they had never feen the like in any man of 
their country. The little children, terrified at his ap- 
pearance, hid themfelves behind their mothers. When 
he attempted to lay hold of any of them, in order to 
carefs them, they fent forth loud cries, as a child 
would do in Europe who fhould fee a negro for the iirft 
time. 

The grown up people, however, were foon reconciled 
to his appearance, and even the children were bribed by 
fmall bits of fugar candy. The chief of the horde-ffiewed 
him every mark of attachment. He was a man advan- 
ced in life, and of a majeftic figure. He wore a long 
mantle, which hung from his {boulders to the ground, 
and which, formed of four jackal {kins joined together, 
was bordered at the fides with that of a hyaena. His- 
left hand wanted two joints of the little finger, which, 
he faid^, were amputated iu his infancy to cure him of 
a fevere illnefs. 

Tin's cuftom of favages, who, to relieve a man from 
pain, add new fufferings to his evils, affords a vaft field 
for reflection. Mr Paterfon, another African travel- 
ler, tells us, that he obferved inftances of the fame prac- 
tice among a horde at the mouth of Orange-river; which 
is not improbable. However abfurd a cuftom may bey. 
favage tribes, when they are neighbours, may borrow 
it from each other ; but that it ihould be common a- 
mong the iflanders of the South Sea, who, fince their 
country was firft inhabited, had never feen ftrangers be- 
fore Cook and Bougainville, is truly aftoniftiing. Our 
author was very defirous of interrogating minutely the 
people of the horde on this fubjecft. He wiflied alio to 
propofe fome queftions to them refpefting other cuftoms 
which appeared Angular ; but difficulties increafed the* 
more he advanced into the country. The Kabobiquas 
fpoke a particular language ; and this dialect, though, 
accompanied with the clapping noife of the Hottentots, 
was underftood only by the Koraquas, who, on account 
of their vicinity, kept up fome intercourfe with them'. 
The cafe was the fame with the language of the Kora- 
quas, in regard to their neighbours the Nimiquas ; and 
nothing reached our author’s ear till it had paffed 
through four different mouths. The confequence wasr 
that when he alked any thing, the anfwer had frequent- 
ly no relation to the queftion ; and for this inconve- 
niency no remedy could be found. 

The fame defire for trinkets to ornament their drefs 
prevailed among the Kabobiquas as among the other 
hordes which Vaillant had vifited ; and in one day he 
purchafed 20 oxen for things of that kind of no value. 
The chief, however, had fet his affe&iens on a razor ; 
and juft when our author and he were treating about it, 
a {hot was fired near them, which was inftantly followed 
by the moft frightful cries. “ Ruffiing inftantly from my 
tent (fays M. Vaillant) to inquire what was the caufe of 
this noile, I faw a Kabobiqua flying as faft as he could 
from one of my hunters, while, at the diftance of a 
hundred paces farther, three men were making the moft; 
lamentable clamour, and near them was a young girl 
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Kabobl- lying on the ground. I made a fignal to my hunter to 

<luas approach me; but the report of the fhot, and the howl- 
’.—'v—- ing of the three men, had already fpread alarm through- 

out the horde. 8ome cried out treachery ; others ran 
to their arms ; and I now imagined that I was about 
to be maflacred, with my whole company, and that I 
fhould be obliged to arm them in my defence. My fi- 
tuation was the more critical, as neither I, nor any 
perfon in the kraal, knew what was the caufe of this 
confufion ; and if I had known, how could I have ex- 
plained it ? 

“ Under this embarrafTment, I took the chief by the 
hand, and advanced with him towards the horde. Fear 
was painted in his countenance ; tears began to drop 
from his eyes; and he fpoke to me with great vivacity. 
He imagined, no doubt, that he was betrayed He 
complained to me, and accufed my people of perfidy ; 
vet he readily followed me. 

“ As I was without arms, and prefented myfelf with 
the chief, 1 was received with confidence, and my ap- 
pearance feemed, in fome meafure, to calm their pertur- 
bation. My people, who had feen me diredl my courfe 
towards the kraal, haftened thither after me, to proteft 
me ; and their number overawed the multitude. At 
length the whole myflery w'as cleared up, and we learn- 
ed what had occafioned the tumult. 

“ A Kabobiqua having met one of my hunters, who 
was returning with his fufee, wilhed to examine it, and 
begged him to Ihew it to him. In handling it, how- 
ever, he accidentally touched the trigger ; it inltantly 
went olf; and the favage, frightened by the unexpected 
exptofion, threw down the fufee, and ran away as fall as 
he could. 

“ At that time, three men of the horde and a young 
girl happened unluckily to be handing, at the diltance 
of a hundred paces, in the direction of the piece. The 
latter received a tingle grain of thot in the cheek ; and 
the others a few grains in the legs and thighs. The 
author of the misfortune confirmed this explanation ; 
tranquillity was foon reftored; the favages depolited 
their arms ; and I was furrounded only by friends as 
before. 

“ Nothing remained but to enquire into the hate of 
the wounded, and to give them every affiftance in my 
power. Without lofs of time, therefore, I repaired, 
hill accompanied by the chief, to the place where they 
were. By the way we met the young girl, who was 
returning from the kraal, bathed in tears. The caufe 
of her uneafinefs was a grain of lead, which had, how- 
ever, penetrated fo little, that I forced it out by only 
preffing the part with my fingers. With regard to the 
three men, they lay rolling on the ground, howling in 
a moll frightful manner, and exhibiting every fymptom 
of defpair. 

“ I was aftonifhed at their conflernation, and could 
not conceive how men inured to fufferings fhould be fo 
much affeCled by a few fmall punClures, the pain of 
which could have fcarcely drawn tears from an infant. 
They at length told me the caufe of their wailings. 
Thefe favages, accuftomed to poifon their arrows, ima- 
gined that I had in like manner poifoned the lead with 
which they were wounded. They had, therefore, given 
themfelves up as loft, and expeCted in a few moments to 
expire.” 
' It was with great difficulty that our author could 

convince them that they had nothing to fear. He drew- Kabolu. 
ed them in the flefh of his own leg a dozen of fhots of clua3' 
lead ; but they were not fatisfied till one of the moll in- 
telligent of his Hottentots, taking from his {hot-bag a 
few grains of lead, and (hewing them to the three men, 
immediately fwallowed them. This conclufive argument 
produced the defired effeCt. The cries of the wounded * 
men inftantly ceafed ; ferenity again appeared in their 
faces ; and their wounds were no more mentioned. 

The Kabobiquas have neither the flat nofe nor plump 
cheeks of the Hottentots. Their {kin alfo has not that 
baftard colour, which, being neither black nor white, 
renders them odious to both races ; nor do they befmear 
their bodies with thofe difgufting fat fubftances, on ac- 
count of which one cannot approach them without be- 
ing bedaubed with their filth, or acquiring an offenfive 
fmell. In ftature they are as tall as the Caffres, and 
their colour is equally black. Their hair, which is ex- 
ceedingly fhort, and much curled, is ornamented with 
fmall copper buttons, arranged with great art and fym- 
metry. Inftead of that apron made of a jackal’s {kin, 
employed by the Hottentot to cover what modefty bids 
him conceal, the Kabobiquas ufe a round piece of lea- 
ther, the edge of which is ornamented with a frnall in- 
dented circle of copper, and which is divided into diffe- 
rent compartments by rows of glafs beads of various co- 
lours, all proceeding from the centre, and diverging to- 
wards the circumference, like the rays in our images of 
the fun. 

This kind of veil is made faft to the groin by means 
of a girdle ; but as it is only four inches in diameter, as 
it is deranged by the fmalleft movement, and as they 
give themfelves little uneafinefs refpefting fuch acci- 
dents, it is very ill fuited to the purpofe for which it is 
applied. During the great heats, this fmall and ahnoft 
ufelefs apron is the only covering on their bodies. Its 
being fo readily difplaced, enabled our author to afeer- 
tain that they do not pracliee cireumcifion ;>but it feem- 
ed to (hew alfo, that, in regard to modefty, -their ideas - 
are very different from ours. 

Though they go thus almoft 'entirely naked, their 
manners, inftead of being licentious, are - remarkably 
chafte. No females can be more prudent or more re- 
ferred than their women ; and whether from refinement 
of coquetry, or the effedl of prudence, they do not tat- 
too their faces like their hufbands and fathers. They 
do noj even follow their example in ornamenting their 
hair with copper buttons; and they always go'bare- 
legged, though moll of them wear fandals. 

Their drefs conlifts of an apron that reaches only 
half down the thigh ; a crofs which; paffing under the 
arm-pits, is tied on the breaft ; and a long mantle like 
that of the men. The mantle is made of (kins not de- 
prived of the hair ; and the crofs of tanned leather, pre- 
pared like that ufed for gloves in Europe. 

With regard to glafs beads, they wear them as brace- 
lets. They form them alfo into necklaces, which de- f 

feend in different rows to the pit of the ftomach ; and 
they fufpend from their girdles feveral firings of them, 
which fall down their thighs below the apron. 

Thefe ornaments being very durable, the habit of 
feeing them renders the women almoft indifferent to the 
pleafure of poffeffing them. Thofe they procured ffom 
our author afforded at firft great fatisfadlioo, on account 
of their novelty. But when he fhewed them feiffars 

and 
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Kabobl* and needles, they gave the preference to thefe articles ; 

^ a!>' and this choice does honour to the good fenfe ot the 
Kabobiqua ladies. Like their chief, they fet a higher 
value on utility than ornament. 

Before our author's arrival among them, the Kabo- 
biquas were acquainted with the uie of tobacco through 
the means of fome of the tribes more contiguous to the 
Cape. It was, however, a luxury which they could 
feldom enjoy; and fo indifferent were they about it, that 
if it were not brought to them, they would not go a flep 
to procure it. This indifference, about an article which 
is eagerly fought for by all the tribes of Hottentots, 
feemed to fhew that there are traits in the character of 
the Kabobiquas which diftinguifh them from their 
fouthern neighbours. The cafe was the fame as to 
Itrong liquors, on which they fet no great value ; and 
though there were among them fome few7 individuals 
difpofed to relifh them, the greater number abfolutely 
refufed them. 

“ If the contents of my flaflcs (fays Vaillant) gave 
them little fatisfadfion, they were, however, much cap- 
tivated with the fluffs themfelves. Thefe tranfparent 
bottles excited their admiration in the higheft degree. 
They called them folid water ; for, notwithftanding the 
heat of the climate, thefe favages had feen ice on the 
fummits of the mountains by which they are furround- 
ed ; and they entertained no doubt that the glafs of my 
flafks was water, which I had rendered folid by magic, 
and which I prevented their fires from melting. As it 
was impofiible for me to explain this matter, I did not 
attempt to undeceive them : and belides, with what ad- 
vantage would it have been attended ? I fuffered them, 
therefore, to continue in their error, and contented my. 
felf with conferring on them an obligation, by giving 
them all the empty bottles for which 1 had no ufe. 

“ On their part, they vied with each other in fliew- 
ing their generofity towards me ; and I muff indeed 
allow, that I never law a nation fo dilinterefted. Every 
night they brought to my camp a confiderable quantity 
of milk ; and they never came to fpend the evening 

, with my people, without bringing fome fheep to regale 
them. I have feen many of them give away gratui- 
toufly, and without receiving any thing in return, part 
of their herds and their flocks ; and, when I departed, 
there were many perfons in my caravan who poffefled 
both fheep and oxen, which they had received as a pure 
gift.” 

With this benevolent difpofition, the Kabobiquas 
bave alio a martial charadler. Their weapons are poi- 
foned arrows, and a lance with a long iron point, but 
different from the affagay of the Hottentots. In battle, 
their defenfive armour conlifts of two bucklers ; the one 
of a fize fufficient to cover the whole body of the com- 
batant 4 the other much fmaller. They are both made 
of ffins exceedingly thick, and proof againft arrows. 

1 he courage which the Kabobiquas difplay in com- 
bat is particularly exercifed in their hunting excuriions, 
and, above all, againft carnivorous animals. Intrepid, 
however, as it may be to attack the elephant and the 
rhinoceros, thefe fpecies of animals are not objedfs of 
their vengeance ; becaufe, living upon grafs and herbs, 
they have nothing to apprehend from them, either for 
themfelves or their cattle. But the tiger, lion, hyaena, 
and panther, being enemies of a different kind, they de- 

clare againft them implacable war, and purfue them 
without remiflion. 

Of the fpoils of thefe dcftnnSlive animals they form 
their bucklers, girdles, landals, croffes, mantles, &c. 
They confider it as a mark of honour to w ear them ; 
and they fet a much higher value upon them than upon 
the ffin of the rhinoceros or of the elephant. If they 
fometimes hunt the latter, it is only as objeCfs of food ; 
and they employ to catch them thofe concealed pits, 
which are the ufual fnares of the Hottentots : but this 
method, which requires both patience and labour, is ve- 
ry little fuited to a people fo brave and enterpriling as 
the Kabobiquas. 

As they poffefs fo bold and refolute a charadter, 
one might be induced to believe that they are fero- 
cious and intractable. Among all the African nations, 
however, wffich our author vifited, he never knew 
one that fo much pradtifed obedience and fubordina- 
tion. 

The chief here is not, as in other tribes, a principal 
among his equals ; he is a fovereign in the midft of his 
fubjedts, a mailer furrounded by his ilaVes. A wmrd, 
a gefture, or a look, is fufficient to procure him obe- 
dience. Whatever be his orders, they are never con- 
ti-adidted ; and the cafe is the fame in every particular 
family. What the chief is to the horde, the father is 
to his children. His commands are abfolute ; and he 
exercifes regal power at home, while he obeys elfe- 
where. 

Though the tribe was very numerous, the wifdom 
with which it was ruled, and the good order that pre- 
vailed, announced, in the man by whom it was govern- 
ed, an intelligence fuperior to that of all the favages our 
author had before feen ; for he had not then vifited the 
Houzouanas. The habitation of this chief wjas fuited to 
his fupreme dignity. It wras, indeed, a hut only, like 
thofe of his fubjedls, and, like them, covered with the 
fl<ins of animals ; but it was much larger, as well as 
more elevated ; and around it were fix others, occupied 
by his family, and deftined for them alone. 

The natural drynefs of the country inhabited by the 
Kabobiquas obliges them to dig wells, for their own 
ufe as well as for their cattle ; but as the fame caufe 
often dries up thefe wells, they are then forced to re- 
move, and to feek elfewdiere a foil more abundant in 
fprings ; for Fifli-river, though confiderable in the rai- 
ny fealon, is often, during the great heats, entirely def- 
titute of water. 

The long journeys which thefe too frequent emigra- 
tions compel them to undertake, and the intercourfe 
which they thence have with other nations, muft necef- 
farily infpire them wuth ideas unknown to the fettled 
tribes ; and it w-ould not be unnatural to fuppofe, that 
to this extenfion of ideas are they indebted for that fu- 
periority of intelligence which elevates them above their 
neighbours. 

Of the religion of the Kabobiquas, our author talks 
very inconfiftently, and like a true philofopher of the 
French fchool. “ Of all the African nations (fays he), 
they are the only people among whom I found any idea, 
however confufed a one, of the exiftence of a Deity. I 
do not know whether it be from their own refledlion, or 
the communications of other tribes, that they have ac- 
quired this fublime knowledge, which w'ould alone bring 

them 

Kabobi. 
quas. 
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K paga. them near to a level with poliflied nations; but they 
   'believe, as far as I have been able to learn from my 

people, that beyond the ftars there exifts a Supreme 
Being, who made and who governs all things.. I mult, 
however, obferve, that on this fubjeft their ideas are 
vague, barren, and unproductive. I hey have no con- 
ception of the future exiftence of the foul, or of rewards 
and punifhments in another life ; in fhort, they have 
neither worfhip, facrifices, ceremonies, nor priefts, and 
are total ftrangers to what we call religion.” 

This is impoflible. A people believing in a Supreme 
Being, who made and who governs all things, may in- 
deed be without facrifices, ceremonies, and priejis ; but 
fuch a people cannot avoid wifising, that the Being who 
governs all things may proteCt them. Such a wifh is a 
prayer; and furely he who prays is no ft ranger to reli- 
gion. M. Vaillant places the country of the Kabobi. 
ejuas between 230 and 2 50 S. Lat. and 16 25' ana 19J 

25' Long, eaft from Paris. 
KAJAAGA, an African kingdom, called by the 

French Ga/lcm, is bounded on the fouth-eaft and fouth 
by Bambouk ; on the weft, by Bondou and Foota Ter- 
ra ; and on the north, by the river Senegal. The am 
and climate (fays Mr Park) are more pure and falubn- 
ous than at any of the fettlements towards the coaft ; 
the face of the country is everywhere interfperfed with 
a plealing variety of hills and valleys ; and the windings 
of the Senegal river, which defeends from the rocky 
hills of the interior, make the feenery on its banks very 
pidurefque and beautiful. 

The inhabitants are called Serawoollies, or (as the 
French write it) Seracolets. Their complexion is a jet 
black : they are not to be diftinguifhed in this lefpect 
from the Jaloffs. 

The government is monarchical; and the regal au- 
thority, from what I experienced of it, feems to be fuf- 
ficiently formidable. The people themfelves, however, 
complain of no oppreflion ; and feemed all very anxious 
to fupport the king in a conteft he was going to enter 
into with the fovereign of Kafton. The Serawoollies aie 
habitually a trading people ; they, formerly carried on a 
great commerce with the French in gold and fla.ves, and 
ftill maintain fome traffic in Haves with the Bntifh fac- 
tories on the Gambia. They are reckoned tolerably 
fair and juft in their dealings, but are indefatigable in 
their exertions to acquire wealth, and they derive con- 
fiderable profits by the fale of fait and cotton cloth in 
diftant countries. When a Serawoolli merchant returns 
home from a trading expedition, the neighbours imme- 
diately aftemble to congratulate him upon his arrival. 
On thefe occafions the traveller difplays his wealth and 
liberality, by making a few prefents to his friends ; but 
if he has been unfuccefsful, his levee is foon over ; and 
every one looks upon him as a man of no underftanding, 
who could perform a long journey, and (as they expreis 
it) bring back nothing but the hair upon his head. 

Their language abounds much in gutturals, and is 
not fo harmonious as that fpoken by the Foulahs : it is, 
howrever, well wrorth acquiring by thofe who travel 
through this part of the African continent ; it being 
very generally underftood in the kingdoms of Kaffon, 
Kaarta, Ludamar, and the northern parts of Bambara. 
In all thefe countries the Serawoollies are the chief 
traders. 

Joag, the frontier town of this kingdom as you enter 

it from Pifanta, may be fuppofed, on a grofs computa- 
tion, to contain two thoufand inhabitants. It is fur- 
rounded by a high wall, in which are a number of port 
holes, for mufquetry to fire through in cafe of an at- 
tack. Every man’s pofleffion is likewife furrounded 
by a wall ; the wdiole forming fo many diftind citadels; 
and amongft a people unacquainted with the ufe of ar- 
tillery, thefe walls anfwer all the purpofes of .ftronger 
fortifications. To the w'eftward of the town is a fmall 
river, on the banks of whicli the natives raife. great 
plenty of tobacco and onions. Mr Park was in this 
town plundered of half his effe&s by order of the king, 
becaufe forfooth he had negleded to pay the accuftom- 
ed duties before he entered the kingdom ; and it re- 
quired a good deal of addrefs to prevent himfelf and 
his attendants from being made Haves ; a ftate to which 
the law, it was faid, condemned them for the commif- 
fion of this unintended crime. He was at laft refeued 
from Joag by a nephew of the king of Kaffon. Joag 
is placed by Major Kennel in I4°25' N. Lat. and 90 

46' W. Long. 
KAINSI, is the name given by the Hottentots to a 

particular fpecies of antelope, of which, according to 
Vaillant, no author has yet given a perfeft defeription. 
It is called by the Dutch klip-fpringer, on account of 
the eafe with which it leaps from rock to rock ; and 
indeed of all the antelopes there is no one equal to it in 
agility. It is about the fize of a kid of a year old, and 
of a yellowiflr grey colour ; but its hair has this pecu- 
liarity, that, inftead of being round, pliable, and fiiin, 
like that of moft other quadrupeds, it is flat, harfli, and 
fo little adherent to the fkin, that the flighteft friaion 
makes it fall off. Nothing is more eafy, therefore,, than 
to deprive this animal of its hair : dead or alive it is. the 
fame ; to rub, or even to touch the animal, is fufficient. 
Another peculiarity of this Angular hail is its being ex- 
tremely fragile; fo that if you take a tuft of it between 
your fingers, and twift it with the other hand, it will 
break like the barbs of a feather. This, property, how- 
ever, belongs not exclufively to the hair of the kainfi 
for our author fays he has obferved it in the hair of 
other quadrupeds,’ which in the fame manner live among 
the rocks. _ . . . 

This antelope differs from the other ipecies alio in 
the ftiape of the foot, which, inftead of being pointed 
like theirs, is rounded at the end ; and as it is always 
accuftomed, both in leaping and walking, to tread with 
the point of the hoof, without refting at all on the heel, 
it leaves a print diftinguiftiable from that of any other 
antelope in Africa. Its flefh is exquifitely flavoured, 
and much fought after, particularly by the hunters. 

The chace of the kainfi is very amufing. It is true, 
it is fcarcely poffible to hunt it down with dogs, as it 
foon efcapes them by means of its inconceivable agility, 
and gets out of their reach on the point of fome de- 
tached rock, where it will remain whole hours fafe fiom. 
all purfuit, and fufpended, as it were, above the abyfs. 
But in this fituation it is excellently placed for the ar- 
row or the ball of the huntfman ; who is commonly cer- 
tain of (hooting it at pleafure, though he is not always 
able to come at it when killed. We (hall give our au- 
thor’s account of a chace of the kainfi in his own 
words. . . 

« I was hunting (fays he) one of thefe animals, 
when, from the nature of the place, it found itfelffo 

Rainfi. 
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Tchatka 
prefTed by my dogs, as to be on the point of being run 

_ down and taken. 1 here were apparently no means of 
efcape ; iince before it was a valt perpendicular rock, 
by which its courfe was necelTarily flopped. In this 
•wall, however, which appeared to me perfectly frnooth, 
was a little ridge, projecting at moil not above two 
inchesy wdiich the kainfi quickly perceived, and, leaping 
upon it, to my great aflonifliment kept itfelf frm (a). 
I imagined that, at any rate, it mufl foon tumbledown; 
and my dogs, too, fo fully expefled it, that they ran to 
the bottom of the rock, to be ready to catch it when it 
fell. To haften its fall, I endeavoured to harafs it, and 
make it lofe its equilibrium ; and for this purpofe I 

.pelted it with Hones. All at once, as if gueffing my 
defign, it colledled its whole flrength, bounded over my 
head, and, falling a few paces from me, darted away 
with the utmoft ipeed. Notwithflanding the rapidity 
of its flight, it would have been eafy for me to have fliot 
it ; but its leap had fo furprifed and amufed me, that I 

.gave it its life.” This was generous, if the ftory be 
true. 

KAMTSCHATKA is inhabited by a people, who 
are reprefented in the Encyclopad'm as pofleffing almoft 
every quality that can difgrace human nature. We 
think it incumbent upon us to acknowledge, in this 
place, that a much more favourable picture of them is 
drawn by La Peroufe who viflted Kamtfchatka in Sep- 
tember 1787. The Ruffian governor made the com- 
modore and his officers remark the promifmg appear- 
ance of feveral fmall fields of potatoes, of which the 

Teed had been brought from Irkoutfk a few years be- 
fore ; and purpnfed to adopt mild, though infallible 
means, of making farmers of the Ruffians, Cofiacks, and 
Kamtfchadales. The fmall-pox in 1769 fwept away 
three-fourths of the individuals of the latter nation, 
which is now reduced to lefs than four thoufand per- 
fons, fcattered oyer the whole of the peninfula ; and 
which will fpeedily difappear altogether, by means of 
the continual mixture of the Ruffians and Kamtfcha- 
dales, who frequently intermarry. A mongrel race, 
more laborious than the Ruffians, who are only fit for 
foldiers, and much ftronger, and of a form lefs difgrace- 
ful to the hand of nature, than the Kamtfchadales, will 
fpnng from thefe marriages, and fucceed the ancient in- 
habitants. The natives have already abandoned the 
yourtsy in which they ufed to burrow like badgers du- 
ring the whole of the winter, and where they breathed 
an air fo foul as to occafion a number of diforders. The 
moll opulent among them now build i/Jms, or wooden 
houffis, in the manner of the Ruffians. They are pre- 
cilely of the fame form as the cottages of ou/peafants- 
are divided into three little rooms ; and are warmed by 
a brick Hove, that keeps up a degree of heat(n) infun- 
portable to perfons unaccullomed to it. The reft oafs 
the winter, as well as the fummer, in balagans, which 
are a kind of wooden pigeon-houfes, covered with thatch, 
and placed upon the top of polls twelve or thirteen feet 
high, to which the women as well as the men climb by 
means of Udders that afford a footing very infecurel 
But thefe latter buddings will toon difappear j for the 
Kamtfchadales are of an imitative genius, and adopt al- 
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moll all the cuftoms ol their conquerors. Already the Kame- 
women wear their hair, and are almoft entirely drefled fchati;a- 
in the manner of the Ruffians, whofe language prevails 
in all the q/irogs ; a fortunate circumftance, finee each 
Kamtfchadalian village ipoke a different jargon, the in- 
habitants of one hamlet not underftanding that of the 
next. It may be faid in praife of the Ruffians, that 
though they have cllablilhed a defpotic government in 
this rude climate, it is tempered by a mildnefs and 
equity that render its inconveniences unfelt. They 
have no reproaches of atrocity to make themfelves, like 
the Spaniards in Mexico and Peru. The taxes they 
levy on the Kamtfchadales are fo light, that theyr can 
only be confidered as a mark of gratitude towards the 
fovereign, the produce of half a day’s hunting acquit- 
ting the impolls of a year. It is furpriling to fee in 
cottages, to all appearance more miferable than thofe of 
the molt wretched hamlets in our mountainous pro- 
vinces, a quantity of fpecies in circulation, which ap- 
pears the more coniiderable, becaufe it exilts among fo 
fmall a number of inhabitants. They confume fo few 
commodities of Ruffia and China, that the balance of 
trade is entirely in their favour, and that it isabfolutely 
neceffary' to pay them the difference in rubles. Furs at 
Kamtfchatka are at a much higher price than at Can- 
ton ; which proves, that as yet the market of Kiatcha 
has not felt the advantageous effedt of the new channel 
opened in China. 

Our author compares Kamtfchatka, with refpedl to 
climate and foil, to the coaft of Labrador in the vicinity 
of the Straits of Belle Ifle; but the men, like the ani- 
mals, are there very different. The Kamtfchadales ap- 
peared to him the fame people as thofe of the bay of 
Caftries, upon the coaft of Tartary. Their mildnefs and 
their probity are the fame, and their perfons are very 
little different. They ought then no move to be com- 
pared to the Efquimaux Indians, than the fables of 
Kamtfchatka to the martins of Canada. 

The Greek religion has been eftabliihed among the 
Kamtfchadales without perfecution or violence, and with 
extraordinary facility. T he vicar of Paratounka is the 
fon of a Kamtfchadale and of a Ruffian woman. Tie 
delivei s his prayers and catechifm with a tone of feeling 
very much to the tafte of the aborigines, who reward 
bin caies with offerings and alms, but pay no ty'thes. 
1 he canons of the Greek church permitting priefts to 
marry, we may conclude that the morals of the country 
clergymen are fo much the better. “ I believe them, 
however (lays Peroufe), to be very ignorant ; and do 
not fuppofe that for a long time to come they will 
Hand in need of greater knowledge. The daughter, 
the wife, and the lifter of the vicar, were the beft dan- 
cers of all the women, and appeared to enjoy the beft. 
Hate of health. I he worthy pneft knew that we were 
good Catholics, which procured us an ample afperlion 
of holy water ; and he alfo made us kifs the crofs that 
was carried by his clerk ; thefe ceremonies were per- 
formed in the midll of the village. TIis parfonage houfe 
was a tent, and his altar in the open air ; but his ufual 
abode is Paratounka, and he only came to St Peter and 
St Paul’s to pay us a viiit.” 
  The 

(a) This we think incredible. 
? b) Kot lefs than thirty degrees of Reaumur’s thermometer, 



KAN [ 49 ] KAN 
Kamt-. The people of Kamtfchatka have inured themfelves 

Kanem’ t0 t^e extrernes ^eat an(^ c°ld. It is well known, that their cuftom in Europe, as well as in Afia, is to 
go into vapour baths, come out covered with perfpira- 
tion, and immediately roll themfelves in the fnow. The 

of St Peter had two of thefe public baths, into 
which our author went before the fires were lighted. 
They confiil of a very low room, in the middle of which 
is an oven conitrudted of ftones, without cement, and 
heated like thofe intended to bake bread. Its arched 
roofs is furrounded by feats one above another like an 
amphitheatre, for thofe who wifh to bathe, fo that the 
heat is greater or lefs according as the perfon is placed 
upon a higher or lower bench. Water thrown upon 
the top of the roof, when heated red hot by the fire 
underneath, is converted inilantly into vapour, and ex- 
cites the molt profufc perfpiration. The Kamtfchat- 
dales have borrowed this cuitom, as well as many others, 
from their conquerors ; and ere long the primitive cha- 
radter that diitinguifhed them fo ftrongly from the P.uf- 
fians will be entirely effaced. 

Our author defcribes the bay of Avatfcha as the fi- 
neft, the molt convenient, and the fafeit, that is to be 
met with in any part of the world. The entrance is 
narrow, and fhips would be forced to pafs under the 
guns of the forts that might be eafily eredfed. The 
bottom is mud, and excellent holding ground. Two 
vaft harbours, ore on the eaftern fide, the other on the 
weilern, are capable of containing all the fhips of the 
French and Englifh navy. The rivers of Avatfcha and 
Paratounka fall into this bay, but they are choaked up 
with fand-banks, and can only be entered at the time 
of high water. The village of St Peter and St Paul is 
fituated upon a tongue of land, which, like a jetty made 
by human art, forms behind the village a little port, 
fhut in like an amphitheatre, in which three or four vef- 
fels might lie up for the winter.*. The entrance of this 
fort of bafon is more than twenty-five toifes wide ; and 
nature can afford nothing more fafe or commodious. 
On its fhore the Governor propofed to lay down the 
plan of a city, which fometime or other will be the ca- 
pital of Kamtfchatka, and perhaps the centre of an ex- 
tenfive trade with China, Japan, the Phillippines, and 
America. A vail pond of frefh water is fituated north- 
ward of the fite of this projected city ; and at only 
three hundred toifes diflance run a number of flream- 
lets, the eafy union of which would give the ground all 
the advantages neceffary to a great eflablifliment. Of 
thefe advantages Mr Kafloff underflood the value; 
“ but firft (faid he a thoufand times over) we mull have 
bread and hands, and our flock of both of them is very 
finall.’' He had, however, given orders, which an- 
nounced a fpeedy union of the other ojirogs to that of 
St Peter and St Paul, where it was his intention imme- 
diately to build a church. By obfervation, St Peter 
and St Paul was found to be in 530 1 N. Eat. and 
156° 30' E. Long, from Paris. 

KANEM, is the name given by Adrifi to the king- 
dom of Bornou in Africa, of wdiich the reader wnll find 
fome account in the Encyclopedia Britannica. In fome 
particulars, however, that account is incorreft. The 
kingdom of Bornou or Kanem mufl extend farther eafl 
and farther north than it is there faid to do ; for ac- 
cording to the latefl and heft accounts, its capital Hands 
in Lat. 240 32', Long. 220 57'. The empire is faid to 
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be very extenfive ; and if it be true, as we learn from Kanr, 
the proceedings of the African Affociation, that its fo- Kantu^a» 
vereign is more powerful than the Emperor of Morocco, v ~ 
the people cannot be fuch abfolute brutes, as we have 
reprefen Led them in the article referred to ; for the fo- 
vereign of brutes would have no power. The truth, 
however is, that very little is yet known in Europe of 
Bornou or its inhabitants. 

KANT (Immanuel), Royal Profeffor of Morals and 
Metaphyfics in the Univerfity of Konigfberg, publiflied 
fume years ago a new fyilem of Metaphyfics, to which 
he gave the name of Critical Philosophy, which fee 
in this Supplement. 

KANTUFFA, a fpeciesof thorn peculiar to Abyf- 
finia, is thus defcribed by Mr Bruce : The branches 
Hand two and two upon the ilalk ; the leaves are difpo- 
fed two and two likewife, without any tingle one at the 
point, whereas the branches bearing the leaves part from 
the ftalk : at the immediate joining of them are two 
thick thorns placed perpendicular and parallel alternate- 
ly ; but there are alfo tingle ones diftribated in all the 
interftices throughout the branch. 

The male plant has a one-leaved perianthium, divided 
into live fegments, and this falls off with the flower. 
The flower is compofed of five petals, in the middle of 
which rife ten ftamiua or filaments, the or,ter row ihort- 
er than thofe of the middle, with long ftigmata, having 
yellow farina upon them. The flowers grow in a branch, 
generally between three and four inches long, in a coni- 
cal difpofition, that is, broader at the bafe than the 
point. The infide of the leaves are a vivid green, in 
the outfide much lighter. It grows in form of a bufh, 
with a multitude of fmall branches riling immediately 
from the ground, and is generally feven or eight feet 
high. Our author faw it when in flower only, never 
when bearing fruit. It has a very ilrong fmell, refem- 
bling that of the fmall fcented flower called mignionet, 
fown in vafes and boxes in windows, or rooms, where 
flowers are kept. 

Our author reprefents the kantuffa as fo very trouble- 
fome, that it renders travelling through fome places of 
Abyffinia almoft impofiible. The foldier fcreens him- 
felf from it by a goat’s, a leopard’s, or a lion’s fkin 
thrown over his ihoulders, of which it has no hold. As 
his head is bare, he always cuts his hair ihort before he 
goes to battle, left his enemy fhould take advantage of 
it; but the women, wearing their hair long, and the 
great men, whether in the army or travelling in peace, 
being always clothed, it never fails to incommode them, 
whatever fpecies of raiment they wear. If their cloak 
is fine rnullin, the leaft motion againft it puts it all in 
rags ; but if it is a thick, loft cloth, as thofe are with 
which men of rank generally travel, it buries its thorns, 
great and fmall, fo deep in it, that the wearer muft 
either difmount and appear naked, which to principal 
people is a great difgrace, or elfe much time will be 
ipent before he can difengage himfelf from its thorns. 
In the time when one is thus employed, it rarely fails 
to lay hold of you by the hair, and that again brings 
on another operation, full as laborious, but much more 
painful, than the other. A proclamation is therefore 
iffued, every year immediately before the king commen- 
ces any march, in thefe words : “ Cut down the kan- 
tuffa in the four quarters of the world; for I do not 
know where L am going.” The wild animals, both 

G birds 
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Kaflon. birds and beads, efpecially the Guinea fowl, know how 
“ v 1 well it is qualified to protedl thein. In this fhelter, the 

hunter in vain could endeavour to moletl them, were it 
not for a hard-haired dog, or terrier of the fmadell fize, 
who being defended from the thorns by the roughnefs 
of his coat, goes into the cover, and brings them and 
the partridges alive one by one to his mailer, 

KA.SSON, a populous kingdom in North Africa, 
of which the capital Koon'tahary is placed by Major 
Rennel in 140 33' N. Lat. and 8° 43' W. Lon. The 
ting who reigned when Mr Park was in the country 
was extremely kind to our traveller, though his fon 
plundered him unmercifully, like other rapacious chiefs 
of that favage country. From the top of a high hill, 
at fome diftance from the capital, “ I had (fays Mr 
Park) a mod enchanting profpedl of the country. The 
number of towns and villages, and the extenfive cultiva- 
tion around them, furpafled every thing I had yet feen 
in Africa. A grofs calculation may be formed of the 
number of inhabitants in this delightful plain, by confi- 
dering that the king of Kaffon caa raife four thoufand 
fighting men by the found of his war drum.” 

/\t Teefee, a large itnwralled town, where our author 
refided for fome days, he had an opportunity of obfer- 
ving the cuftoms of the inhabitants, wdro confided part- 
ly of Pagans and partly of Bulhreens, i. e. of negroes 
converted to Mahomedanifm. Though thefe people 
poflefs both cattle and corn in abundance, rats, moles, 
fquirrels, brakes, locufts, &c. are eaten without fcruple 
by the highed and lowed. Another cudom dill more 
extraordinary, is, that no w'oman is allow'ed to eat an 
egg. This prohibition, whether arifing from ancient fu- 
perdition, or from the craftinefs of fome old Budireen 
who loved eggs himfelf, is rigidly adhered to ; and no- 
thing will more affront a woman of Teefee than to offer 
her an egg. The cudom is the more lingular, as the 
men eat eggs without fcruple in the prefence of their 
wives, and Mr Park never obferved the fame prohibition 
in any other of the Mandingo countries. 

Our author was prefent at a palaver held by the go- 
vernor of Teefee on a very extraordinary occafion ; of 
which wTe fhall give his account at full length, becaufe 
it fhows how free men are reduced to llavery in North 
Africa. The cafe was this : “ A young man, a Ka- 
fir of conffdcrable affluence, who had recently married a 
young and handfome wife, applied to a very devout 
Bufhreen, or Muffulman pried, of his acquaintance, to 
procure him faphies for his protection during the ap- 
proaching war. The Buihreen complied with the re- 
qued ; and in order, as he pretended, to render the fa- 
phies more efficacious, enjoined the young man to avoid 
any nuptial intercourfe with his wife for the fpace of 
fix weeks. Severe as the injunction was, the Kafir 
'driftly obeyed ; and without telling his wife the real 
caufe, abfented himfelf from her company. In the mean 
time it began to be whifpered at Teefee, that the Bufh- 
reen, who always performed his evening devotion’s at 
the door of the Kafir’s hut, was more intimate with the 
young wife than he ought to be. At fird, the good 
hulband was unwilling to fufpeft the honour of his fanc- 
tified friend, and one whole month elapfed before any 
jealoufy rofe in his mind ; but hearing the charge re- 
peated, he at lad interrogated his wife on the fubjeft, 
who frankly confeffed that the Bufhreen had feduced her. 
Hereupon the Kafir put her into confinement, and cal- 

led a palaver upon the Bufhreen's conduCl. The fa£l Kaflbn, 
was clearly proved againd him ; and he was fentenced 
to be fold into flavery, or to find two Haves for his re- 
demption, according to the pleafure of the complainant. 
The injured hufband, however, was unwilling to proceed 
againd his friend to fuch extremity, and defired rather 
to have him publicly flogged before the governor’s gate. 
This was agreed to, and the fentence was immediately 
executed. '1 he culprit was tied by the hands to a drong 
dake; and a long black rod being brought forth, the 
executioner, after flourifhing it round his head for fome 
time, applied it with fuch force and dexterity to the 
Bufhreen’s back, as to make him roar until the woods 
refounded with his fcreams. The furrounding multi- 
tude, by their houting and laughing, manifelted how 
much they enjoyed the punifhment of this old gallant ; 
and it is worthy of remark, that the number of Itripes 
was precifely the fame as are enjoined by the Mofaic 
law, forty, fave one.” 

The method of converting the negro nations to the 
religion of the Arabian Impoflor is a very fingular one ; 
and Mr Park faw the whole people of Teefee converted 
in an indant. During his refidence in that town an em- 
baffy of ten people belonging to Almami Abdulkadeiy 
king of Foota Torra, a country to the wed of Bondou, 
arrived at Teefee ; and defiring Tiggity Sego the go- 
vernor to call an affembly of the inhabitants, announced 
publicly their king’s determination, to this effedt: 
“ That unlefs all the people of Kaffon would embrace 
the Mahomedan religion, and evince their converfion 
by faying eleven public prayers, he (the king of Foota 
Torra) cOuld not poffibly ftand neuter in the prefent 
conted, but would certainly join his arms to thofe of 
Kajaaga.” A meffage of this nature, from fo powerful 
a prince, could not fail to create alarm ; and the inha- 
bitants of Teefee, after along confukation, agreed to 
conform to his good pleafure, humiliating as it was to 
them. Accordingly, one and all publicly offered up 
eleven prayers, which were confidered a fufficient tefti- 
rnony of their having renounced Paganifm, and embraced 
the dodlrines of the Prophet. 

Our author relates a dory, which we cannot refufc 
ourfelves the pleafure of inferting, becaufe it exhibits a ’ 
very pleafing pidture of the affedffion and gratitude of 
the Pagan negroes. In his train was a blackfmith, who 
had lived fome years on the Gambia, and who now return- 
ed to his own country Kajjon. “ Soon after we came in 
fight of Jumbo, his native town (fays Mr Park), his- 
brother, who had by fome means been apprifed of his • 
coming, came out to meet him, accompanied by a ling- 
ing man : he brought a horfe for the blackfmith, that 
he might enter his native town in a dignified manner , 
and he defired each of us to put a good charge of pow- 
der into our guns. The finging man now led the way, 
followed by the two brothers ; and we were prefently 
joined by a number of people from the town, all of 
whom demondrated great joy at feeing their old ac- 
quaintance the blackfmith, by the mod extravagant 
jumping and finging. On entering the town, the fing- 
ing man began an extempore fong in praife of theblack- 
fmith, extolling his courage in having overcome fo many 
difficulties ; and concluding with a dridt injundlion to 
his friends to drefs him plenty of vidluals. 

“ When we arrived at the blackfmith’s place of refi- 
dence, we difmounted and fired our mulkets. The 

meeting 
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-meeting between bim and his friends was very tender ; 
for thefe rude children of nature, free from reftraint, dis- 
play their emotions in the ftrongeft and moft impreflive 
manner. Amidft thefe tranfports the blackfmitlrs aged 
mother was led forth, leaning upon a ftaff. Every one 
made way for her ; and the ftretched out her hand to 
bid her fon welcome. Being totally blind, fhe ftroked 
his hands, arms, and face, with great care, and feemed 
highly delighted that her latter days were bleffed by his 
return, and that her ears once more heard the mufic of 
his voice. From this interview I was fully convinced, 
that whatever difference there is between the Negro and 
European in the conformation of the nofe and the co- 
lour of the fkin, there is none in the genuine fympathies 
and charadleriflic feelings of our common nature. 

“ Duringthe tumult of thefe congratulations, I had 
feated myfelf apart, by the fide of one of the huts, be- 
ing unwilling to interrupt the flow of filial and parental 
tendernefs ; and the attention of the company was fo 
entirely taken up with the blackfmith, that I believe 
none of his friends had obferved me. When all the peo- 
ple prefent had feated themfelves, the blackfmith was 
defired by his father to give them fome account of his 
adventures ; and filence being commanded, he began ; 
and after repeatedly thanking God for the fuccefs that 
had attended him, related every material occurrence that 
had happened to him from his leaving Kaffon to his ar- 
rival at the Gambia ; his employment and fuccefs in 
thole parts ; and the dangers he had efcaped in return- 
ing to his native country. In the latter part of his nar- 
ration he had frequently occafion to mention me ; and 
after many ftrong expreffions concerning my kindnefs 
to him, he pointed to the place where I fat, and ex- 
claimed, afille ibi firing, “ fee him fitting there.” In a 
moment all eyes were turned upon me ; L appeared like 
a being dropped from the clouds ; every one was fur- 
prifed that they had not obferved me before ; and a few 
women and children exprefled great unealinefs at being 
fo near a man of fuch an uncommon appearance. By 
degrees, however, their apprehenfions fubfided ; and 
when the blackfmith aflured them that I was perfectly 
inoflfenfive, and would hurt nobody, fome of them ven- 
tured fo far as to examine the texture of my clothes ; 
but many of them wTere Hill very fufpicious ; and wdien 
by accident I happened to move myfelf, or look at the 
young children, their mothers would fcamper off with 
them with the greateft precipitation. In a few hours, 
however, they all became reconciled to me.” With 
thefe worthy people our author fpent the greater part 
of two days in feafting and mei-riment ; the blackfmilh 
accompanied him to the capital ; and declared, that he 
would not leave him while he refided there. 

KEATE (George, Efq ; F. R. S.), defeended of 
an ancient and honourable family, was born about the 
year 1729 or 1730, and received his education at King- 
fton fchool, under the Rev. Mr Wo :defon. From 
thence he went to Geneva, where he refided fome years j 
and during his llay there, became acquainted with Vol- 
taire, with whom he continued to correfpond many 
years after he returned to England. After finifhing 
the tour of Europe, he fettled as a ftudent in the In- 
ner Temple, was called to the bar, and fometimes at- 
tended Weftminfter Hall ; though he did not meet 
with encouragement enough to induce his perfeverance 
in his profeffion, nor indeed does it feem probable that 
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he had fufficlent application for it. His fir ft literary Keats?, 
performance was 41 Ancient and Modern Rome,” a 
poem, written at Rome in the year 1755, printed in the 
year 1760, and received with conliderable applaufe. 
The next year he publifhed “ A Short Account of the 
Ancient Hiftory, Prefent Government, and Laws, of 
the Republic of Geneva, 8vo.” This work was com- 
piled during the author’s refidence at Geneva ; is a very 
ufeful one ; and is dedicated to Monfieur de Voltaire ; 
to whom he fays, “ When I reflcd, that it was in this 
Republic, whofe government I have attempted to de- 
feribe, that I was firft introduced to your acquaintance ; 
when memory renews the hours of focial mirth and re- 
fined entertainment which your hofpitality and converfa- 
tion afforded me—I cannot but rejoice in this occafion 
of exprefling my gratitude ; proud that, as your friend- 
{hip diftinguifhed the author of thefe pages in a foreign 
country, your name may at home adorn his labour.” 
It was at one time the intention of Voltaire to tranflate 
this account into French, though he afterwards relin- 
quifired the defign. 

The next year, 1762, he produced an “ Epiftlefrom 
Lady Jane Gray to Lord Guildford Dudley and in 
1763, ” The Alps,” a poem ; the fubjeft of which 
comprehends all that chain of mountains known under 
the general name of the Alps, extending from Italy to 
Germany, and from France to Tyrol, by whatever de- 
nomination they are particularly diftinguifhed. Of all 
the poetical works of Mr Keate, this is intitled to the 
higheft praife for truth of defeription, elegance ofverfi- 
fication, and vigour of fancy. 

Continuing to employ the prefs, in 1764 he publifh- 
ed “ Netley Abbey,” which he afterwards, in 1769, 
enlarged and reprinted : and, in 1765* produced “ The 
Temple Student, an Epiftle to a Friend humourouf- 
ly rallying his own want of application to the fludy of 
the law, his preference of the belles lettres, and his confp- 
quent want of fuccefs in his profeflion. Phe death of 
Mrs Cibber in J766, of whofe merits as an aftiefs he 
entertained the higheft opinion, gave occafion for a 
poem to her memory, which celebrates her excellent 
performances on the ftage, and laments the lofs the thea- 
tre would fuftain by her death. 

In February 1769, he married Mifs Hudfon ; and 
about the fame time publiftied “ Ferney ; an epiftle to 
M. de Voltaire.” In this poem, after praifing with 
energy the various beauties of his friend’spoetical works, 
he introduces the following panegyric on Shakcl'peare ; 

Yes! jealous wits may ftill for empire ftrive, 
Still keep the flames of critic rage alive : 
Our Shakefpeare yet fhall all his rights maintain, 
And crown the triumphs of Eliza’s reign. 
Above controul, above each claffic rule, 
His tut’refs Nature, and the world his fchool. 
On foaring pinions borne, to him was given 
Th’ serial range of Fancy’s brighteft beav’n ; 
To bid wrapt thought o’er nobleft heights afpire, 
And wake each paflion with a mufe of fire. 
Revere his genius. To the dead be juft, 
And fpare the laurels that o’erlhade the dull. 
Low fleeps the bard, hi cold objlrudion laid, 
Nor afks the chaplet from a rival’s head. 
O’er the drear vault, Ambition’s utrnoft bound, 
Unheard (hall Fame her airy trumpet found ! 

G 2 Unheard 
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Keate. Unheard alike ; nor grief nor tranfport raife 
“—'v The blaft of cenfure or the note of praife ! 

As Raphael’s own creation grac’d his hearfe, 
And fir am M the pomp of oftentatious verfe, 
Shall Shakefpeare’s honours by himfelf be paid, 
And Nature perifli ere his pictures fade. 

This eulogium on Shakefpeare, in an epillle to Vol- 
taire, who had laboured fo long and fo Itrenuoufiy to 

/ detradl from the merit of our immortal bard, fhews that 
Mr Keate had not given up his judgment to the fage 
of Ferney. How the old and envious fophilter would 
relifh his friend’s conduft, may be eafily conceived. His 
feelings were certainly very different from thofe of the 
mayor and burgeffes of Stratford, when, in confequence 
of this panegyric on their townfman, they complimented 
Mr Keate with a ftandifh, mounted with filver, made out 
of the famous Mulberry tree planted by Shakefpeare. 

In 1775, he publiflied “ The Monument in Arca- 
dia,” a dramatic poem, built on the picture of Pouffin, 
mentioned by Abbe du Bos in his “ Critical Reflections 
on Poetry and Painting.” 

In 1779, Mr Keate produced one of his moft fuc- 
cefsful works, entitled “ Sketches from Nature ; taken 
and coloured in a Journey to Margate ;” 2 vols i2mo. 
This performance, allowing it to be, as it really is, an 
imitation of Sterne’s “ Sentimental Journey yet con- 
tains fo many pleafing delineations of life, fo many 
ftrokes of humour, and fo much elegance of compofi- 
tion, that few will hefitate to give it the preference to 
any other of Sterne’s imitators. 

In 1781, he colle&ed his poetical works in two vols, 
12mo, and added feveral new pieces not before printed. 
The principal of thefe was “ The Helvetiad,” a frag- 
ment, written at Geneva in the year 1756. In the 
preface to this performance he gives the following ac- 
count of it : “ During a long flay I many years fince 
made at Geneva, I vifited moft of the principal places 
in Switzerland. The many fublime fcenes with which 
nature hath enriched this romantic country ; the tran- 
quillity and content with which every individual enjoys 
his property; and, above all, that independence of mind 
which is ever the refult of liberty—animated me with 
fuch veneration for the firft authors of that freedom, 
whofe figures are recorded to pofterity either by fculp- 
ture or painting in the public parts of the towns thro’ 
thofe little Hates, that my enthufiafm betrayed me into 
a defign of wiftting a poem on this Angular revolution ; 
the argument of which I had divided into ten cantos, 
beginning the work with the oppreftions of the Houfe 
of Auftria, and clofing it with the battle of Mongar- 
ten ; by which thofe injured people finally renounced 
its ufurpation, and formed among themfelves thofe va- 
rious confederacies that ended in the great union and 
alliance of the prefent thirteen cantons. When I had 
fettled the whole plan of this work, I occafionally, as I 
found a difpofition in myfelf, took up any part of the 
poem which at the moment moft invited my thoughts : 
and enjoying at this tim/f fuch an intercourfe with M. 
de Voltaire as afforded me a conftant accefs to him, I 
acquainted him with my intention, fire wing him the ar- 
gument I had drawn out for the conduft of the whole 
defign. He kept it a few days ; and, in returning it, 
told me, that he thought the great objeft of the piece, 
the epifodes conneaed with the hiftory, together with 
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the fcenery of the country, prefented fubjea matter Keat?. 
whereon to found a fine poem ; “ but the time (added 
he) which fuch an undertaking will require, I would ra- 
ther counfel you to employ on fubjeas that might more 
engage the public attention ; for fhould you devote 
yourfelf to the completion of your prefent defign, the 
Swifs would be much obliged to you, without being 
able to read you, and the reft of the world care little 
about the matter.” Feeling the force and juftnefs of 
the remark, Mr Keate laid afide his plan, and probably 
never relumed it. In the fame year, 1781, he publifh- 
ed “ An Epiftle to Angelica Kauffman.” 

A few years after, he became engaged in a long and 
vexatious law-fuit, in confequence of the negledt (to fay 
the leaft of it) of an architedl who profeffed himfelf to 
be his friend ; the particulars of which it is of no impor- 
tance to detail. At the-conclulion of the bufinefs, he- 
Ihewed that his good humour had not forfaken him : 
And in 1787 he gave to the public the principal cir- 
cumftances of his cafe in a performance, entitled “ The 
Diftreffed Poet, a ferio-comic Poem, in three Cantos,” 
qto, with fame pleafantry, and without any acrimony. 

His laft work did infinite honour to his head and his 
heart, as well as to the liberality of the boekfeller for 
whom on the title-page it was faid to be publifhed. In 
the year 1782, the Antelope packet was Ihipwrecked 
on the Pelew Hands, where the commander, Captain 
Wilfon, and his crew lived fome time before they could 
get off. On his return to England, the Captain was, 
for fome reafon or other, refufed the command of ano- 
ther Ihip ; and, as we have been informed, he was re- 
duced to a Hate much the reverfe of affluence. Thefe 
circumftances being communicated to Mr Keate, who 
was ftruck with admiration of the manners of the in- 
habitants of the Pelew Hands (fee Pelew Islands, 
Encycl.), he offered to draw up, for the benefit of Cap- 
tain Wilfon, a narrative of the occurrences which took 
place during that officer’s refidence among fo Angular 
a people. This he executed in “ An Account of the 
Pelew Illands, fituated in the Weftern Part of the Pa- 
cific Ocean : compofed from the Journals and Com- 
munications of Captain Henry Wilfon and fome of his 
Officers, who in Auguft 1783 were there fhipwrecked, 
in the Antelope, a Packet belonging to the Honourable 
the Eaft India Company,” qto ; a work written with 
great elegance, compiled with much care, and which, 
if embellifhed (as it has been infinuated) with fa&s bet- 
ter calculated to have found a place in a novel than a 
genuine narrative, mull be afcribed to the mifinforma- 
tion of thofe who were aftors in the fcene, and muft firft; 
have deceived before they obtained credit. We men. 
tion this report as it has come to us, without any at- 
tempt either to eftablifh or refute it. We fhall only- 
add, that if the charge is well founded, Mr Keate (who 
undertook the talk on the moft difinterefted principle, 
and derived no advantage whatever from the work) 
was too fturdy a moralift to have had any hand in the 
impolition.—The manufcript was offered fo Mr Dod- 
fley for 300 guineas ; but he hefitated to give for it fo 
large a price, when another bookfeller undertook to 
publilh the work for the benefit of Mr Wilfon ; and, 
we have reafon to believe, paid to that gentleman, 
within the compafs of a year, triple the fum for which 
the manufcript had been offered to Dodfley. Such con- 
duft reflects honour on the London trade. 

Befides 
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Kennjroft. Befitles the pieces already mentioned, Mr Keate was 

the author of many Prologues and Epilogues, fpoken 
at Mr Newcomb’s fchool at Hackney. He adapted 
his friend Voltaire’s “ Semiramis” to the ftage ; but 
this was fuperfeded in 1777 at Drury Lane, by a 
worthlefs trandation of as worthlefsan author, one Cap- 
tain Ayfcough ; but neither this nor the author are de- 
ferving of any further notice. ? 

We’ (hall conclude by obferving, that Mr Keate s 
life paffed without any viciffitudes of fortune ; he in- 
herited an ample eftate, wrhich he did not attempt to 
increafe otherwife than by thofe attentions which pro- 
dence dictated in the management of ft. He was hof- 
pitable and beneficent, and poftelled the good-will or 
mankind in a very eminent degree. For the lall year 
or two, his health vilibly declined ; but on the day he 
died, it appeared to be fomewhat mended. His death 
was fudden, on the 27th of June 1797- He left one 
daughter, married in 1796 to John Plenderfon, Efq; 
of the Adelphi. At the time of his death, Mr Keate 
was a Bencher of the Temple, and a very old membei 
of the Royal and Antiquary Societies, of both of which 
he had been frequently elected one of the council. 

KENNICOTT (Dr Benjamin) was a man of fuch 
eminence in the learned world, that every thing rela- 
ting to hirft mull be generally interefting. In the bio- 
graphical Iketch of him publilhed in the Encyclopedia^ 
we have acknowledged ourfelves unacquainted with the 
rank and charafter of his parents; but this information 
has been fince fupplied by a very candid and will-in- 
formed writer in the Monthly Magazine ; and as it is 
accompanied with circumflances peculiarly honourable 
to the Doctor, and ought therefore to be preferved, we 
lhall infert it in this place. 

“ The parents of Dr Kennicott (fays this writer) 
were boneit charafters : His father was the parifh-cleik 
of Totnefs, and once mailer of a charity fchool in that 
town. At an early age young Kennicott fucceeded to 
the fame employ in the fchool, being recommended to 
it by his remarkable*fobriety and premature knowledge. 
It was in that fituation he wrote the verfes to the ho- 
nourable Mrs Courtney, which recommended him to 
her notice, and that of many neighbouring gentlemen. 
They, with laudable generality, opened a fubfcription 
to fend him to Oxford. 

“He foon there diltinguilhed himfelf,as iswell known. 
As a tellimor.y of the truth of the above llatement, the 
following is a copy of an infcription written by Di 
Kennicott, and engraved on the tomb of his father and 
mother. The writer of this article has tranfcnbed it 
from the original in the church-yard of Totnefs. due 
tomb is more elegant than perfons in their fituation aie 
accullomed to have ereAed, and was thought, perhaps, 
by the envious to be fomewhat ollentatious. A per- 
foual knowledge of tire Dcdlor induces the writer of 
this article to think, that it was rather the tribute of a 
good and grateful mind, and of the pious reverence and 
love which he entertained for the authors ol his being. 

As Virtue Ihould be of good report, 
facred 

be this humble Monument 
to the Memory of 

Benjamin Kennicott, Parilh Clerk of Totnefs, 
and Elizabeth his Wile: 

K H E 
The latter 

an Example of every Chriilian Duty ; 
ddie former, <— 

animated with the warmed Zeal, 
regulated by the bell good fenfe, 

and both conllantly exerted 
for the Salvation of himfelf and others. 

Reader ! 
Soon lhalt thou die alfo ; 

and as a Candidate for Immortality 
ftrike thy bread and fay, 

Let me live the life of the Righteous, 
that my lad end may be like his. 
Triding are the dates of Ijime 
where the fubjedl is Eternity. 

Eredled 
by their Son, B. Kennicott, D. D. 
Canon of Chrid-Church, Oxford. 

“ It is faid, that when Dr Kennicott had'taken or- 
ders, he came to officiate in his clerical capacity in his 
native town. When his father as clerk proceeded to 
place the furplice on his ffioulders, a druggie enfued be- 
tween the modedy of the fon and the honed pride of 
the parent, who infided on paying that refpeft to his 
fon which he had been accudomed to drew to other 
clergymen: to this filial obedience was obliged to fubmit. 
A circumdance is added, that his mother had often de- 
clared die Ihould never be able to fupport the joy of 
hearing her fon preach ; and that on her attendance at 
the church for the fivd time, (he was fo overcome as to 
be taken out in a date of temporary infenfibility.” 

KERMES (fee Coccvs llicis, Encycl.) has been 
proved by Profefibr Beckmann to have been ufed as a 
dye from very remote antiquity. “ All the ancient 
Greek and Latin writers, he fays, agree, that kermes, 
called by the latter coccum, perhaps alfo coccus, and oft- 
en granvm, were found upon a low ffirubby tree, with 
prickly leaves, which produced acorns, and belonged to 
the genus of the oak ; ano there is no reafon to doubt, 
that they mean coccum ilicis, and that low evcr-green 
oak, with the prickly leaves of the holly (aqmfolium)t 
which is called at prefent in botany quercus ilex. This 
aflertion appears more entitled to credit, as the ancients 
affign for the native country of this tree places where it 
is dill indigenous, and produces kermes. 

The ufe of kermes in dyeing feems to have been con- 
tinued through every century. In the middle ages, as 
they are called, we meet with kermes under the name of 
’uermiculus or vermiculum; and on tnat account cloth dyed 
with them was called •vermiculata. Hence the French 
word vermeil, and its derivative vermilion, as is well 
known, had their extradlion ; the latter of which origi- 
nally fignified the red dye of kermes, but it is now 
ufed for any red paint, and alfo for fine pounded cinna- 
bar. . , r 

KHAS, in Bengal, lands taken into the hands ot 
government, oppofed to the management of Zemindars 
or farmers. See Zemindar in this Supplement. 

KHALSA, in Bengal, fometimes wdth the addition 
of Shereefah, the department of land and revenues ; the 
exchequer. 

KHERAJE, in Bengal, fignifies {Iri&ly the tribute 
paid by a conquered country : it is alfo ufed for reve- 
nue in scneraL khidmut. 

Kenniott 
>1 

Khenje. 
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KHIDMUT, office, attendance, employment, fer 
ce. 
KHIDMUTGAR, a waiting man. 
KHISMIH ', portion or divilion. 
KHOMAR, or Co mar, a Zemindar’s demefne land. 
KING-Post, or \\ikg-Piece, is a piece of timber fet 

upwright in the middle, between two principal rafters, 
and having ifruts or braces going from it to the middle 
or each rafter, bee Root, Encycl. ; and Carpentry, 
Sup pi. 

KIPPIS (Andrew, D. D. F. R and A. S.), was 
born at Nottingham, March 28 (O. S.) 1725. His 
father, a refpectable tradefman of that town, was de- 
fcended from the Rev. Benjamin King of Oakham, 
Rutlandfhire, an ejedfed minifter ; and his mother, Ann 
Rythtr, was the grand-daughter of the Rev. John Ry- 
ther, who was ejeded from the church of Fernby, in 
the county of York. In the year 1730, he loll his 
father, and went to refide with his grandfather, An- 
drew Kippis of Seaford in Lincolnfhire. He received 

•his claffical education at the grammar fchool in that 
town ; but what contributed mofl to his future emi- 
nence, was the friendfhip of the Rev. Mr Merrival, 
who was equalled by few of his contemporaries in vari- 
ous branches of learning, particularly in his acquaint- 
ance with the daffies, his knowledge of ancient and 
modern hiftory, and his refined tafte in the belles lettres. 
Dr Kippis frequently faid, that it was impoffible for 
him to exprefs his obligations to this friend of his 
youth. In 1741 he removed to Northampton, and 
commenced his academical ftudies under Dr Doddridge. 
After a refidence of five years at the academy, he was 
invited by feveral congregations to become their mini- 
fler. Though he was preffed to fettle at Dorchefter, 
and had been chofen their minifler, he gave the prefe- 
rence to an invitation from Bofton in Lincolnfhire, 
where he went to refide in September 1746. Here he 
continued four years ; and in November 1750, accept- 
ed the paftoral charge of a congregation at Dorking in 
Surry. . The congregation meeting in Princes-Street, 
Vv eftminfter, having been without a minifter about two 
years, he was chofen, in June 1753, to fucceed the 
Rev. Dr Obadiah Hughes. On the 21ft of Septem- 
ber following, he married, at Bofton, Mifs Elizabeth 
•Bott, one of the daughters of Mr Ifaac Bott, a mer- 
chant of that place ; and in the month of O&ober fix- 
ed his refidence in Weftminfter. In June 1767, he re- 
ceived the degree of D. D. from the univerfity of E- 
oinburgh, on the unfolicited recommendation of the 
late learned Profeflbr Robertfon. He was elefted a 
member of the Society of Antiquaries on the 19th of 
March 1778 ; and on the 17th of June 1779, he was * 
chofen a fellow of the Royal Society. In both Societies 
he had the honour of being in the council two years. 

Dr Kippis was eminently diftinguifhed for the vir- 
tues and accomplifhments which form the chief orna- 
ments of private life. With a fuavity of manners and 
urbanity of behaviour peculiarly attradive, he united 
that knowledge of men and books which rendered his 
convention uncommonly entertaining and inftrudive 
to the circle of his acquaintance and friends. As a mi- 
mfter, he was not lefs eminent for his profound acquaint- 
ance with every branch of theology than for the happy 
manner in winch he applied it to the improvemenVof 

to e wuo at en ed his miaiftry. His fermons were re- 
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markable for perfpicuity, elegance, and energy ; and 
his elocution was unaffected and very impreffive, parti- 
cularly at the clofe of his difeourfes. But the fuperior 
powers and vigour of mind which he derived from na- 
ture, and which he had cultivated with unremitting di- 
ligence and peculiar fuccefs, were not to be confined to 
the narrow limits of private life and the duties of the 
paftoral charge, however important ; they were defign- 
ed for more extenfive and important fervices to his 
country and to mankind. The interefts of literature, 
fcience, and religion, have received from the exertion of 
his talents as a writer the moil effential advantages. 
His firft efforts in literaturfe were made in the Gentle- 
man’s Magazine, a periodical publication called the Li- 
brary, and the Monthly Review ; to each of which he 
contributed many important articles, efpecially in the 
hiftorical and philological departments of the laft. He 
was the author of three important tratfts, viz. “ A Vin- 
dication of the Proteftant Diffenting Minifters, &c.” 
“ Obfervations on the late Contefts jn the Royal So- 
ciety ; and ‘t Confiderations on the Treaty with Ame- 
rica, &c.” His improved edition of Dr Doddridge’s 
Tenures is a work of great value ; and “ The Hiftory 
of Knowledge, Learning, and Tafte, in Great Britain,” 
prefixed to the New Annual Regilter, merits, and has 
received, the approbation of the public. He publiffied 
at different times feveral fingle fermons ; among which, 
that on the death of his friend the Rev. Mr Laugher, 
is intitled to very high praife. The greater part of' 
thefe he republifhed, with other pra&ical difeourfes, in 
the year 1794 ; but the work which, next to the ftu- 
dies immediately connedted with his office as a Chri- 
fttan minifter, engaged his principal attention, and by 
which he has long been diftinguiffied, is, the improved 
edition of the “ Biographia Britannica.” In this great 
national publication, the comprehenlivenefs and powers 
of his mind, the corredtnefs of his judgment, the vaft 
extent of his information, his indefatigable refearches 
and unremitting affiduity, his peculiar talent of appre- 
dating the merits, and analyzing the labours of the 
moft eminent writers, and his unfhaken integrity, unbi- 
affed fidelity, and impartial deciiion on the charadters 
of the philofopher, ftatefman, poet, fcholar, and di- 
vine, are ftrongly difplayed, and univerfally acknow- 
ledged. His ftyle, formed on the models of Sir Wil- 
liam Temple and the claffical Addifon, is remarkable 
for its peiIpicuity, elegance, and purity ; and gives a 
peculiar luftre to the rich ftores of knowledge treafured 
in the volumes now publiffied. This work has given 
him a high rank among the literati of his country, and 
will carry down his name with diftinguifhed reputation 
to pofterity. He died on the 8th Odober 1795. 

KLIP Springer. See Kainsi, Suppi. 
KOL Quall, the Abyffinian name of a tree, which 

fome botanifts have fuppofed to be the Euphorbia 
OJicinarum of Linnasus. Mr Bruce, who gives the 
only defeription of the Kol-quall that we have feen, is 
of a different opinion : for which he affigns two reafons; 
the firft is, that the flower, which he fays is rofaceous, 
is compofed of feveral petals, and is not companiform ; 
and the fec«nd, that it produces no fort of gum, either 
fpontaneoufly or upon indifion. We mult acknowl- 
edge, that we entertain fome doubts whether our au- 
thor was at due pains to afeertain this fad ; and thefe 
doubts are fuggefted by his own hiftory of the tree. 

His 
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Kol, 
Roona 

His defcription is not very perfpicuous, and therefore, 
left we ihould mifreprefent his meaning, v^e (hall give 
it in his own words : 

“Thti firft thing that prefented itfelf was the firft 
ihoot of this extraordinary tree. It was a fingle ftalk, 
about fix inches meafured acrofs, in eight diviiions, re- 
gularly and beautifully fcolloped and rounded at the 
top, joined in the centre at three feet and a half high. 
Upon the out fide of thefe fcollops were a fort of eyes 
or fmall knots, out of every one of which came five 
horns, four on the fides and one in the centre, fcarce 
half an inch long, fragil, and of no refiftance, but ex- 
ceedingly lharp and pointed. Its next procefs is to put 
out a branch from the firft or fecond fcollop near the top, 
others fucceed from all dire&ions ; and this ftalk, which 
is foft and fucculent, of the confiftence of the aloe, turns 
by degrees hard and ligneous, and after a few years, by 
multiplying its branches, affumes the form of a tree, the 
lower part of which is wood, the upper part, which is fuc- 
culent, has ho leaves ; thefe are fupplied by the fluted, 
fcolloped, ferrated, thorny fides of its branches. Upon 
the upper extremity of thefe branches grow its flow'ers, 
which are of a golden colour, rofaceous, and formed of 
five round or almoft oval petala ; this is fucceeded by 
a triangular fruit, firft of a light green with a flight call 
of red, then turning to a deep crimfon, with ftreaks of 
white both at top and bottom. In the infide it is di- 
vided into three cells, with a feed in each of them ; the 
cells are of a greenifli white, the feed round, and with 
no degree of humidity or moifture about it ; yet the 
green leaves contain a quantity of bluiih watery milk 
almoft incredible. 

“ Upon cutting two of the fineft branches of a tree 
in its full vigour, a quantity of this iflued out, which I 
cannot compute to be lefs than four Englifh gallons ; 
and this was fo exceedingly cauftic, that though I wafh- 
ed the fabre that cut it immediately, the ftain has not 
yet left it. 

“ When the tree grows old, the branches wither, 
and, in place of milk, the infide appears to be full of 
pow'der, which is fo pungent, that the fmall dull which 
I drew upon ftriking a withered branch, feemed to 
threaten to make me fneeze to death, and the touching 
of the milk with my fingers excoriated them as if fcald- 
ed with boiling water ; yet I everywhere obferved the 
wood-pecker piercing the rotten branches with its beak, 
and eating the infedls, without any impreffion upon its 
olfaftory nerves.” 

If what is milk in a young tree be a dry powder in 
one that is old, is it not probable that the milk might 
by evaporation be reduced to the confiftence of gum, 
and that the kol-quall may be at moft but a variety of 
the euphorbia vjjicinarum ? From our author’s obfer • 
vation, the kol-quall appeared to thrive beft on poor, 
fandy, ftbny earth, at no great diilance from the iea. 
The Abyffinians employ the milky juice in tanning to 
take off the hair from the (kins, and they make no o- 
ther ufe whatever of the tree. 

KOONA, a fpecies of Echites (for which fee En- 
tvcl.), very common in the woods of North Africa. 
It is a flirub, of which the leaves, when boiled with a 
fmall quantity of water, yield a thick black juice, into 
•which the negroes dip a cotton thread. This thread 
they fallen- round the iron of their arrows, in fuch a 

manner that it is almoft impofiible to extract the arrow Koraqnar- 
when it has funk beyond the barbs, without leaving the' v‘ 
iron and the poifoned thread in the wound. The poifon 
of the koona is faid to be very deadly.—Park's Travels. 

KORAQUAS, a tribe of Hottentots inhabiting a 
diftridl of South Africa, which M. Vaillant places on the 
confines of the Nimiqua country (See Nimiquas, Suppl.). 
When our author vifited them, the whole tribe was affem- 
bled for the election of a chief: and not agreeing among 
themfelves, fome blood had been (bed, and much more 
would have been (lied, had they not unanimoufly made 
choice of him. When he firft joined them, the whole 
horde paid attention to nothing but their quarrel. To fee 
their warmth, one might have fuppofed that their elec- 
tion was a matter of importance to the whole world, 
and that the fate of mankind was about to depend on 
their chief. All fpoke at the fame time ; each endea- 
voured to drown his neighbour’s voice by his own ; their 
eyes fparkled with fury ; and amidft this confufiou, 
while they threatened each other in turns, the noife 
they made became truly dreadful. 

Unarmed, and without any precaution, though fur- 
rounded by this enraged multitude, our author walked 
calmly along in the midft of them ; and when he reach- 
ed the kraal, he ordered his tent to be immediately- 
formed, as if he had been furrounded by friends and re- 
lations. This appearance, raifed fuddenly, and as if by 
magic, before the eyes of the horde, with his fufees, 
horfes, and tent, obje&s which were all new to them, 
filled them with admiration. Men, women, and chil- 
dren, motionlefs, and with their mouths wide open, all- 
ftood looking at them with profound filence. Anger, 
hatred, and every violent paffion, feemed by their coun. 
tenances to be extinguifhed, and to have given place to 
more tranquil emotions, to ignorant furprife, and ftu- 
pid aftoniftiment. Infancy is naturally curions ; it is 
ftruck with every thing it fees ; and the favage, in this 
refpeft;, is only a grown-up child. As thefe favages 
feemed to wifh that he would permit them to examine 
more clofely whatever excited their admiration, he rea- 
dily condefcended to gratify their defire. They .ap- 
proached, furveyed, and handled every thing. But the ‘ 
principal objedt of general curiofity was his perfon. 
They feemed as if they would never be fatisfied with 
looking at his drefs. They pulled off his hat, that they 
might the better examine his hair and his beard, which' 
were long. They even half unbuttoned his clothes;, 
and furprifed to fee his (kin white, each felt it, as if 
deiirous to afcertain that what they faw was real. 

This comedy continued till the evening; and at 
length, when the moment of feparation arrived, M. Vail- 
lant caufed to be hinted to the whole company, that if,, 
two hours after fun rife next morning, they ftiould not 
he agreed refpedling the choice of a chief, he would 
immediately leave them. He added, however, that if,. 
on the other hand, they came and prefented to him a 
chief, eledled by general confent, he would then load 
them all with prefents, and bellow on him a diftiiidion 
which would raife him above all his equals, and render 
the horde one of the moft celebrated in the whole coun- 
try. “ But what was my furprife (fays he) when I 
learned the fame evening, that on my head the burden, 
of the crown was depofed !” He acquiefced, however;, 
affuring them, that if they would prcmife to be obe-- 

dient,. 
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Koraqutm, dicnt, he would give them the only chief worthy ot ru- 

  <—' ling them, and of making them happy. 
By his interpreters he had learned, that the choice of 

the majority leaned towards one Haripa, a man about 
40 years of age ; tall, well made, exceedingly ftrong, 
and confequently formed by nature for ruling the feeble 
multitude. He therefore named Haripa chief; and the 
people appearing to approve of his choice, he command- 
ed filence, and cauling the new monarch to approach, 
placed on his head, with great folemnitv, a Dutch gre- 
nadier cap, of which the copperplate on the front was 
ornamented with the arms of Holland. This fymbol 
•ui%. a lion rampant, having in one of his fore-paws fe- 
ven arrows, and in the other a naked fabre, could not 
fail to pleafe the favages, as it exhibited a reprefenta- 
tion of the weapons peculiar to them, and of the moll 
formidable animal of their country. They tellified 
their admiration in the moll expreffive manner ; and 
imagined that, fuperior to kings, the white man during 
the night had by magic made this crown, merely to a- 
dorn their chief, and to afford them pleafure. Vaillant 
then affixed to the flcin, which formed Haripa’s drefs, 
feveral rows of glafs beads ; gave him a girdle made of 
a ttring of very large ones; ornamented his arms with 
tin bracelets, and fufpended from his neck a fmall pad- 
lock, lhaped like a butterfly, the key of which had 
been loll. Such padlocks, made in the form of animals 
of every kind, are very common at the Cape. They 
come from China ; and are brought to Africa by the 
captains of the Company’s fhips which trade in the In- 
dian feas. 

Daring the ceremony of inllallation,the whole horde, 
dumb and motionlefs through admiration, feemed loll 
an ecllacy. Haripa himfelf, though highly gratifled, 
did not dare to make the leall movement, and obfetved 
a gravity altogether riflble. When the inauguration 
■was linilhed, and he was completely drelfed, our author 
prefented him with a mirror, that he might enjoy the 
fatisfadlion of furveying hit; own figure. He then fliew- 
ed him to t he people, who exprefled their joy by fliouts 
and applaufes without end. 

“ Ye honeft hearts (fays M. Vaillant), who perufe 
this account, behold what it coll me to reftore peace 
among a whole tribe, and to prevent them from dellroy- 
ing each other !” From this moment concord was re- 
ellablilhed ; univerfal joy prevailed through the horde ; 
and they iuftantly began their dancings, which continu- 
ed for three days and three nights without intermiffion. 
They killed for this feftival feveral fat Iheep, and even 
two oxen ; an extraordinary and truly aftoniffiing mag- 
nificence among a people who, when they barter one 
of their daughters for a cow, think they have made an 
excellent bargain. 

Our author, wilhing to purchafe fome oxen for his 
waggons, bought them at the price of a nail the ox ; 
and thofe who had the good fortune to make fuch an 
exchange were highly fatisfied with their bargain. Nails 
and fmall bits of iron were indeed of real value to them, 
to point the arrows and aflageys with which they fliot 
the antelopes that abound in their country, and conlli- 
tute much of their food. Like other favages, the Ko- 
raquas were ready to pilfer, and appropriate to their 
own ufe whatever they found pleaiing, or fuited to their 
purpofes. 1 hey attempted to carry away fome of our 
author’s effedts, even before his face ; and to prevent 

their rapacity, he was obliged eitjier to watch over, or Koragtw*, 
to depofit them in feme, place of fafety, K ifhna. 

The Koraquas are much taller than the Hottentots 
of the colonies, though they appeared evidently to be 
defeended from the fame race, having the fame language 
and cuftoms with their neighbours the Nimiq^jas (fee 
that article), who are certainly of Hottentot extraction. 

As the exceffive drynefs of the country renders 
fprings very rare, the Koraquas would be unable to in- 
habit it, had they not found the means of remedying 
this fcarcity of water. For this purpofe they dig in 
the earth a kind of cillerns or rather wells, to which 
they defeend gradually by fteps and thefe people are 
the only African nation among whom our author ever 
found the fame mark of induflry. 

As their wells always contain little water, and as 
none is to be loft, they take care to fecure it even from the 
birds, by elofing up the mouth of the hole with Hones 
and the branches of trees ; fo that, unlefs one knows 
the fpot, it is impoffible to find it. They go down 
into it every day, to fetch up as. much water as may 
be neceffery for the confumption of their people and 
cattle. They draw it in a kind of veflels made of hol- 
lowed wood, and pour it into the fleins of buffaloes or 
giraffes, placed in a concave form on the ground to hold 
it ; but they diftribute it with the utmoft parfimony, 
and never draw more than they abfolutely have occaiion 
for, 

Notwithftanding this ftrid economy, the wells often 
become dry ; and in that cafe the horde is obliged to 
remove to fome other place. Among all the weftern 
tribes, therefore, there are none who lead fo wandering 
a life as the Koraquas : the confequence of which is, 
that, as they often change their abode, and acquire new 
neighbours, they mull, in fome meafure, adopt the cuf- 
toms of the nations near which they fix their refidence. 
Some tribes of them greafe themfelves like the Hotten- 
tots ; while others tattoo their face, bread, and arms, 
after the manner of the Caftres. It is, however, to be 
remarked, that the fame colour is not employed by all 
the Koraquas ; each has his own, according as caprice 
may direct him in his choice, and it generally varies 
every day ; which renders, as one may fay, the inhabi- 
tants of the fome horde ftrangers to each other, and 
gives them a motley appearance, as if they were dreffed 
tor a mafq-uerade. 

KRISHNA or Crisna, is an eaftern river of con- 
fiderable magnitude, which is very little known in Eu- 
rope. We have the following account of it, and its 
tributary waters, and the countries through which it 
flows, in Mr Pennant’s view of Hinduftan : 

“ From Cangapatam, on the northern mouth of the 
Pennar, the land runs due north as far as Mottapilli, * 
when it forms a ftrong curve toward the eait ; the point 
of which is one fide of the great river Crifna, in about 
lat. i 5° 43'. ■'■tb Delta, which winds round as far aji 
Mafulipatam, is not confiderable. This river annually 
overflows a vaft tradl of country, like the Indus on the 
weftern fide of this empire, and like all the other great 
rivers on this extenfive coaft. The Crifna rifes from 
the foot of the weftern Ghauts, and not more than 45 
miles from Severndrug, on the weftern coaft. There is 
another branch to the call, that rifes ftill more norther- 
ly. On that fide is Sattara, a ftrong fortrefs, the capi- 
tal of the Mahratta Hate in the time of the rajahs of 
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Sivaji’s race. It was taken by him in 1673, and found 
to be the depofitory of immenfe treafure ; at that time 
it bekmged to the king of Vijapur: it was afterwards 
ufed by the Mahrattas as the lodgment of their riches, 
and alfo as a retreat for the more defencelefs inhabitants 
of Puna, and other open towns, in time of potent inva- 
fions. 

“ The river continues defcending to the eaft. In 
latitude 17° is Meritch, a ftrong fortrefs, with a Jag- 
hirdar territory, conquered from its owner by Hyder. 
In lat. i6°45', a fmall river difcharges itfelf into the 
Crifna from the north. It would not be worth men- 
tioning, but that Pannela, a fortrefs of vaft ftrength, 
was made by Sumbuji, the profligate fon of Sivaji, his 
refidence juft before his furprifal in 1689, betrayed by 
Cablis Khan, the vile inftrument of his pleafures, cor- 
rupted by Aurengzebe, His extravagant love of wo- 
men brought on him ruin. Informed by Cablis that a 
Hindu of rank and great beauty was on the road to be 
delivered by her parents to her hufband, according to 
the cufto.n of the Hindus, he inftantly put himfelf at 
the head of a fmall body of horfe to carry off the prize, 
and ordered Cablis to follow at a diftance for his pro- 
tedlion, in cafe of accidents in that hoftile time. The 
traitor had given notice to Aurengzebe of this expedi- 
tion, who, fending a body of cavalry, furprifed Sumbuji 
juft as he had difperfed the nuptial proceflion. 

“ Into the north fide of the Crifna, in lat. j6° 20', 
falls the great river Kma, after a courfe of 350 miles. It 
rifes at the head of the weftern Ghauts, parallel to Chaul 
in the Concan, and not above to miles from the fea. It 
defeends rapidly towards the fouth-eaft. In lat. i7°40/ 

it receives a fmall river from the weft, on the fouthern 
banks of which ftands Vijapur, the capital of the fa- 
mous kingdom of the fame name, now poffeffed by the 
Mahrattas, but once governed by its own monarchs, till 
conquered by Aurengzebe in 1686. It was of great 
extent, and reached to the wefteip fea, where it poffef- 
fed the ports of Dabul, Vingorla, and Carapatan. 

“ The capital Vijapur is fome leagues in circuit, feat- 
ed in a line but naked country, well watered. It makes 
a lingular appearance from an adjacent eminence, filled 
with numbers of fmall domes, and one of a majeftic 
fize. It was once a city of great fplendour, and filled 
with palaces, mofques, maufoleums, and public and pri- 
vate buildings of great magnificence; many of them are 
fallen to ruin, and give melancholy proofs of its former 
fplendour. I (hall not attempt to detail them. The pa- 
laces of the kings, and accommodations for their atten- 
dants, were within a vaft fort, furrounded with a ditch 
xoo yards wide; the depth appeared to be great, but 
is now filled with rubbilh : within the fort is the cita- 
del. Tavernier fays, that the great ditch was filled 
with crocodiles, by way of garrifon, to prevent all ac- 
cefs by water. Lieutenant Moor has his doubts about 
this, imagining that there never was any water in this 
fofs. That fuch garrifons have exifted I doubt not. 
I have read in Purchas, that in Pegu the foffes of for- 
tified places were flocked with thofe tremendous ani- 
mals, not only to keep out enemies, but to prevent de- 
fection. This practice has certainly been of great anti- 
quity in fome parts of India : Pliny mentions it as ufed 
in a fair city of the Horatae, a people I cannot trace. 

“ The Crifna, above and below its conflux with the 
JSitna, is fordable ; and a few miles below' its channel is 
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600 yards wide, made horrid with the number and Knfh'ia, 
rudenefs of the varioufly formed rocks, which are never 1~vll !!a- 

covered but in the rainy feafon. 
“ The Tungbuddra is another vaft branch of the 

Crifna. It falls into it in lat. 160 25', and originates 
extremely fouth, from a doubtful fountain. Towards 
its lower part it divides into three or four fmall 
branches, which rife remote from each other; the rnoft 
fouthern is the Curga Nair’s country ; the mofl north- 
ern from the head of the Ghauts oppofite to Onor, and 
fcarcely 20 miles from the fea. What muft give this 
river great celebrity, is its having had on its banks, in 
lat. 150 22', the fplendid city of Vijanagar. Ferifhta 
fays, that it was founded in 1344 by Belaldeo king of 
the Carnatic, which in thofe days included the whole 
peninfula. It was vifited by Caefar Frederick a Vene- 
tian travellar, in 1565, and found defected anu ruinous, 
having been facked by four confederated Mahomedau 
princes two years before, on which its monarch had re- 
tired to Penuconda. Frederick fays that its circumfe- 
rence wras 24 miles. Mr Kennel has given us a view of 
its prefent ftate from Lieutenant Emitt, who vifited it 
in 1792. 

“ The ruins of Vijanagar are in the little Sircar of 
Anagundi, which does not extend above 20 miles a- 
round this vaft city. It is very fingular that that little 
Sircar is now poffeffed by a lineal defeendant of Rama 
Rajah, the laft great monarch of Vijanagar, and its at- 
tendant nations Canarine and Malabar, united 700 years 
before under the rule of Crifna Deva. Tippu wilhed 
to referve this little tract to himfelf, for the fatisfaftiou 
of generoufly reftoring to the defeendant the fmall re- 
lique of the great empire of his anceftors. He is de- 
nied the title of Rajah ; inltead of which he has the di- 
minutive Rail beftowed on him. This is fuitable to his 
revenues, which do not exceed two lacs of rupees, or 
2 ^,000 per annum, with the empty regality of a mint 
at Anagundi.” In the remainder of its courfe the Crif- 
na offers nothing remarkable. 

KUARA, is a beautiful tree, which grows in the 
fouth and fouth-weft parts of Abyffinia. With the 
ebony it is almoil the only wood of the province of 
Kuara, of which it bears the name ; but Mr Bruce af- 
fures us, that it is very frequent in all the countries 
where there is gold. “ It is (fays he) whpt naturalifts 
call a Corallodendron, probably from the colour of its 
flowers or of its fruit, both equal in colour to coral. Its 
fruit is a red bean, with a black fpot in the middle of 
it, which is inclofed in a round capfula or covering, of 
a woody nature, very tough and hard. This bean leerna 
to have been in the earlieft ages ufed for a weight of 
gold among the Shangalla, and, where that metal is 
found, all over-Africa; and by repeated experiments, I 
have found that, from the time of its being gathered, it 
varies very little in weight, and may perhaps have been 
the very bell choice that therefore could have been made 
between the cclledlors and buyers of gold. 

“ I have faid this tree is called kuara, which fignifies 
the fun. The be-an is called carat, from which is de- 
rived the manner of efteeming gold as fo many carats 
line. From the gold country in Africa it paffed to In- 
dia, and there came to be the weight of precious {tones, 
efpecially diamonds ; fo that to this day in India we 
hear it commonly fpoken of gold or diamonds, that 
they are of fo many carats fine or weight. I have feen 
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Kami, tliefe beans likewife from the Weft-Indian iflands. 
" * They are juft the fame fize, but, as far as I know, are 

not yet applied to any ufe there.” 
This is a very different account from the origin of the 

term Carat from what we have given in the Encyclo- 
padia ; but the reader will judge for himfelf between 
the two. 

KUMl, the name of an ifland between Japan and 
China, of which Peroufe writes in the following terms : 
“ On the 5th of May, at one o’clock in the morning, 
we made an ifland, which bore north north-eafl of us ; 
we paired the rell of the night, Handing off and on, un- 
der an eafy fail, and at day-break 1 fhaped my courfe fo 
as to run along the weft coaft of this ifland, at the di- 
ftance of half a league. We founded feveral times 
without finding bottom. We were foon fatisfied that 
this ifland was inhabited, for we faw fires in feveral 
places, and herds of oxen grazing on the fea-fhore. 
When we had doubled its well point, which is the molt 
beautiful and beft inhabited fide, feveral canoes put off 
from the fhore in order to obferve us. They feemed to 
be extremely in fear of us ; their curiofity caufed them 
to advance within mufket fhot, and their diflruft made 
them immediately flee away with fpeed. Our fhouts, 
geftures, figns of peace, and the fight of fome fluffs, at 
length determined two of the canoes to come alongfide 
of us. I made each of them a prefent of a piece of 
nankeen and fome medals. It was evident that thefe 
iflanders had not left the coaft with any intention of 
trafficking with us, for they had nothing to offer in ex- 
change for our prefents ; they only faftened to a rope 
a bucket of frefh water, making figns to us, that they 
Hill thought themfelves in our debt, but that they were 
going afhore to fetch provifion, which they expreffed 
by putting their hand into their mouth. Before coming 
alongfide the frigate, they placed their hands upon 
their breaft, and raifed their arms towards the fky : 
thefe geftures were repeated by us, and then they re- 
folved to come on board ; but it was with a want of 
confidence, which was ftrongly expreffed in their coun- 
tenance during the whole time. They neverthelefs in- 
vited us to approach the land, giving us to underfland, 
that we fhould there want for nothing. Thefe iflanders 
are neither Japanefe nor Chinefe, but, fituate Between 
thefe two empires, they feem to partake of both people. 
Their covering was a fhirt and a pair of cotton drawers. 
Their hair, tucked up on the crown of the head, was 
rolled round a needle, which feemed to us to be gold : 
each of them had a dagger, the handle of which was 
gold alfo. Their canoes were made out of hollowed 
trees, and they managed them very indifferently. 1 

could have wifhed to land upon this ifland ; but as we Kuriles, 
had brought the fhip to, in order to wait for thefe ca- '■—■-v-— 
noes, and as the current fet to the northward with ex- 
treme rapidity, we had drifted a great way to leeward, 
and our efforts to reach it would perhaps have been in 
vain : befides, we had not a moment tolofe, and it was 
of the higheft importance to us to get out of the Japan 
feas before the month of June ; a period of ftorms and 
hurricanes, which render thefe feas the moll dangerous 
in the whole world. 

“ It is clear, that veffels which might be in want 
would readily provide themfelves with provifion, wood, 
and water, in this ifland, and perhaps even carry on a 
little trade ; but as it is not more than three or four 
leagues in circumference, there is no great probability 
that its population exceeds four or five hundred perfons; 
and a few gold needles are not of themfelves a proof of 
wealth.” Our author, by obfervation, found the lati- 
tude of Kumi to be 240 33' north ; its longitude 120° 
56' eaft from Paris. 

KURILES, are a clufter of iflands, of which fome 
account has been given under the word Kuril, in the 
Encyclopedia. In addition to that article, the follow- 
ing particulars are worthy of notice : Of the 2 1 iflands 
belonging to Ruffia, which are diftinguiftied from each 
other, not by names but by numbers, four only are 
inhabited, viz. thofe which are called the firft, the fe- 
cond, the thirteenth, and the fourteenth. The laft two 
may indeed be counted only as one, becaufe the inhabi- 
tants all pafs the winter upon 14, and return to- 

13 to pafs the fummer months. The others are en- 
tirely uninhabited, the iflanders only landing there oc- 
cafionally from their canoes for the fake of hunting 
foxes and otters. Several of thefe laft mentioned iflands.. 
are no better than large rocks, and there is not a tree 
on any one of them. The currents are very violent be- 
tween the iflands, particularly at the entrance of the 
channels, feveral of which are blocked up by rocks oh 
a level with the fea. The population of the four inha- 
bited iflands amounts at moft to 1400 fouls. The in- 
habitants are very hairy, wear long beards, and live «n- 
tirely upon feals, fifti, and the produce of the chace. 
When vifited by M. Peroufe, they had juft been exemp- 
ted for ten years from the tribute ufually paid to Ruf- 
fia, becaufe the number of otters on their iflands is very 
much diminifhed. Thefe poor people are good, hofpi- 
table, and docile, and have all embraced the Chriftian 
religion. The more fouthern and independant iflanders 
fometimes pafs in canoes the channels that feparate them 
from the Ruffian Kuriles, in order to give fome of tlia 
commodities of Japan in exchange for peltries. 

L. 

JL«bdaffeba. T ABDASSEBA, a tribe of favage Arabs who in- 
1 ’ v" 1 -A—^ habit the defart of Sahara in Africa. They are 

the moft powerful of all thofe tribes except the Ouade- 
lims; and they referable tbefe fo much in every thing, 

that we fhall give an account of the manners of both 
under the title Ouadelims, and of their country under 
that of Sahara. 

LABORAXORY, is an apparatus fo necelfary to 
the 

Labors- 
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the chemift, that every contrivance to render it more lie difh.” 
convenient, or to lelTen the expence of it, muft contri- 
bute greatly to the advancement of fcience. The abi- 
lities of Morveau alias Guyton, and the fuccefs with 
which he has profecuted the ftudy of chemiftry, are 
well known ; and therefore his different methods of la- 
ving time and expence in making chemical experiments 
mult be worthy of the notice of younger chemills. 

In the fecond volume of the memoirs of the Ancient 
Academy of Dijon, we have a defeription by him of a 
box containing a kind of portable laboratory, compofed 
of a lamp with three wicks, difpofed in the figure of an 
equilateral triangle, to form an internal current of air, 
with fupports for the different veffels of digeflion, difi.il- 
lation, evaporation, &:c. He made a folution of filver 
with common aqua fortis and the metal in an alloyed 
Ifate, which anfwered very well as a re agent, without 
having occalion for any other utenfils but this box and 
apothecary’s phials, which are everywhere to be found. 

This apparatus, however, was confined in its applica- 
tion, and he foon thought of improving it. He con- 
Itrufted a lamp, on the principles of Argand, with three 
concentric circular wicks, each having an interior and 
exterior current of air. The effedf furpaffed his expec- 
tations with regard to the intenfity of the heat ; but it 
was difficult to prevent the deftru&ion of the hard folder 
round the wicks; and the glafs retorts were frequently 
melted at the bottom, and disfigured. It was attended 
with other inconveniences, and the quantity of oil con- 
fumed was great. 

A ffiort time afterwards, it occurred to him to fub- 
flitute, inftead of the glafs chimney of Argand’s lamp, 
a cylinder of copper with an indented part or ledge a 
few millimetres (fee Revolution, Encycl. n° 183.) a- 
bove the flame, to perform the office of the indented 
chimney of glafs, and by that means to render it practi- 
cable to raife the wick to a certain height without 
fmoaking. This cylinder has three branches like a chaf- 
fing-diffi. By this apparatus two or three decilitres of 
water (about half an Engliffi wine pint) may be brought 
to boil in a copper or glafs vefiel in about fix or feven 
minutes. It has ferved for a number of operations; but 
it was not till after he had obferved the degree of heat 
obtained from the lamp in its ordinary ftate, and parti- 
cularly fince he had fubftituted inltead of the metallic 
tube a chimney of glafs cut off at the length of three 
centimetres (rather more than one Englifh inch) above 
the contraction, that he perceived all the advantages it 
was capable of affording; and that by means of a move- 
able fupport for the reception of the different veffels, 
which may be fixed at pleafure by a thumb-ferew', this 
lamp furnace, at the fame time that it gives light, and 
confequently without any additional expence, may with 
facility be ufed for almoft every one of the operations 
of chemiftry ; fuch as digellions, folutiens, cryfiaffiza- 
tions, concentrations; the rectification of acids; diftilla- 
tions on the fand-bath, or by the naked fire ; incinera- 
tions of the moft refraCtory refidues ; analyfes with the 
pneumatic apparatus, or of minerals by the faline fufion, 

LAB 
The fupport here mentioned is Amply a cop- 

per ring eight centimetres (3,15 inch.) in diameter, 
which is railed or lowered by Hiding on a item of the 
fame metal. Nothing more was required but to adapt 
it to the fquare iron Item which paffes through the re- 
fervoir of the lamp. The connedion is made by a piece 
of wood, in order that lefs of the heat might be diiper- 
fed. As the lamp itfelf is capable of being moved oil 
its ftem, it is eafy to bring it nearer or remove it at 
pleafure from the veffels, which remain fixed ; a circum- 
Itance which, independent of the elevation or depreffion 
of the wick, affords the means of heating the retoits by 
degrees, qf moderating or fuppreffing the fire inftantly, 
or of maintaining it for feveral hours at a conftant or 
determinate intenfity, from the almoft infenfible evapo- 
ration of cryftallizable folutions to the ebullition of 
acids ; properties never poffeffed by the athanor, of 
which chemifts have boafted fo much. The advantage 
of thefe will be properly valued by thofe operators who 
know that the moft experienced dnd the moft attentive 
chemifts meet with frequent accidents, by which both 
their veffels and the produ&s of their operations are loft 
for want of power in the management of the fire.” 

For the analyfis of ftones, fuch as the cryftals of tin, 
the Ihortened chimney of glafs is to be ufed ; and the 
procefs is to be begun by placing the mixture in a cap- 
fule of platina or filver 2\ inches in diameter. This 
capfule is to be placed on the fupport, and the heat re- 
gulated in fuch a manner, that ebullition (hall take place 
without throwing any portion of the matter out of the 
veffel. As foon as its contents are perfectly dry, they 
are to be transferred into a very thin crucible of platina, 
of which the w'eight is about 252^ grains Engliffi, and 
its diameter one inch and three-fourths. This crucible 
refts on a fmall fupport of iron-wire, which ferves to 
contract the ring ; and the wick being at its greateft 
elevation, with the ring lowered to the diftance of 9^ 
inches from the upper rim of the chimney, Guyton pro- 
duced, in lefs than twenty minutes, the faline fufion 
to a fuch a degree, that from the commencement of the 
operation the decompofition proceeded as far as to 0.70 
of the mineral. The fame apparatus, that is to fay, 
with the ffiortened chimney, ferves for oxidations, in- 
cinerations, torrefattions, and dift illations to drynefs. 

In fuch operations as require a lefs heat, he leaves 
the lamp with its large chimney abfolutely in the fame 
ftate as when it is ufed for illumination ; and by railing 
and lowering either the ring which fupports the veffei, 
or the body of the lamp if the veffels be fixed in com- 
munication with others, he graduates the heat at plea- 
fure. Vinegar diftils without interruption at 2-f inches 
Engliffi from the upper termination of the chimney, 
that is to fay, 7^ inches Engliffi from the flame. Wa- 
ter is made to boil in eight minutes, at the fame height, 
in a glafs veffel containing one wine pint Englifli, and 
is uniformly maintained at the diftance of 8y inches 
from the flame. 

“ I muft not in this place (fays our author) omit to 
mention a flight obfervation which this procefs has af- 

&c. “ I have Uot (fays he) hitherto met with any excep- forded, becaufe it may lead to ufeful applications, and 
tion but for complete vitrifications and cupellations ; for 
even the diftillations to drynefs may be performed with 
fome precautions, fuch as that of transferring the matter 
into a fmall retort blown by the enameller’s lamp, and 
placing its bottom on a little fand-bath in a thin metal. 

tends to point out one great advantage of this method 
of operating ; namely, that an infinity of circumftances 
may be perceived, which might not even be fufpedfed 
when the whole procefs is carried on within a furnace. 
I have remarked, as did likewife feveral of my colleagues 
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who were then prefent, that a column of bubbles 'con- 
lb. tly rofe from a fixed point of the retort on one fide 
of the bottom. We were of opinion, that fome parti- 
cle of matter was in that place incorporated with the 
glafs, which had a different capacity for heat from that 
of the reft of the glafs. In order to verify this conjec- 
ture, I endeavoured the following d^y to diftil the fame 
quantity of the fame water in the fame retort, after ha- 
ving introduced a button of cupelled fiver, weighing 
nine decigrammes (29J grains). At the commence- 
ment of the operation there Was a fmall ftream of bub- 
bles from the fame point as before ; but a fhort time af- 
terwards, and during the whole remaining time of ope- 
rating, the largeft and moll inceffant ftream of bubbles 
rofe from the circumference of the button, which was 
often difplaced by the motion ; and in proportion to the 
time the produdf of the diftillation was fenfibly greater. 
Whence we may conclude, that metallic wires or rods, 
diftributed through a mafs of water, required to be kept 
in a ftate of ebullition, and placed a little below its fur- 
face, would produce, without any greater ex pence of 
fuel, nearly the fame efftft as thofe cylinders filled with 
ignited matter which are made to pafs through the 
boilers/’ 

We have related this fa£l in Guyton’s own words, 
or at leaft in a faithful tranflation of them ; and we are 
far from calling it in queftion, for it is a fa£t which has 
been often' obferved : but we think his inference from 
it too haftily drawn. It is not conceivable that heat 
can be more rapidly conveyed through a mafs of liquid 
by the conducing power of metal, than by a free circu- 
lation ; but we agree with what feems to be Mr Nichol- 
foft’s opinion *, that the thin ftratum of water beneath 
the button becomes more fuddenly and violently elaftic 
than elfewkere, and therefore rifes regularly to the fur- 
face. The whole of this phenomenon the reader will 
find explained in our article Steam, Encycl. n° 10. 
But this is a digrtffion. 

We return, therefore, to Guyton’s lahoratony, of 
which the reader will form a diftindl notion from plate 
XXXIII. where fig. 1. reprefents the whole apparatus 
ready mounted for diftillation, with the tube of fafety 
and a pneumatic receiver. A is the body or refervoir 
of the ufual lamp of Argand, with its fnade and glafs 
chimney. The lamp may be raifed or lowered at plea- 
fure by means of the thumb fcrew B, and the wick rifes 
and falls by the motion of the fmall toothed wheel pla- 
ced over the wafte cup. This conftruttion is moft conve- 
nient, becaufe it affords the facility of altering the pofi- 
tion of the flame with regard to the veflels, which remain 
fixed; and the troublefome management of bended wires 
above the flame for the fupport of the veflels is avoided, 
at the fame time that the flame itfelf can be brought 
nearer to the matter on which it is intended to aft. D, 
a fupport confifting of a round ftem of brafs, formed of 
two pieces which fcrew together at about two thirds of 
its height. Upon this the circular ring E, the arm F, 
and the nut G Aide, and are fixable each by its refpec- 
tive thumb-ferew. Bbe arm alfo carries a moveable 
piece H, which ferves to fufpend the veflels in a conve- 
nient iituation, or to fecure their pofition. The whole 
fupport is attached to the fquare iron ftem of the lamp 
by a piece of hard wood I, which may be fixed at any 
icquired fituation by its fcrew. K reprefents a ftand 
for the receivers. Its moveable tablet E is fixed at any 

required elevation by the wooden fcrew M. The piece 
which forms the foot of this ftand is fixed on the board 
N ; but its relative pofition with regard to the lamp 
may be changed by fliding the foot of the latter be-1 
tween the pieces OO. P, another ftand for the pneu^ 
matic trough. It is raifed or lowered, and fixed to its 
place, by a ftrong wooden fcrew R is a tube of 
fafety, or reverfed fyphon, which ferves, in a great mea- 
fure, to prevent the bad effeifs of having the veffels ei- 
ther perftftly clofed, or perfectly open. Suppofe the 
upper bell-ftiaped veflel to be nearly of the fame magni- 
tude as the bulb at the lower end of the tube, and that 
a quantity of water, or other fuitable fluid, fomewhat 
lefs than the contents of that veffel, be poured into the 
apparatus : In this fituation, if the elafticity of the con- 
tents of the veflels be lefs than that of the external air, 
the fluid will defeend in the bulb, and atmofpheric air 
will follow and pafs through the fluid into the veflels : 
but, on the contrary, if the elafticity of the contents be 
greater, the fluid will be either fuftained in the tube, or 
driven into the bell-fhaped veflel ; and if the force be- 
ftrong enough, the gafeous matter will pafs through the 
fluid, and in past efcape. 

Fig. 2. Shews the lamp furnace difpofed to produce^ 
the faline fufion ; the chimney of glals fhortened ; the 
fupport D turned down; the capfule of platina or filver 
S placed on the ring very near the flame. 

Fig. 3. The fame part of the apparatus, in which, 
inftead of the capfule, a very thin and fmall crucible of 
platina T is fubftituted, andrefts upon a triangle of iron 
wire placed on the ring. 

Fig. 4. Exhibits the plan of this laft difpofition. 
LACERTA, in aftronomy. See Astronomy, n-J 

40^. Encycl. 
LACMUS, a dye fluff prepared by the Dutch from 

the Lichen rocella, which fee in this Supplement. 
LACSHA, the Indian name of the lac infeft, which 

has been deferibed in the Encyclopedia under the title 
Coccus, Species 5. Since that article was publifhed,. 
a defeription of that infeft, which is more to be depend- 
ed upon, has been given to the world in the fecond vo- 
lume of the Afiatic Refearches. It is by Mr Rox- 
burgh, furgeon on the Madras eftablifhment, and was 
communicated to the Society by Dr James Anderfon 
phyfician at Fort St George, wftio oblerves, that Mr 
Roxburgh’s difeovery will bring the lacfha as a genus- 
into the clafs Hemiptera of Linnseus. 

“ Some pieces of very frefti-looking lac (fays Mr 
Roxburgh), adhering to fmall branches of mimofa ci- 
nerea, were brought me from the mountains on the 20th 
of November 1 789. I kept them carefully, and to- 
day, the 4th of December, fourteen days from the time 
they came from the hills, myriads of exceedingly minute 
animals were obferved creeping about the lac, and 
branches it adhered to, and more ftill ifluing from fmall- 
holes over the furface of the cells : other fmall and per- 
forated excrefcences were obferved with a glafs amongft; 
the perforations, from which the minute infefts iflued,. 
regularly two to each hole, and crowned with fome 
very fine white hairs. When the hairs were rubbed 
off, two white fpots appeared. The animals, when finglc, 
ran about pretty biifkly, but, in general, they were fo 
numerous as to be crowded over one another. The 
body is oblong, tapering moft towards the tail, belftwr 
plain, above convex, with a double or flat margin :• la- 

terally 
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Lacffca. terally on the back part of the thorax are two fmall tu- 

bercles, which may be the eyes : the body behind the 
thorax is crofTcd with twelve rings: legs fix ; feelers 
(antenna;) half the length of the body, jointed, hairy, 
each ending in two hairs as long as the antenna; . rump, 
a white point between two terminal hairs, which are as 
long as the body of the animal. The mouth I could 
not fee. On opening the cells, the fubftance that they 
were formed of cannot be better defcribed, with iefpe£t 
to appearance, than by faying it is like the tianfparent 
amber that beads are made of: the external covering of 
the cells may be about half a line thick, is icroarkably 
ftrong, and able to refill injuries : the partitions are 
much thinner : the cells are in general irregular fquares, 
pentagons and hexagons, about an eightn of an inch in 
diameter, and one quarter deep : they have no comma- 
nication with each other. All thole I opened during 
the time the animals were iffuing, contained in one half, 
a fmall bag filled with a thick red jelly-like liquor, re- 
plete with what I take to be eggs: thefe bags, or utrL 
culi, adhere to the bottom of the cells, and have each 
two necks, which pafs through perfoi'ations in the ex- 
ternal coat of the cells, forming the fore mentioned ex- 
crefcences, and ending in fome very fine hairs. 1 he 
other half of the cells have a diftina opening, and con- 
tain a white fubltance, like fome few filaments of cotton 
relied together, and numbers of the infeds themfelves 
ready to make their exit. Several of the fame inleCts 
1 obterved to have drawn up their legs, and to lie fiat: 
they did not move on being touched, nor did they fiievv 
any figns of life with the greateft irritation. 

o The fame minute hexapedes continue 
iffuing from their cells in numbers: they are more live- 
ly, of a deepened red colour, and fewer of the motion- 
kfs fort. To-day I faw the mouth : it is a flattened 
point about the middle of the bread, which the little 
animal projeds on being comprefied. 

t( December 6. The male infeds I have found to-day: 
a few of them are conftantly running among the females 
moft adively : as yet they are fcarce more, I imagine, 
than one to 5000 females, but twice their fize. 1 he 
head is obtufe ; eyes black, very large ; antennae clava- 
ted, feathered, about -fds the length of the body: below 
the middle an articulation, fuch as thofe in the legs : 
colour betwen the eyes a beautiful fhining green: neck 
very diort ; body oval, brown : abdomen oblong, the 
length of body and head: legs fix: wings membranace- 

* ous, four, longer than the body, fixed to the fides of 
the thorax, narrow at their infertions, growing broader 
for 4ds of their length, then rounded; the anterior pair 
is twice the fize of the poderior: a drong fibre runs 
along their anterior margins : they lie flat, like the 
wings of a common fly when it walks or eds: no hairs 
from the rump : it fprings mod adively to a confider- 
able didance on being touched ; mouth in the under 
part of the head : maxillae tranfverfe. To-day the fe- 
male infeds continue iffuing in great numbers, and move 
about as on the 4th. 

“ December 7. The fmall red infeds Hill more nu- 
merous, and move about as before : winged infeds, dill 
very few, continue a dive. There have been frefh leaves 
and bits of the branches of both Mimofa Cinerea and 
Corinda put into the wide mouthed bottle with them : 
they walk over them indifferently, without filewing any 
preference, or inclination to work or copulate. I open- 
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ed a cell whence I thought the winged flies had come, Lamano.x 
and found feveral, eight or ten, more in it, druggling to 
fliake off their incumbrances; they were in one of thofe 
utriculi mentioned on the 4th, which ends in two 
mouths, fhut up with fine white hairs, but one of them 
was open for the exit of the flies • the other would no 
doubt have opened in due time : this utriculus I found 
now perfedly dry, and divided into cells by exceeding 
thin partitions. I imagine, before any of the flies made 
their efcape, it might have contained about twenty. In 
thefe minute cells with the living flies, or whence they 
had made their efcape, were fmall dry dark-coloured 
compreffed grains, which may be the dried excrements 
of the flies.” 

LAMANON (Robert Paul), of the Academy at 
Turin, correfpondent of the Academy of Sciences at 
Paris, and member of the Mufeum in the fame city, was 
born at Salon in Provence, in 1752, of an old and re- 
fpe&able family. Being a younger fon, he was deftined 
for the church, and fent to Paris to complete his theo- 
logical ftudies ; but getting acquainted with the philo- 
fophers (as they called themfelves), he foon loft all relifti 
for the ftudy of theology, and devoted himfeif to the 
phyfical fciences, efpecially thofe of chemiftry and mi- 
neralogy. Into the church, however, he got, and rofe 
to the dignity of canon ; but by the death of his father 
and elder brother, having acquired the right of direfting’ 
his own future exertions, he haftened to quit a profef- 
lion, towards which he felt no partiality. 

A prelate, then in high favour at court, hearing of 
Lamanon’s intention of quitting his cilice of canon, of- 
fered him a confiderable fum, to induce him to refign in 
favour of one of his dependents. The chapter of Ar- 
les, replied our young eccleiiaftic, did not fell me my 
benefice ; I {hall therefore reftore it in the fame manner 
that I received it. This conduft was certainly merito- 
rious ; and his eulogift Ponce mentions another trait of 
his character, which fets him in a very amiable point of 
view ; he refufed to accept of his paternal inheritance, 
otherwife than as an equal fharer with his brothers and- 
lifters. . - , 

Thus liberated from the trammels of hi? former pro-- 
feffion, Lamanon applied himfeif with unqqmmon ar- 
dour to ftudy. Eager to raife the awful veil that con- 
ceals from our eyes the fecrets of Nature ; perfuaded, 
that even the greateft genius only aqnufes-itfelf with falfe 
fyftems in the iilence of a ,cabinet;-convinced of the ne- 
ceffity of much and. various obievvatipn, and of furpri- 
fing Nature as it were in the very fa£t, in order to pe- 
netrate into the fublimity of her operations; - our young 
philofopher travelled through Provence and Dauphine, 
and fealed the Alps and Pyrenees. At the fight of 
thefe vaft natural laboratories the bent of his mind burft 
forth inftantaneoufiy : he climbed to the fummit of 
rocks, and explored the abyfs of caverns, weighed the 
air, analyfed fpecimens, and, in his ardent fancy, having 
attained the fecrets of creation, he formed a new fyftem 
of the world. On his return home, he applied with ad- 
ditional intereft to the ftudy of meteorology, mineralo- 
gy, natural philofophy, and the other branches of the 
hiftory of nature.. 

Whilft he was meditating a vifit to Paris for the pur- 
pofe, as his eulogift exprefl'es himfeif, of converfing with 
the luminaries of fcience, the inhabitants of the com- 
mune of Salon, having loft a caufe againft their lord* 

unant- 
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. ■u’lanop. unanirnoufly elefted Lamanon, with whofe integrity and 

v~ abilities they were well acquainted, to go and folicit of 
the council the repeal of an unjuft decree that had beat 
obtained by partiality. The reply of the young philo- 
fopher on this occalion is an additional proof of his un- 
common difintereftednefs. “ As I intend (faid he) to 
go to Paris on bufinefs of my own, I cannot think of 
accepting your offer of 24 livres daily pay : a twelfth 
of this fum will cover the extraordinary expences of the 
journeys that I (hall be obliged to make to Verfailles on 
your account.” He had the fatisfadion of complete 
fuccefs in the bufinefs thus undertaken. 

Having fatisfied his curiolity in Paris, he went over 
to England-. During the paffage, though much incom- 
moded by fea-fickneis, and in imminent hazard of being 
overwhelmed by the tumbling waves of a very ftormy 
fea, he caufed himfelf to be tied to the main-malt, in 
order to contemplate at leifure fo grand and fearful a 
ipedtacle. I he burfts of thunder, the howling of the 
wind, the brilliancy of the lightning, the glancing of 
the fpray which covered him every moment, thefe ob- 

terfible to an ordinary man, threw him into a 
kind of mental intoxication, and he has often declared 
that this day was the moft exquifite of his whole life. 

Convinced that the friendftu'p of an eminent man ele- 
vates the foul, excites generous emulation, and becomes 
an additional ftimulus to one whofe delight is ftudy, and 
whofe moft pieffing want is an objeft on which to place 
lus affedtion, Lamanon anxioufly endeavoured to merit 
the regard of Condorcet, fo well known by his ta- 
lents, his impieties, his rebellion, and his misfortunes. 
This academician, jultly confidering that an apoftate 
priett would be ready to join the confpiracy of the phi- 
lofophifts againft the altar and the throne, received La- 
manon with diftimftion, and at length admitted him to 

. his moft intimate friendfhip. 
During the three firccellive years that Lamanon fpent 

at Pans, lie followed with care the track of thole learn- 
ed locieties, of which he had been eledted a member. 
He became at this period, together with Count de Ge- 
belm, and fome other philolophers and artifts, one of 
the founders of the Mufeum, the greater part of the 
members of which are now reunited in the open focietv 
of fciences, letters, and arts, at Paris. Among the dif- 
ferent papers of his that were read at Various meetings 
of thefe focieties, Ponce mentions with particular ap- 
probation what he calls a notice of Adam de Crapone, 
an eminent hydraulic engineer ; a memoir on the Cre- 
tins ; a memoir on the theory of the winds ; a treatife 
on the alteration in the courle of rivers, particularly the 
Rhone ; and another on an enormous bone belonging 
to fome cetaceous filh, that was dug up at Paris, in lay- 
ing the foundations of a houfe in the Rue Dauphine. 
We have not feen thefe memoirs ; but as their author 
was the friend of Condorcet, and fancied that he had 
attained the fecrets of creation, we can eafily conceive 
their tendency. 

Having refoived again to revifit Switzerland and I- 
taly, Lamanon firft went to Turin, where he allied hitn- 
felf to the learned of that country. During his flay 
there, the brilliant novelty difeovered by Montgolfier 
was occupying the attention of all the philofophers of 
Luiope. Lamanon, defirous of making fome experi- 
ments of this kind himfelf, afeended in a balloon from 
the city of rurin; but not perceiving in this difeovery, 
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which had at firft highly interefted him, an objeA of bamanon, 
public utility ; not forefeeing, that one day, on the -v*1—1 

plains of Fleurus, it would be the eaufe of rallying and 
eftabliftiing vi&ory under the ftandards of France, he 
returned to his favourite occupations. Purfuing his 
route from Piedmont, he vjfited Italy, and returned by 
Switzerland, where he explored the Alps and afeended 
the fummit of Mont Blanc : thence returning, loaden 
with the ipod3 of the countries which he had traverfed, 
to I royence, he employed himfelf in the arrangement 
of the interefting fruits of his journey. 

Ot the fcrupulous exaftnefs of fus obfervations, his 
eulogift gives the following inftance : tc Being convin- 
ced that the plain of Crau, divided by the channel of 
the Durance, had formerly been a lake, he wifhed to 
be abfolutely affured of it. For this purpofe he col- 
lected a fpecimen of each of the ftones that are to be 
found in this vaft plain ; the number of thefe he found 
to amount to- nineteen ; then tracing the courfe of the 
river towards its head, near the frontiers of Savoy, he 
obferved, that above each junftion of the tributary 
ftreams with the Durance, the variety of pebbles di- 
mimfhed. Afterwards afeending the current of each 
of thele fmaller ftreams, he difeovered on their banks 
the original rock of every pebble that overfpreads the 
plain of Crau ; thus inconteftably proving, that this 
plain was anciently a lake formed by the waters of the 
Durance, and the ftreams that fall into it. If all philo- 
fophers (fays our author) would condud their exami- 
nations with equal preciiion, certain hypothefes, more 
brilliant than folid, would not find fo many admirers; 
the charm of imagination, and the graces offtyle, would 
not fo often encroach upon the imprefcriptable rights 
of nature and truth.” 

To citizen Ponce this appears a demonftration of La- 
manon’s theory ; but we cannot fay that it does fo to 
us. . It may be a kind of proof, though not a demon- 
ftration, that in fome convulfion of nature ftones had 
been rolled from the rock, and the plain of Crau, for a 
time, overflowed by the Durance ; but it furtly fur- 
nifties no evidence of that plain’s having ever been a 
permanent lake. It may have been fo ; but fuch invef- 
tigations as this will not guard philoibphers againft the 
delufions of favourite hypothefts. 

It was at the time when Lamanon was preparing for 
the pi els his great work on the 'Theory of the Earthy 
that the French government conceived the vaft projeCt 
of completing the difeoveries of Captain Cook: the aca- 
demy of fciences was entrufted with the care of felecL 
ing men capable of re&ifying our notions of the fouth- 
ern hemifphere, ot improving hydrography, and advan- 
cing the progrefs of natural hiftory. Condorcet, not 
knowing any one better qualified for this laft depart- 
ment than Lamanon, wrote to him an invitation to fhare 
the danger and glory of this great enterprize. He ac- 
cepted with eager tranfport a propofal that fulfilled his 
h'gheft expeHations, haftened to Paris, refufed in a 
conference with the minifter the falary that was offer- 
ed, took a hafty leave of his friends, and departed for 
Brell. 

On the ill of Auguft 1785, the armament fet fail 
under the orders of La Peroufe, an experienced com- 
mander, whofe patriotifm and feientific zeal were equal 
to his courage and good fenfe, and who had already 
merited the public confidence. The philofophers of all 

Europe 
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Lamanon, Europe were in expectation of thofe ufeful difcoveries, 

i.amp. t^e probable fruit of the zeal and talents employed in 
the expedition. The beginning of the voyage was 
profperous. After various delays, and a multitude of 
obfervations, the two veffels arrived at the idand of 
Maouna, one of the fouthern Archipelago. The im- 
patient Lamanon, eager to affure himfelf of the truth 
of the publifhed accounts of that country, debarked 
with Langle, the fecond in command. At the moment 
of their return, the natives, in hopes of booty, which 
had been excited by the number of prefents that they 
had received, feized upon the boats, and attacked thsi, 
party. The French were obliged to have recourfe to 
arms for felf-defence, and a defperate combat enfued. 
Lamanon, Lang’e, and ten of the two boats crews, fell 
a facrifice to the fury of thefe barbarians. 

Thus perifhed Lamanon, a young man ardent in the 
purfuits of fcience, to a high degree difinterefted, and a 
zealot in what he thought the caufe of liberty. He re- 
fufed the falary which was allotted to him when he was 
appointed to this unfortunate expedition; for “ if 1 do 
not feel fatisfied (faid he) on board the velfel; if my in- 
clination or curiolity lead me to quit the (hip, — I fhould 
be unhappy if any power in the world had acquired the 
right of preventing me.” 

According to M, Ponce, Lamanon feemed born to 
bring about a revolution in fcience : the depth of his 
ideas, the energy of his chara&er, the fagacity of his 
mind, united to that lively curiofity that can draw in- 
Itru&ion out of any thing, and leaves nothing unexplo- 
red, would have led him to the moll valuable difco- 
veries. In perfon he was tall; and to great vivacity 
and expreffion of feature added prodigious (Length 
and aClivity ; in a word, Nature formed him with fuch 
care, as if (he had intended him for one of thofe few 
who are deftined to great exploits. His (tyle was ner- 
vous, often poetical, without lofing light ot propriety, 
and the language of fentiment might frequently be di(- 
covered in the midlt of (trong and (triking exprefiions ; 
and if he wanted the exquilitely dazzling polirtr of dic- 
tion, he was eminently gifted with the preciiion of lo- 
gical reafoning, which commands attention and enforces 
perfuafion. 

LAMP (fee Encycl.) is an inftrument comprifing 
three articles which demand our attention, v'fz. tne oil, 
the wick, and the fupply of air. It is required that the 
oil (hould be readily inflammable, without containing 
any fetid fubftance which may prove offenfive, or muci- 
lage, or other matter, to obftruCt the channels of the 

* Journal, wick. Mr Nicholfon fays*, that he knows of no procels 
*■ by which oils can be meliorated for this purpofe, except 

that of waflung with water containing acio or alkali. 
Either of thefe is faid to render the mucilage of animal 
oils more foluble in water ; but acid is to be preferred, 
becaufe it is lefs difpofed to combine with the oil it- 
felf. Perhaps oil might be deprived of all fetid fmell 
in burning, by being made to pafs through Collier s 
filtering apparatus, defcribed under the word Filter. 
in this Suppl. 

The^ffice of the wick appears to be chiefly, it not 
folely, ft convey the oil by capillary attradion to the 
place of combuftion. As the oil is confumed and flies 
off, other oil fucceeds, and in this way a continued cur- 
rent of oil and maintenance of the flame are effedted. 
But as the wicks of lamps are commonly formed of 

combuftible matter, it appears to be of fome confequence Lamp, 
what the nature and ftrutture of this material may be. u—"v-”" 
It is certain that the flame afforded by a wick of ru(h 
differs very confiderably from that afforded by cotton ; 
though perhaps this difference may, in a great meafure, 
depend on the relative dimenlions of each. And if we 
may judge from the different odour in blowing out a 
candle of each fort, there is fome reafon to fufpeft that 
the decompofition of the oil is not effedted precifely in 
the fame manner in each. We have alfo fome obfcure 
accounts of prepared wicks for lamps, which are (fated 
to poffefs the property of facilitating the combuftion of 
very impure oils, fo that they (hall bum for many hours 
without fmoke or fmell. 

The economical wicks of M. Leger, concerning 
which a report was prefented to the Academy at Paris 
in 1782 by Condorcet, Lavoifier, and De Milly, were 
compofed of cotton of different fizes and forms, namely, 
round and fiat, according to the ufe they were intended 
to ferve. They were covered with a fat fubftance, of 
a fmell not difagreeable, but feebly aromatic. From 
the trials of thefe commiffaries it was afcertained : 1. 
That they afforded a clearer flame, with leis undulation. 
2. That they confumed fomewhat lefs oil; and, 3. That 
they pofleffed the i-emarkable property of affording 
neither fmell nor fmoke, however common the oil made 
ufe of. When ufing a lamp with a flat wick, we have 
ourfelves found a piece of clean cotton (locking anfwer 
the purpofe better than the cotton wicks which are fold 
in the drops. 

The accefs of air is of the laft importance in every 
procefs of combuftion. When a lamp is fitted up wfith. 
a very (lender wick, the flame is (mail, and of a brilliant 
white colour : if the wick be larger, the combuftion is 
lefs perfect, and the flame is brown : a (till larger wick 
not only exhibits a brown flame, but the lower internal 
part appears dark, and is occupied by a portion of vo- 
latilifed matter, which does not become ignited until it 
has afcended towards the point. When the wick is 
either very large or very long, part of this matter efcapes 
combuftion, and (hews itfelf in the form of coal or 
fmoke. The different intenfity of the ignition of flame, 
according to the greater or lefs fupply of air, is remark- 
ably feen by placing a lamp with a fmall wuck beneath 
a (hade of glafs not perfedfly clofed below, and more or 
lefs covered above. While the current of air through 
the glafs (hade is perfe&ly free, the flame is white; but 
in proportion as the aperture above is diminiflred, the 
flame becomes brown, long, wavering, and fmoky ; it 
inftantly recovers its original whitenefs when the open- 
ing is again enlarged. The inconvenience of a thick 
wick has been long fince obferved, and attempts made 
to remove it ; in fome inftances, by fubftituting a num- 
ber of fmall wicks inftead of a larger; and in others, by 
making the wick flat inftead of cylindrical. The moft 
fcientific improvement of this kind, though perhaps lefs 
iimple than the ordinary purpofes of life demand, is 
the well known lamp of Argand, defcribed in the En- 
cyclopaedia. 

Much has been faid of this lamp, and great praife 
lavilhed on the inventor. It cannot indeed be denied 
that it was a very pretty invention, nor have we the 
flighted wifli to detradf from the merit of M. Argand; 
but truth compels us to fay, that the fame thought had 
occurred to others as early as to him, and that lamps 

had! 
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l amp. }iaci keen conftrufted on his principles long before he 

had publiflied an account of his lamp to the world (a). 
Many ingenious men have endeavoured to determine 

the moil economical method of lighting up large halls 
and workhoufes by means of different lamps and candles; 
and when the expence of tallow and oil is confidered, it 
will be admitted that they could not employ their time 
rn a manner more beneficial to the poor and the induf- 
trious. Among others, Count Rumford and M. Haf- 
fenfratz have turned their attention to this fubjedl; and 
the refults of their inveftigations are worthy of notice. 
To the Count, a method occurred for meafuring the re- 
lative quantities of light emitted by lamps of different 
conftru&ions, which is at once iimple and accurate. It 
is as follows : 

Let the two burning lamps, or other lights to be 
compared, be called A and B ; and let them be placed 
at equal heights upon two light tables, or moveable 
Hands, in a darkened room ; let a fheet of clean white 
paper be equally fpread out, and fattened upon the 
wainfcot, or fide of the room, at the fame height from 
the floor as the lights; and let the lights be placed over- 
againft this fneet of paper, at the diltance of fix or eight 
feet from it, and fix or eight feet from each other, in 
inch a manner, that a line drawn from the centre of the 
paper, perpendicular to its furface, ffiall bifedl the angle 
formed by lines drawn from the lights to that centre ; 
in which cafe, confidering the fheet of paper as a plane 
fpeculum, the one light will be precifely in the line of 
reileflion of the .other. 

This may he eafily performed, by adlually laying a 
piece of a looking-glafs, fix or eight inches fquare, flat 
upon the paper, in the middle of it ; and obferving, by 
means of it, the real lines of reflection of the lights from 
that plane, removing it afterwards, as foon as the lights 
are properly arranged. When this is done, a fmall cy- 
linder of wood, about one-fourth of an inch in diame- 
ter, and fix inches long, muft be held in a vertical pofi- 
tion, about two or three inches before the centre of the 
fheet of paper, and in fuch a manner, that the two fha- 
dows of the cylinder, correfponding to the two lights, 
may be diilindlly feen upon the paper. 

If thefe fhadows fhould be found to be of unequal 
denfities, -which will almoft always be the cafe, then that 
light whofe correfponding fhadow is the denfeil muff 
be removed farther off, or the other muff be brought 
nearer to the paper, till the denfities of the fhadows ap- 
pear to be exactly equal ; or, in other words, till the 
denfities of the rays from the two lights are equal at the 
furface of the paper; when, the diftances off the lights 
from the centre of the paper being meafured, the fquares 
of thofe diftances will be to each other as the real in- 
tenfities of the lights in queffion at their fources. 

If, for example, the weaker light being placed at the 
diftance of four feet from the centre of the paper, it 
fhould be found neceffary, in order that the fhadows 
may be of the fame denfity, to remove the ftronger light 
to the diftance of eight feet from that centre, in that 
cafe, the real intenfity of the ftronger light will be to 
that of the weaker as b2 to 42; or as 64 to 16 ; or 4 to 
I ; and fo for any other diftances. 

It is well known, that when any quality proceeds 
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from a centre in ftraight lines in all diredlions, like the 
light emitted by a luminous body, its intenfity at any '—-v— 
given diftance from that centre will be as the fquare of 
that diftance inverfely ; and hence it is clear, that the 
intenfities of the lights in queftion, at their fources, 
muft be to each other as the fquares of their diftances 
from that given point where their rays uniting are found 
to be of equal denjity. For, putting x = the inteniity 
of B, if P reprefents the point where the rays from A 
and from B meeting are found to be of equal denfity or 
ftrength, and if the di(lance of A from P be = m, and 
the diftance of B from the fame point P rr « ; then, as 

x 
the intenfity of the light of A at P is = and the 

intenfity of the light of B at the fame place = ~, and 

• . x y as it is ^7 rr —j by the fuppofition, it will be * : y : : 

m ; n . 
That the fliadows being of equal denfity at any given 

point, the intenfities of the illuminating rays muft of 
neceflity be equal at that point alfo, is hence evident 
that the total ahfence of light being perfedl blacknefs, 
and the fhadow correfponding to one of the lights in 
queftion being deeper or fainter, according as it is more 
or lefs enlightened by the other, when the (hadows are 
equal, the intenfities of the illuminating rays muft be 
equal likewife. 

In removing the lights, in order to bring the fhadows 
to be of the fame denfity, care muft be taken to recede 
from, or advance towards, the centre of the paper in a 
ftraight line, fo that the one light may always be found 
exaddly in the line of refledlion of the other ; otherwife 
the rays from the different lights falling upon the paper, 
and confequently upon the fhadows, at different angles, 
will render the experiment fallacious. 

When the intenfity of one flrong light is compared 
with the intenfities of feveral fmaller lights taken toge- 
ther, the fmaller lights fhould be placed in a line per- 
pendicular to a line drawn to the centre of the paper, 
and as near to each other as poflible ; and it is likewife 
neceffary to place them at a greater diftance from the 
paper than when only fingle lights are compared. 

In all cafes, it is abfolutely neceffary to take the 
greateft care that the lights compared be properly trim- 
med, and that they burn clear and equally, otherwife 
the refults of the experiments will be extremely irregular 
and inconclufive. It is aftonifhing what a difference 
there is in the quantities of light emitted by the fame 
candle, when it burns with its greateft brilliancy, and 
when it has grown dim for want of fluffing. But as 
this diminution of light is progreffive, and as the eye 
infenfibly conforms to the quantity of light actually pre- 
fent, it is not always taken notice of by the fpetlators; 
it is neverthelefs very confiderable, in fail, as will be 
apparent to any one who will take the trouble to make 
the experiment ; and fo great is the fludluation in the 
quantity of light emitted by burning bodies, lamps, or 
candles, in all cafes, even under the moft favourable cir- 
cumfiances, that this is the fource of the greateft diffi- 
culties which our author met with in determing the 

relative 

(a) One of thefe was employed in the college of Glafgow, by the ledlurer on chemiftry, fo long ago as 1766. 

[ 64 ] 



LAM [ 65 ] L A M 
lamp, relative intenfities of lights by the method here pro- 

pofed. 
To afcertain by this metliod the comparative denfi- 

ties, or intenfities, of the light of the moon and of that 
of a candle, the moon’s diredb rays mull; be received up- 
on a plane white furface, at an angle of incidence of 
about 6otf, and the candle placed in the line of the re- 
flection of the moon’s rays from this furface ; when the 
fliadows of the cylinder, correfponding to the moon's 
light and to that of the candle, being brought to be of 
equal denfity, by removing the candle farther off, or 
bringing it nearer to the centre of the white plane, as 
the occafiou may require, the intenfity of the moon’s 
light will be equal to that of the candle at the given 
diflance of the candle from the plane. 

To afcertain the intenfity of the light of the heavens, 
by day or by night, this light muff be let into a darken- 
ed room through a long tube blackened on the infide, 
when its intenfity may be compared with that of a candle 
or lamp by the method above defcribed. 

The Count, however, has contrived an apparatus for 
afcertaining the intenlity of the fun’s light, compared 
with the light emitted by any artificial illuminator, with 
much greater accuracy than it can be done by this iim- 
ple method. That apparatus we fliall defcribe under 
the title Photometer, in this Supplement; and in the 
mean time we proceed to lay before our readers the re- 
fults of his experiments as they relate to economy in the 

! production of artificial light, 
the re- The brilliancy of Argand’s lamp is not only unrival- 

ativequan-iecj} |3Ut the invention is in the higheft degree ingenious, 

onfumVd1 an^ t^ie in^rument ufeful for many purpofes; but ftill, 
md of light to judge of its real merits as an illuminator, it was ne- 
■tnitted, by ceffary to know whether it gives more light than another 
in Ar- lamp in proportion to the oil confumed. This point he de- 

anq/and termined in the following manner: 
3y a lamp Having placed an Argand’s lamp, well trimmed, and 

1 the com-burning with its greatefl brilliancy^ before \\h photome- 
mon^con- ter^ an(i over againft it a very excellent common lamp, 

»v;th a ri- w‘th a riband wick about an inch wide, and which 
aand wick, burnt with a clear bright flame, without the leaft ap- 

pearance of fmoke, he found the intenfities of the light 
emitted by the two lamps to be to each other as 17956 
to 9063 ; the denfities of the fhadows being equal when, 
the Argand’s being placed at the diilance of 134 inches, 
the common lamp was placed at the diftance of 95,2 
inches, from the field of the photometer. 

Both lamps having been very exaCtly weighed when 
they were lighted, they were now (without being re- 
moved from their places before the photometer) caufed 
to burn with the fame brilliancy jull 30 minutes ; they 
were then extinguilhed and weighed again, and were 
found to have confumed of oil, the Argand’s lamp 
ttVt* and the common lamp °f a Bavarian 
pound. 

Now, as the quantity of light produced by the Ar- 
gand’s lamp, in this experiment, is to the quantity pro- 
duced by the common lamp as 17956 to 9063, or as 
187 to 100, while the quantity of oil confumed by 
the former is to that confumed by the latter only in 
the ratio of 253 to 163, or as 155 to 10c, it is evident 
that the quantity of light produced by the combultion 
of a given quantity of oil in an Argand’s lamp is great- 
er than that produced by burning the fame quantity in 
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a common lamp, in the ratio of 187 to 155, or as 100 l amp. 

The faving, therefore, of oil which arifes from ma- 
king ufe of an Argand’s lamp inftead of a common 
lamp, in the production of light, is evident ; and it ap- 
peal s, from this experiment, that that faving cannot 
amount to lefs than fifteen per cent. How far the ad- 
vantage of this faving may, under certain circumltances, 
be counterbalanced by inconveniences that may attend 
the making ufe of this improved lamp, our author does 
not pretend to determine. a 

The Count made a confiderable number of experi-Of the re- 
ments to determine the relative quantities of light emit-^t‘ve<luan" 
ted by an Argand’s lamp and a common wax-candle ; 
and the general refult of them is, that a common Ar-teq by an 
gand’s lamp, burning with its ufual br^htnefs, gives Argand’s 
about as much light as nine good wax-candles ; but thelamP aIK* 
fixes and qualities of candles are fo various, and the 
light produced by the fame candle fo fluctuating, that candle, 
it is very difficult to afcertain, with any kind of preci- 
fion, what a common wax-candle is, or how much light . 
it ought to give. He once found that his Argand’s 
lamp, when it was burning with its greatelt brilliancy, 
gave twelve times as much light as a good wax-candle 
|ths ol an inch in diameter, but never more. 3 

I o determine to what the ordinary variations in the Of the flue- 
quantity of light emitted by a common wax-candle tuat'?ns 

might amount, he took fuch a candle, and, lighting it,^.^^ 
placed it before the photometer, and over againft it an candles. 
Argand’s lamp, which was burning with a very fteady 
flame ; and meafuring the intenfity of the light emitted 
by the candle from time to time, during an hour, the 
candle being occaiionally fiiuffed wheh it appeared to 
Hand in need of it, its light was found to vary from 10O 
to about 60. The light of a wax-candle of an inferior 
quality was ftill more unequal ; but even this was but 
trifling, compared to the inequalities of the light of a 
tallow- candle. 

An ordinary tallow-candle, of rather an inferior qua- 
lity, having been juft fnuffed, and burning with its 
greateft brilliancy, its light was as 100 ; in eleven mi- 
nutes it was but 59 ; after eight minutes more had 
elapfed, its light was reduced to 23 ; and in ten minutes 
more, or twenty-nine minutes after it had been kill fnufF- 
ed, its light was reduced to 16. Upon being again 
fnuffed, it recovered its original brilliancy, 100. 4 

In order to afcertain the relative quantities of bees Of the re- 
wax and of olive-oil confumed, in the production of!?t.*vecfiiai1- 
light, the Count proceeded in the following manner: ]tees wax 
Having provided an end of a wax-candle of the belt tallow, 
quality, ,68 of an inch in diameter, and about four olive-oil, 
inches in length, and a lamp with five fmall wicks, which raPej?^» 
he had found upon trial to give the fame quantity of^q^j' 
light as the candle, he weighed very exadtly the candle confumed 
and the lamp filled with oil, and then, placing them at in the pro- 
equal diftances (forty inches) before the field of the pho- do^ion of 
tometer, he lighted them both at the fame time ; and,ilsU‘ 
after having caufed them to burn with precifely the 
fame degree of brightnefs jufl one complete hour, he ex- 
tinguifhed them both, and, weighing them a fecond 
time, he found that ico parts of wax and 129 parts of 
oil had been confumed. 

Hence it appears, that the confumption of bees- 
wax is to the confumption of olive-oil, in the producs- 
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Iron of the fame given quantity of light, as too is to 
129. 

In this experiment no circumilance was negle&ed that 
could tend to render the refult of it conclulive ; care 
was taken to fnuff the candle very often with a pair of 
fharp fciffars, in order to make it burn conftantly with 
the fame degree of brilliancy ; and the light of the lamp 
was, during the whole time, kept in the moll exarit 
equilibrium with the light of the candle, .which was 
eafdy done by occafionally drawing out, a little more 
or lefs, one or more of its five equal wicks. Thefe 
wicks, which were placed in a right line, perpendicular 
to a line drawn from the middle wick to the middle of 
the field of the photometer, were about T'^th of an inch 
in diameter each, and ^th of an inch from each other; 
and, when thhy were lighted, their flames united into 
one broad, thin, and very clear, white flame, without 
the leaft appearance of fmoke. 

In order to afcertain the relative confumption of olive- 
oil and rape-oil, in the production of light, two lamps, 
like that juft defcribed, were made ufe of; and, the ex- 
periment being made with all pofiible care, the con- 
fnmption of olive-oil appeared to be to that of rape-oil, 
in the production of the fame quantity of light, as 129 
is to 125. 

The experiment being afterwards repeated with olive- 
oil and very pure linfeed oil, the confumption of olive- 
oil appeared to be to that of linfeed-oil as 129 to 120. 

The experiment being twice made with olive-oil and 
with a tallow-candle ; once when the candle, by being 
often fnuffed, was made to burn conftantly with the 
greateft pofiible brilliancy, and once when it was fnuff- 
ed to burn the whole time with a very dim light, owing 
to the want of fnuffing ; the refults of thefe experiments 
were very remarkable. 

When the candle burnt with a clear bright flame, 
the confumption of the olive-oil was to the confumption 
of the tallow as T29 is to 101 ; but when the candle 
burnt with a dim light, the confumption of the olive-oil 
was to the confumption of the tallow as 129 is to 229. 
So that it appeared, from this laft experiment, that the 
tallow, inftead of being nearly as produftive of light in 
its combuftion as bees wax, as it appeared to be when 
the candle was kept conftantly well fnuffed, was now, 
when the candle was fuffered to burn with a dim light, 
by far lefs fo than oil. 

But this is not all; what is ftill more extraordinary 
is, that the very fame candle, burning with a long wick, 
and a dim light, aCtually confumed more tallow than 
when, being properly fnuffed, it burnt with a clear 
■bright flame, and gave near threee times as much light. 

To be enabled to judge of the relative quantities of 
light aftually produced by the candle in the two experi- 
ments, it will fuffice to know, that in order to counter- 
balance this light at the field of the photometer, it re- 
quired, in the former experiment, the confumption of 
141 parts, but in the latter only the confumption of 64 
parts, of olive oil. But in the former experiment no, 
and in the latter x 14, parts of tallow were aftually found 
to be confumed. Thefe parts were 8i92ths of a Bava- 
rian pound. 

From the refults of all the foregoing experiments, it 
appears that the relative expence of the undermention- 
ed inflammable fubltances, in the production of light, is 
as follows : 

Kqual Pr.rts Lamp, 
in Weight. 

Bees-waj$. A good wax candle, kept well 
fnuffed, and burning with a 
clear bright flame, ... 100 

Tallow. A good tallow-can die, kept well 
fnuffed, and burning with a 
bright flame, joi 

The fame tallow-candle, burning 
very dim for want of fnufHng, 229 

Olive-oil. Burnt in an Argand’s lamp, . . ijo 
The fame burnt in a common lamp, 

with a clear bright flame, with- 
out fmoke, 129 

Rape oil. Burnt in the fame manner, . . 125 
Linfeed-oil. Likewife burnt in the fame 

manner, 120 
With the foregoing table, and the prices current of 

the therein mentioned articles, the relative prices of light 
produced by thofe different materials may very readily' 
be computed. 

In the year T795, J* H. Haffenfratz was em- 
ployed by the French government to make a feries of 
experiments to determine the moft economical method 
of procuring light from the different combuftible fub- 
ftances ufually employed for that purpofe. The mate- 
rials of his experiments were, wax, fpermaceti, and tal- 
low-candles, fifh-oil, oil of colefeed, and of poppy.feeds. 
In ufing thefe oils, both the Argand and common lamps 
were employed. The wicks of the latter were round, 
containing thirty-fix cotton threads. The tallow and 
fpermaceti candles were mould, fix to the pound. The 
wax-candles five to the pound. Mr Haffenfratz ufed 
the fame method with Count Rumford for determining 
the comparative intenfity of the lights. 

Count Rumford, as we have feen, ufed the Argand 
lamp as a ftandard for comparifon ; hut as the intenfity 
of its light varies according to the height of the wick, 
Mr Haffenfratz preferred a wax-candle, making ufe of 
it foon after it was lighted. When two luminous bo- 
dies, of different intenfities, are put in comparifon with 
each other, the ftiadows are of two colours. That from 
the wtakeft light is blue, and from the ftrongeft, red. 
When the lights of two different combuftible bodies 
are compared, they are either red or blue in a com- 
pound ratio of the colour and intenfity. Thus in com- 
paring the lhadows fro*n different luminous bodies, they 
will be red or blue refpedlively, in the following order : 

Light of the fun, 
  of the moon, 
 of Argand lamps, 
  of tallow-candles, 
  of wax ditto, 
  of fpermaceti ditto, 
  of common lamps. 

That is to fay, when a body is illuminated by the 
fun and by any other luminous fubftance, the ftiadow 
of the former is red, and of the latter, blue. In like 
manner, the fliadow from an Argand lamp is red, when 
placed by that of a tallow-candle, which is blue. 

The following table will fhew, according to Mr Haf- 
fenfratz, the proportional diflance that different lumi- 
nous bodies fliould be placed at to produce an equally in- 
tenfe ftiadow from the fame objeft. The fecond column 

gives 
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Lamp, gives the proportional intenfxty of each light, which is 

j known to be in proportion to the fquares of the diftan- 
ces of luminous bodies giving the fame depth of fhadow. 
The third column thews the quantity of combuftible 
matter confumed in the hour by each mode of giving 
light, which Mr Haffenfratz calculates from the average 
of many repeated experiments. 

Argand 1 oil of poppyfeed 
lamps >- — of tithes 
with j — of colefeed 

Common 1 oil of colefeed 
lamps > — of tithes 
with J — of poppyfeed 

Spermaceti candle 
Old tallow candle 
New ditto 
Wax candle 

9.246 

6.774 
6.524 
5-917 

917 
473 
•473 
275 

10.000 
ro.ooc 
8-549 

4-588 
4.556 
3.501 

3-501 

2.995 
2.995 
1.827 

a % 3) E O 
O'd J 

23 
23-77 
14.18 

8.81 
9-I4 
7.05 

9-23 
7-54 
8.23 
9*54 

3n 
(y; 

23 
23-77 
16.59 

19.2 
20.06 
20.14 

26.37 
25.17 
27.48 
53 

The relative quantity of combutlible matter required 
to produce equal lights at equal diftances, may be ob- 
tained by a fimple rule of proportion from the above 
data. Thus, if a given intenfity of light, exprefled by 
3.501, has been produced by a confumption of 9.23 of 
fpermaceti in the hour, the fame luminous body will 
produce a light of 10.000, by confuming in the fame 

time a quantity of fpermaceti = — 26.37. 
3-501 

Therefore we may add to the table a fourth column, ex- 
prefling the quantity of combuitible which each body 
muft confume to produce a light of 10.000. 

From what has been laid down, it will alfo appear 
that the number of lights required to produce a given 
light, will be as follows : To produce a light equal to 
ico Argand lamps, burning poppyfeed oil, it wall re- 
quire 

IOO Argand lamps with fifh-oil 
11 7 Ditto do. with colefeed oil 
2 18 Common lamps with colefeed oil 
219 Ditto do. with fifli oil 
285' Ditto do. with poppyfeed oil 
285 Spermaceti candles 
333 Tallow ditto 
546 Wax ditto. 

Mr Haflenfratz next takes notice of the comparative 
price of thefe articles; by which he finds, that in Paris 
the moft expenfive light is that produced from wax- 
candles ; and the molt economical that from oil of cole- 
feed burned in Argand lamps. 

The chief difference between the Argand and com- 
mon lamp is, that in the latter much of the oil is vola- 
tilized without combuftion, and hence the unpleafant 
fmell which it produces; whereas in the former, the 
heat is fo great at the top of the wick, that all the oil 
is decompofed in palling through, the difpofition of the 
wick allowing the free accefs of air to afiiff combuftion. 
It Ihould therefore follow, that the Argand lamp con- 

fumes lefs fuel to produce a given light than the com* kancafliire 
mon lamp, and this, as we have feen, is the opinion of i' 
Count Rumford. Yet (Mr Haffenfratz obferves) there an^Ur"_i 
are two circumftances that prevent the full effeft of the 
complete combuftion in the Argand lamp. The one 
is, that the glafs cylinder abforbs a part of the rays of 
light as they pafs through ; the other, that the column 
of light proceeding from the inner furface of the wick, 
is, in part, loft, by being obliged to pafs through that 
from the outer furface. Count Rumford allows the firlt 
caule of diminution of light, and eftimates it at .1854, 
but not the latter. The author of this memoir, in re- 
peatingCount Rumford’s experiments, afferts, that when 
two candles are placed fo that the light of the one is 
obliged to pafs through that of the other, the fum of 
the light fo produced is not fo ftrong as when they are 
placed fide by fide ; for in the firft cafe, a part of the 
hindmoft light is abforbed by the foremoft. 

LANCASHIRE. In the account which we have 
given of that county in the Encyclopedia, an obliging 
correfpondent has pointed out to us fome miftakes. He 
affures us that the fea-coaft, where we underftood the 
atmofphere to be loaded with fuch exhalations as pro- 
duce malignant and intermitting fevers, is remarkably 
healthy ; and he fpeaks from experience, having lived 
on that coaft for forty years. He affures us likewife, 
that the Duke of Bridgewater’s inland navigation was 
begun foon after, if not before, the year 1736, and that 
he (the writer), fo early as 1764, was one of a party 
who failed up the fough or edit a confiderable way to 
fee how the coals were worked. The fame correfpon- 
dent has pointed out a few miftakes in our account of 

LANCASTER, the capital of the county. “ That 
town (he fays) carries on no trade whatever with North 
America, but a very confiderable one with Jamaica and 
the other Weft India iftands, in veffels of from 100 to 
500 tons burthen. It exports to thefe iflands all fuch 
Britilh manufaftures as they have occafion for, Irifh li- 
nens, and faked provifions of all kinds, fuch as Irifh beef, 
pork, butter, &c. It trades alfo to the Baltic, Portu- 
gal, Hamburgh, &c. to a large amount ; and fome of 
its fliips with their cargoes have of late been worth 
from L.60 to L.8o,ooo flerling. It has, however, no 
communication by water with the rivers Merfey, Dee, 
&c. as we have faid ; the canal reaching as yet no far- 
ther than to near Prefton in Lancafhire.” The com- 
munication with thefe rivers is indeed intended to be 
completed ; but whether the fcheme be prafticable is, 
according to our eorrefpondent, very uncertain. 

LANTERN. See i?«ryr/.—Sir George Staunton 
informs us, that of the Chinefe lanterns, fome were fuch 
as we have defcribed, viz. compofed of thin filk gauze, 
painted or wrought in needlework with figures of birds, 
infedts, flowers, or fruit, and ftretched on n6at frames 
of wood. Others, however, were very different, being 
entirely made of horn. Thefe were fo thin and tranf- 
parent, that they were taken at firft for glafs ; a mate- 
rial to which, for this purpofe, the horn is preferred by 
the Chinefe, as cheaper, lighter, lefs liable to accident, 
and, in cafe of accident, more eafily repaired ; many of 
them were about two feet in the diameter, and in the 
form of a cylinder, with the ends rounded off, and the 
edges meeting in the point to which the fufpending 
cords were tied. Each lantern confifted of an uniform 
piege of horn, the joints, or feams, being rendered in- 
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Lantern, vifible by an art" found ont by the Chinefe among 

whorb, the vail number of fuch lanterns ufed in their 
dwelling hotlfes and temples, as well as on the occaiions 
of their fellival^ and proceflions, have led to many trials 
for improving their conllru&ion. The horns general- 
ly employed are thofe of fheep and goats. The ufual 
method of managing them, according to the informa- 
tion obtained upon the fpot, is to bend them bv im- 
meriion in boiling water, after which they are cut open 
and flattened ; they then eafily fcale, or are feparated 
into two or three thin laminas or plates. In order that 
thefe plates Ihould be made to join, they are expofed to 
the penetrating effect of Hearn, by which they are ren- 
dered almolt perfectly foft. In this ftate the edges of 
the pieces to be joined are carefully fcraped and flanted 
off, fo as that the pieces overlapping each other ihall 
not together exceed the thicknefs of the plate in any 
other part. By applying the edges, thus prepared, 
immediately to each other, and preffing them with pin- 
cers, they intimately adhere, and, incorporating, form 
one fubftance, limilar in every refpedl to the other 
parts ; and thus uniform pieces of horn may be prepa- 
red to almoll any extent. Jt is a contrivance little 
known elfewhere, however fimple the procefs appears 
to be ; and perhaps fome minute precautions are omit- 
ted in the general defcription, which may be effential 
to its complete fuccefs. 

Such lanterns as thefe would be very proper for mi- 
litary ftore-houfes ; and Rochon of the National Injlitule 
was employed, lince the commencement of the prefent 
war, to make them, if he could, for the marine ftore- 
houfes of France. While he was thus engaged, how- 
ever, it occm-red to him that he might fupply the pref- 
iing wants of the navy without horn, merely by filling 
up the interllices of wirecloth with fine tranfparent 
glue. In carrying this thought into execution, he at 
firft tinned the iron wires of the fieve-cloth he made 
ufe of; but afterwards found it more convenient, in 
every refpedl, to give it a flight coating of oil paint to 
preferve it from ruil. The glue he made ufe of v.-as af- 
forded by boiling the clippings of parchment with the 
air-bladders and membranes of fea-fith ; materials which 
he ufed, not from any notion that they were preferable 
to iiinglafs, but becaufe they were the cheapeft he could 
procure. He added the juice of garlic and cyder to his 
compofition, in fuch proportions as he found to com- 
municate great tenacity, and fomewhat more of tranf- 
parence than it would have pofleffed without them. In- 
to this tranfparent and very pure glue or fize he plun- 
ged lus wire-cloth, which came out with its interftices 
filled with the compound. It is requifite thcA the fize 
fhould poflefs a determinate heat and confiftence, concern- 
ing which experience alone muft guide the operator. 

When this prepared wire-cloth is fixed in the lan- 
tern, it muft be defended from moifture by a coating of 
pure drying linfeed oil ; but even in this ftate it is^not 
fit to be expofed to the weather. The eafe with which 
thefe lanterns are repaired in cafe of accident, by a 
flight coating of gipe, is pointed out as a great advan- 
tage by the inventor ; who likewife informs us, that 
they were ufed in the expedition to Ireland as fignal- 
lanteins, though contrary to his wifhes, 

LAI IS Fungifer-, a ipecies of earth found near 
Rome, Naples, and hlorence, of which the following 
account is taken from the Neruj Tranjacliqns of the Royal 
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Academy of Sciences at Stockholm for the year 1797 : Lardizg. 
Near Naples the lapis' fungifer is found in the chalk- ba!a- 
hills like a white ftaladtites, intermixed with a great 'r~mm 

many line loots of fhrubs ; and near Florence there is a 
fpecies of it, confifting of hardened turf, which is dug 
up near volcanoes. T. he author made experiments with 
a piece procured from Italy, and found that 100 parts 
contain from 45 to 46 filiceous earth, 23 argillaceous 
earth, 7. calcareous earth, and 20 calx of iron, with 
fome white magnefia and vegetable alkali. It is well 
known, that when this friable fpecies of ftone is pre- 
ferved in cellars and moiftened with water, it produces 
abundance of eatable muflirooms, which in Italy are 
highly efteemed and brought to the firft tables. Hence 
the origin of its name. 

LARDIZABALA, a new genus of plants belong- 
ing to the dtcecia hexandna of Linnasus. It is a native 
of Chili, and is thus deferibed in Peroufe’s Voyage, 
from drawings fent to France by La Martiniere. The 
leaves are alternate, on footftalks inflated at their bafe. 
Lach leaf is biternate, that is to fay, it. is divided into 
thiee leaflets, each of which is again fubdivided into 
three oval fharp-pointed folioles, which, when young, 
are entire, but afterwards become obfeurely lobed. The 
flowers, diipofed in fimple and pendent clufters, grow 
towaids the top ot the ftem and of the branches, in the 
axihse of the leaves. The plant is dicecius. At the 
bafe of each clufter of blofioms are two fmall, rounded, 
oval, floral leaves. 

Male Flower.— Calyx formed of fix expanding 
leaves, oblong oval, and obtufe, of which the three out- 
ermoft are the largeft. Corolla compofed of fix ftiarp 
lanceolated petals, oppofite to, and fliorter than, the 
leaves of the calyx. A cylinder rifes from the centre of 
the flower of the length of the petals, terminated by fix 
oblong bilocular anthers, which open from below. 

Female Flower.—Calyx, fimilar to that of the 
male flower, but larger. Corolla inferted beneath the 
piftil, compofed of fix petals, rarely entire, but general- 
ly bifid or trifid at their fummit: fliorter than the leaves 
of the calyx. Stamina fix, having the fame infevtion 
as the corolla; filaments diftindft, broad, very ftiort, fur- 
rounding the piftil; anthers, fix, upright, oblong, acu- 
minated, barren. Seed bud, cells, from three to fix, ob- 
l°ng, gibbous on the outfide, of nearly the length of 
the corolla ; ftyles none ; ftigmata, fitting, oblong, per- 
manent. Berries, equal in number to the cells, oblong,, 
acuminated (divided into fix cells, containing feveral 
angular feeds. Flora Peruviana). 

The general charadler of the lardizabala evidently 
places this new genus among the family of the menfper- 
ma, to which it is related by its climbing ftalk, its, 
bunches of dioecious flowers, by its fix petals, ftamina, 
and leaves of its calyx, by its piftil, compofed of from 
three to fix cells, which contain as many feeds. It dif- 
fers from the known genera of this order only in its 
fruit, which, inftead of being monofpermous, contains 
feveral feeds. I his charafter, which requires the in- 
trodudlion of a new fedlion into the menifpermee, 
ftrengthens the relation of this family to the next order 
of the anona. In fa6l, the greater part of the genera 
of the anonas, as they have in the fame flower feveral 
fruits, with numerous feeds, differ in this particular 
from all the genera of the menifpermm ; and by placing’ 
between them the lardizabala, we eftablifli a* natural 
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Larmier tranfition. In order to confirm thefe refemblances, it 

only remains to examine the infide of the fruit, and par- 
, ticularly the flruclure of the feeds. Thofe of the me- 
nilpermae are reniform, at leaft on the inlide, inclofed in 
a hinged pericarpium, and containing in their upper 
part a very fmall dicotyledonus embryo. The charac- 
ters that we have given of the lardizabala render pro- 
bable a fimilar llrudlure in its feeds. 

LARMIER, in archite&ure, a flat fquare member 
of the cornice below the cimafium, and jets out fartheft ; 
being fo called from its ufe, which is to difperfe. the 
water, and caufe it to fall at a dilhuice from the wall, 
drop by drop, or, as it were, by tears, larme in French 
lignifying a tear. 

LATUS PtuMARiuM, a right line drawn through 
the vertex of the feftion of a cone, within the fame, and 
paral! 1 to the bafe. 

I^atvs Retlum. See Conic SeEIions. Encycl. 
Latvs Tranfyerfum of the hyperbola, is the right 

line between the vertices of the two oppoiite fe&ions, 
or that part of their common axis lying between the 
two oppofite cones. 

LAVA. In addition to the obfervations of Sir 
William Hamilton, Bergman, bormes, and Dalmieu, 
on the compofition of different lavas, which have been 
given in the Encyclopedia, we cannot retufe ouifelves 
the pleafure of noticing, in this place, thofe of Sir 
James Hall. From a number of well-deviled experi- 
ments, Sir James thinks himfelf warranted to conclude, 
that lava and whinflone are intrinfically the fame fub- 
ftance ; and that their apparent differences arife wholly 
from the circumftances under which they have paffed 
from a liquid to a folid ftate. The lavas, it is well 
known, have been cooled rapidly in the open air, 
and the whins (according to Dr Hutton’s theory, 
which Sir James ieems willing to adopt) flowly in the 
bowels of the earth. 

Though we are far from adopting that theory in all 
its parts, to which we think infuperable objetfions may 
be made (fee Earth, Encycl. n° 120), we admit, that 
the experiments of Sir James Hall go far to eftablifh 
the identity of lava and whinftone. Fhefc experiments 
were made upon feven different fpecies of whinflone 
and fix lavas, of which four were broken from the cur- 
rents of Etna and Vefuviusby Sir James himfelf. Each 
of the original whinflones was reduced, by fufion and 
fubfequent rapid cooling, to a Hate of perfect glafs. 
This glafs, being again placed in the furnace, was fub- 
jected to a fecond fufion. The heat, being then redu- 
ced to a temperature generally about 28° of Wedge- 
wood, was maintained flationary for fome hours ; when 
the crucible was either immediately removed, or allow- 
ed to cool with the furnace. The confequence was, 
that in every cafe the fubllance had loll the character 
of glafs, and by cryflallization had aflumed in all re- 
ipefts that of an original whinflone. It muft be owned, 
that in moll cafes the new production did not exactly 
refemble the particular original from which it was form- 
ed, but fome other original of the fame clafs ; owing 
to accidental varieties in the mode of refrigeration, and 
to chemical changes which unavoidably took place du- 
ring the procefs. In the cafe, however, of the rock of 
Edinburgh caflle, and of that of the bafaltic columns 
of Staffa, the artificial fubftances bear a complete re- 
femblance to their originals, both in colour and tex- 
ture. 

*J LAV 
The lavas were now treated in the fame way, and bavs, 

were each, by fufion and rapid cooling, reduced, as the J-avo 
whinftones had been, to glafs. This glafs, when fufed ' 
again and cooled flowly, yielded the lame kind of cry- 
ftallized, llony, or earthy mafles, completely refembling 
an, original whin or lava. 

Although the internal ftru&ure of lava was thus ac- 
counted for, yet Sir James was ernbarrafled with the 
ftate of its external furface ; which, though cooled in 
contaft with the open air, is feldom or never vitreous, 
holding an intermediate ftation between glafs and Hone; 
but this difficulty was removed by a circumftance which 
took place in the courfe of thefe experiments. It was 
found that a fmall piece of glafs of any of the lavas, or 
of feveral of the whins being introduced into a muffle, 
thei temperature of which was at any point between the 
20th and the 22d degree of Wedgewood’s fcale, the 
glafs became quite foft in the fpace of one minute; but, 
being allowed to remain till the end of a fecond minute, 
it. was found to have become hard throughout in confe- 
quence of a rapid cryllallization, to have loft its charader 
of glafs, and to have become by I 2 or 14 degrees more 
infufible, being unaffeded by any heat under 30, though 
the glafs had been fufible at x8° or at 160. This account- 
ed for the fcoria on the furface of lavas ; for the fub- 
ftance even at the furface, being in contad with the 
flowing ftream, and furrounded with heated air, could 
not cool with exceffive rapidity : and the experiment 
{hews, that ftiould any part of the mafs, in defending 
heat, employ more than one or two minutes in cooling 
from 2 2 to 20, it wmuld infallibly lofe its vitreous cha- 
rader. 

Independently of any allufion to fyftem or to general 
theory, Sir James Hall flatters himfelf that thefe expe- 
riments may be of fome importance, by Amplifying the 
hiftory of volcanoes ; and, above all, by fuperfeding. 
fome very extraordinary, and, he conceives, unphilofo- 
phical opinions advanced with regard to volcanic heat, 
which has been Hated as pofieffing very little intenfity, 
and as ading by fome ocult and inconceivable influence, 
or with the help of fome invifibk agent, To as to pro- 
duce liquidity without fufion. Thefe fuppontions,, 
which have been maintained ferioufly by fome of the. 
moll celebrated naturalifts in Europe, have originated 
from the difficulty of accounting for the ftony charac- 
ter of lavas when compared with that of glafs, which 
they afiume m confequence of fufion in our fuinaces. 
But now he hopes we may be relieved from the necef- 
fity of fuch violent efforts of imagination, fince the phe- 
nomena have been fullyr accounted for by the hmple, 
though unnoticed, principle of refrigeration, and have 
been repeated again and again with eafe and certainty 
in a fmall chamber furnace. 

LAVOISIER (Antoine Laurent), was born in Pa- 
ris on the 26th of Auguft 1743* father> who di- 
reded his education, was opulent, and fpared no coft 
for his improvement. The youth {hewed a decided 
taile for the phyfical fciences. In 1764, government 
having propofed an extraordinary premium tor the belt 
and cheapeft mode of lighting the ftreets of a large city, 
Lavoifier obtained the gold medal ; and his memoir, 
full of nice inveftigation, was printed by the Academy., 
Into that body he was received on the i^th May 1768, 
in fpite of a formidable oppofition ; and to its fervice 
he ever after devoted his labours, and became one of its 
moft ufeful aflbeiates and coadjutors. 

EuS:. 
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S.avoifier. Hjs attention was fucceffively occupied with every 

U v ' branch of phylical and mathematical fcience. The pre- 
tended converfion of water into earth, the analyfis of 
gypfum in the neighbourhood of Paris, the cryftalliza- 
t:on of falts, the effects produced by the grande de loupe 
of the garden of the Infanta, the projeft of bringing 
water from PYvette to Paris, the congelation of water, 
and the phenomena of thunder and the aurora borealis— 
all occupied his attention. 

Journeys, undertaken in concert with Guettard into 
every diftridf of France, enabled him to procure num- 
berlefs materials towards a defcription of the lithologi- 
cal and mineralogical empire ; thefe he arranged into a 
Kind of chart, which wanted little of being completed. 
They ferved alfo as a foundation for a more labori- 
ous work of his on the revolutions of the globe, and 
the formation of Couches de la Terre ; a work of which 
two beautiful fketches are to be feen in the Memoirs of 
the French Academy for 1772 and 1787. All the 
fortune and all the time of Lavoifier were devoted to 

. the culture of the fciences ; nor did he feem to have a 
preponderating inclination for any one in particular, un- 
til an event, fuch as feldom occurs in the annals of the 
human mind, decided his choice, and attached him 
thenceforth excluiively to chemiftry—a purfuit which 
has fince rendered his name immortal. 

The important difcovery of gafes was juft an- 
nounced to the philofophical world. Black, Prieftley, 
Scheele, Cavendifh, and Macbride, had opened to phy- 
ftologifts a fort of new creation ; they had commenced 
a new era in the annals of genius, which was to become 
equally memorable with thofe of the compafs, printing, 
eledlricity, &c. 

.It was about the year 1770 that Lavoifier, ftruck 
with the importance and grandeur of this difcovery, 
turned his attention to this inexhauftible fountain of 
truths, and inftantly perceived, by a kind of inftinft, the 
glorious career which lay before him, and the influence 
winch this new fcience would neceflarily have over the 
whole train of phyfical refearches. Of thofe who had 
preceded him, the moil indefatigable experimenter was 
Prieftley : but fafts the moft brilliant remained frequent- 
ly unprodudlive in his hands : on every occafion he was 
teady to frame fome crude hypothefis, which as haftily 
he abandoned. Lavoifier was imbued with the true 
fpirit of indudtive philofophy ; his obfervations, emi- 
nently precife and luminous, always pointed to general 
views. In I774> he publilhed his chemical opufcules, 
which contained a very neat hiftory of all that had been 
done with refpedt to gafes, and concluded with the au- 
thor’s capital experiments, by which it was proved, 
that metals, in calcination, derive their augmentation of 
weight from the abforption of air. Soon afterward, he 

/ fhewed, in oppofition to Prieftley, that nitrous acid is 
compofed of air ; a remark, of which the importance 
appeared in the fequel. His ingenuity as a chemift 
was now fo well known, that in 1776 Turgot employ- 
ed him to infpeft the manufadure of gun-powder. He 
-introduced fome valuable improvements, and, fuppref- 
fing the odious viiits in queft of the materials of falt- 
petie, ne yet quintupled its produce. The gun-powder 
would now carry^120 toifes, when formerly it would 
not reach 90. I his fuperiority was indeed acknow- 
ledged in the laft war. 

It had been alledged, that by frequent diftillation wa- 

ter is converted into earth. This queft ion Lavoifier Lavoifier. 
refolved in 1778, having fhewn that the earthy fediment -v—J 

was owing to the continual erofion of the internal fur- 
face of the retort. In that fame year he made a more 
interefting difcovery ; namely, that the refpirable por- 
tion of the atmofphere is a conftituent principle of all 
acids, and which he therefore denominated oxygen ; a 
moft important facf, and the firft great ftep towards the 
new chemiftry ; which the compoiition of water, afcer- 
tained in 1783, triumphantly completed. 

Lavoifier poireffed deciiive advantages over his con- 
temporaries ; he itudied a geometrical accuracy of in- 
veftigation ; and his wealth enabled him to make expe- 
riments on a large icale, and to ufe inftruments of the 
moft perfedt conftrudtion. He was able to hold in his 
houfe, twice every week, aflemblies, to which he invi- 
ted every literary charadler that was moft celebrated in 
geometrical, phyfical, and chemical ftudies ; in thefe 
inftnnftive converfa/tones, difcuffions, not unlike fuch as 
preceded the firft eftablifhment of academies, regularly 
took place. Here the opinions of the moft eminent li- 
terati in Europe were canvaffed ; paftages the moft ftri- 
king and novel, out of foreign writers, were recited and 
animadverted on ; and theories were compared with ex- 
periments. Flere learned men of all nations found eafy 
admiflion ; Prieftley, Fontana, Blagden, Ingenhoufz, 
Landriani, Jacquin, Watt, Bolton, and other illuftrious 
phyfiologifts and chemifts of England, Germany, and 
Italy, found themfelves mixed in the fame company 
with La Place, La Grange, Borda, Coufin, Meunier, 
Vandermonde, Monge, Morveau, and Berthollet. Hap- 
py hours pafled in thefe learned interviews, wherein no 
fubjedt was left uninveftigated that could poffibly con- 
tribute to the progrefs of the fciences, and the amelio- 
ration and happinefs of man. One of the greateft be- 
nefits refulting from thefe afiemblages, and the influence 
of which was foon afterwards felt in the academy itfelf, 
and confequently in all the phyfical and chemical works 
that have been publilhed for the laft twenty years in 
France, was the agreement eftablifhed in the methods 
of reafoning between the natural philofophers and the 
geometricians. The precifion, the feverity of ftyle, the 
philofophical method of the latter, was infenfibly tranf- 
fufed into the minds of the former; the philofophtrs 
became difciplined in the tadlics of the geometricians, 
and were gradually moulded into their refemblance. 

It was in the aflemblage of thefe talents that Lavoi- 
fier embelliftied and improved his own. When any new 
refult from fome important experiment prefented itfelf, 
a refult which threatened to influence the whole theo- 
ry of the fcience, or which contradi&ed theories till 
then adopted, he repeated it before this felecft fociety. 
Many times fucceffively he invited the fevereft objec- 
tions of his critical friends ; and it was not till after he 
had lurmounted their objections, to the conviction and en- 
tire perfuafion of the fociety; it was not till after he had 
removed from it all myftery and obfcurity, that he ven- 
tured to announce to the world any difcovery of his 
own. 

At length he combined his philofophical views into 
a confiftent body, which he publilhed in 1789, under 
the title of Elements of Chemijlry ; a book which is a 
moft beautiful model of fcientific compofition, clear, lo- 
gical, and elegant. It would be foreign to our purpofe 
to attempt an expofition of the principles, or to expa- 

tiate 
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r.avoifier. tiate on the merits, of this celebrated fyftem ; v^hich, 
t—within the fpace of a very few years, has been almotl 

univerfally adopted, and which, if not the genuine in- 
terpretation of nature, approaches as near to it as the 
prefent ftate of knowledge will permit. See Chemis- 
try in this Supplement. 

The laft, but not the leaft ufeful, of LaVoifier's phi- 
lofophical refearches, on the Perfpiration of Animals, 
wasrread to the Academy on the 4th May 1791, and 
of which part was publiihed in the volume for 1790. 
He found, by fome delicate experiments, made in con- 
jun&ion with Seguin, that a man in 24 hours perfpmes 
45 ounces; that he confumes 33 ounces of vital air ; 
that he difcharges from the lungs 8 cubic feet of car- 
bonic acid gas, of which one-third is carbon and two- 
thirds are oxygen ; that the weight of water difchar- 
ged from the lungs amounts to 23 ounces, of which 3 
are hydrogen and 20 oxygen, exclufive of 6 ounces of 
water already formed, loft in pulmonary perfpiration. 
Thefe difcoveries were directed to the improvement of 
medicine. 

We have mentioned the afiiftance which Lavoiiier 
received while he was digeftmg his new fyftem of che- 
miftry ; but we muft add, that to him pertains exclu- 
iively the honour of a founder. His own genius was 
his foie conductor, and the talents of his affbciates vveie 
chiefly ufeful in illuftrating difcoveries he himfelt had 
made ; he firft traced the plan of the revolution he had 
been a long time conceiving ; and his colleagues had 
only to p'urfue and execute his ideas. 

' la the twenty volumes of the Academy of Sciences, 
from 1772 to 1793, are 40 memoirs of Lavoifier, re- 
plete with all the grand phenomena of the fcience ; the 
doftrine of combuftion, general and particular ; the na- 
ture and analyfis of atmofpherica! air ; the formation 
and fixation of elaftic fluids ; the properties of the mat- 
ter of heat ; the compofition of acids ; the augmenta- 
tion of the ponderolityr of burnt bodies ; the decompo- 
fition and recompofition of water; the diffolution of 
metals; vegetation, fermentation,and animalization. For 
more than 15 years confecutive, Lavoifier purfued, with 
unfhaken conftancyr, the route he had marked out for 
himfelf, without making a Angle falfe ftep, or fuffering 
his ardour to be damped by the numerous and increa- 
fing obftacles which conftantly befet him. 

Many were the fervices rendered by Lavoifier, in a 
public and private capacity, to manufadtures, to the 
fciences, and to artifts. He was treafurer to the Aca- 
demy after Buffon and Tibet, and introduced economy 
and order into the accounts. He was alfo a member 
of the Board of Confultation, and took an a&ive ihare 
in whatever wTas going forwards. When the new iy f 
tern of meafures was agitated, and it was propofed to 
determine a degree of the meridian, he made accurate 
experiments on the expanfion of metals, and conftru^t- 
ed a metalline thermometer. By the National Conven- 
tion he was confulted on the means of improving t e 
manufacture of affignats, and of increafing the difficul- 
ties of forging them. 

Like a good citizen, Lavoifier turned his thoughts 
to political economy. Between the years 17?^ anc^ 
1785, he allotted 240 arpents in the Vendomois to ex- 
perimental agriculture, and increafed the ufual produce 
by one-half. In 1791, he was invited by the Confti- 
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tuent Afiembly to digeft a plan for Amplifying the col- Lavoifier 
leCtion of the taxes. This gave occafion to an excellent, ^eatt' 
report, afterwards printed with the title of Territorial 
Riches of France. At this time, alfo, he was appointed 
commiffionary of the national treafury, in which he ef- 
fected fome beneficial reforms. 

During the horrors of the Robefpierrean diClator- 
fliip, Lavoifier told La Lande that he forefaw he fiiould 
be ftripped of his property, but that he would work 
for his bread. The profeffion of apothecary would have 
fuited him the beft. But his doom was already fixed. 
On the 8th of May 1794, confounded with 28 farmers- 
general, he fuffered on the fcaffold, merely becaufe he 
was rich ! 

Lavoifier was tall, and of a graceful fprightly appear- 
ance. Fie was mild, fociable, obliging, and extremely 
aftive ; and in his manners he was unaffeCtedly plain 
and Ample. Many young men, not blefied with the 
gifts of fortune, but incited by their genius to woo the 
fciences, have confeffed their obligations to him for pe- 
cuniary aid ; many, alfo, were the unfortunate whom 
he relieved in filence, and without the oftentation of 
virtue. In the communes of the department of the 
Loir and Char, where he poflefTed confiderable eftates, 
he would frequently vifit the cottages of indigence and 
diftrefs ; and long will his memory be cheriflietl there. 
But his reputation, influence, virtues, and wealth, gave 
him a great preponderance, which unfortunately provo- 
ked the jealoufy of a crew of homicides, who made a 
fport of facrificing the lives of the beft of men to a fan- 
guinary idol. 

This great and good man married, in 1771, Marie- 
Anni-Pierette Paulze, daughter of a farmer-general; a 
woman whofe wit and accompliflunents conftituted the 
charm of his life ; who affifted him in his labours, and 
even engraved the figures of his laft work. 

LEAD. See that article, Encycl, and Chemistry- 
Inclex in this Supplement. It is well known that lead 
generally contains a portion of filver, and foroetimes of 
gold ; and that there are occafions, particularly in af- 
faying, when it is of importance to have it freed from 
thefe metals. For accomplifliing thefe purpofes diffe- 
rent proceffes have been propofed ; but the following, 
by Pet. Jac. Hjelm, as it is the leaft expenfive, promiles 
to be the moft ufeful: 

Litharge (fee Encycl.) was the fubftance on which 
this chemift made his experiments, and his principal ob- 
jeCt was to free it from all mixture of filver. This was 
accomplifhed in the following manner : He placed a 
crucible, in which half a pound of litharge found good 
room, and which was fitted with a clofe cover, in a 
wind-furnace filled with dead coals. He then put in- 
to the crucible a mixture of four ounces of potafh and 
the fame quantity of pow'der of flint. When the whole 
was well melted by {Lengthening the draught, and ma- 
king the coals glow, he took off the cover, and laid 
hold of the crucible with a pair of tongs, in order to 
take it out, and to fuffer this very fufible glafs to cover 
the infide of the crucible, to fecure it from the glafs of 
the lead which he meant to melt in it. The iuperflu- 
ous glafs was poured out ; the crucible again placed cm 
its foot, and half a pound of litharge thrown into it 
with a (hovel. The cover was placed upon it while the 
litharge was melting ; and when it was thoroughly 
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glowing with fluid, charcoal duft was fifted into the un- round the gulph to Peterfburgh. 
covered crucible through a fieve, fo that the furface of r    
4-V, ^ 1         l .i.   J nni • • ^ o * 
the litharge was completely covered with it. This im- 
mediately produced an effervefcence, and the riiing of 
bubbles, by means of the reparation of the air occasion- 
ed by the redu&ion of the lead. During this procefs, 
the cover was put on, and a few coals thrown into the 
furnace: when thefe were burnt, every thing in the 
crucible was quiet, and the melted mafs was poured in- 
to a warm conical mould. The crucible was then again 
filled with half a pound of the fame kind of litharge, 
and put into the furnace, and charcoal duft was feveral 
times fifted over the melted furface, till it was well co- 
vered before the mafs was thrown out, a fufficient fpace 
being every time left for the effervefcence. The firft 
mafs had, in the mean time, become cool, and, on exa- 
mination, contained four ounces of lead at the bottom, 
and litharge at the top. When this litharge was re- 
duced with potaflies and wine {tone, the lead thence ob- 
tained, which weighed 23 ounces, was found to contain 
lefs than one-half grain of filver in the pound. In the 
fecond mafs there was found fomevvhat more than fix 
ounces of lead, which contained all the fiver that had 
been before mixed with the litharge, becaufe in the lead 
which had been reduced from the litharge in the above 
manner, there were no perceptible traces of filver. This 
lead was then melted over a flow fire, and caft into bars, 
which were rolled fmooth, and formed into maffes of a 
known weight, to be ufed for affaying gold and filver, 
and for other purpofes of the fame kind. All thefe 
meltings were made in one crucible, which, according 
to every appearance, remained unhurt. If the fame ex- 
periments were made with red lead, the like refult would 
infallibly follow. 

With the fame view of obtaining lead free from fil- 
ver, he melted, in the like manner, half a pound of white 
lead, which produced half an ounce of lead. When the 
litharge {landing over it was revived, the lead obtained 
was ftill found to contain too much filver. He there- 
fore precipitated another half pound of white lead by 
charcoal powder, after the lead that fell from it had 
been feparated ; and then it produced, by reviving, a 
mafs of lead without any mixture of filver. 

LEDYARD ( ), the celebrated, though 
unfortunate, traveller, was a native of North America, 
but of what province we have not learned. We are 
equally ignorant of the year of his birth, and the rank 
of his parents; but have no reafon to think that they 
were opulent. From his early youth he displayed a 
ffrong propenfity to vifit unknown and favage countries;    U)y pUrp0lc. ir l live, i will taithtul- 
and to gia.uy that propenfity, he lived for feveral years ly perform, in its utmoft extent, my engagement to the 
with the American Indians, whofe manners and habits Society : and if I perifh in the attemptfniy honour will 

D 
w * . —o Here he found him- 

ielf without {lockings or {hoes; but procured relief from 
the Portuguefe ambaffador, and obtained leave to pro- 
ceed with a detachment of {tores to Yakutz. He made 
this journey of fix thoufand miles, and there met Mr 
Billengs, an Engliihman, whom he had known on board 
Captain Cook’s flifp. From thence he went to Ocza- 
kow, on the coaft of the Kamfchatka Sea; but being 
too late to embark that year, returned to Yakutz to 
winter. Here he was, on feme fufpieion, feized, convey- 
ed on a fledge through Northern Tartary, and left on 
the frontiers of the Polifh dominions. In the midft of 
poverty, rags, and difeafe, he however reached Koningf- 
burgh, where he found friends that enabled him to reach 
England. 

On his arrival in London, he waited on Sir Jofeph 
Banks, on whofe credit he had, in his diftrefs, received 
at different times 2$ guineas. Sir Jofeph communica- 
ted to him the views of the African Affociation, and 
pointed out the route in which they wilhed Africa to 
be explored. On his engaging at once in the enter- 
prife, Sir Jofeph afked him when he would be able to 
fet out. “ To-morrow morning,” replied Ledyard, 
without hefitation. At this interview the prefident of 
the Royal Society declares, that he was {truck with the 
figure of the man, the breadth of his cheft, the ppen- 
nefs of his countenance, and the rolling of his eye. 
Though fcarcely exceeding the middle fize, his figure 
indicated great ftrength and adivity. Defpifing the 
accidental diftindtions of fociety, he feemed Xo regard 
no man as his fuperior; but his manners, though coarfe, 
were not diiagreeable. His uncultivated genius was 
original and eomprehenfive. From the native energy of 
his mind, he was adventurous, curious, and unappalled 
by dangers; while the ftrength of his judgment united 
caution with energy. IJie track pointed out to him 
was from Cairo to Senaar, and thence wreftward in the 
latitude and fuppofed direction of the Niger. 

He was not. ignorant that the talk affigned him was 
arduous and big with danger; but inftead of ftirinking 
from it, he faid, on the day of his departure, “ 1 am 
accuftomed to hardfhips ; I have known both hunger 
and nakednefs to the utmoft extremity of human fufl'er- 
ing ; I have known what it is to have-food given me as 
charity to a madman; and I have at times been obliged 
to {belter myfelf under the mifertes of that character to 
avoid a heavier calamity. My diftreffes have been greater 
than I ever owned, or ever will own to any man. Such 
evils are terrible to bear, but they never yet had power 
to turn me from my purpofe. If I live, I will faithful- 

he feemed in fome degree to have acquired. After- 
wards he failed round the world with Captain Cook in 
the humble ftaticn of a corporal of marines ; and on his 
return, he determined to traverfe the vaft continent of 
America, from the Pacific to the Atlantic Ocean. 

This defign being fruftrated by his not obtaining a 
paffage to Nootka Sound, he determined to travel over 
land to Kamfchatka. With this view he went over to 
Oftend, with only ten guineas in his pocket, and pro- 
ceeded by the way of Denmark and the Sound to the 
capital of .Sweden, and endeavoured to crofs the Gulph 
of Bothnia on the ice ; but finding, when he came to 
the middle, that the water was not frozen, he walked 

be fafe ; for death cancels all bonds.’ 
After receiving his inftruftions and letters of recom- 

mendation, this intrepid traveller failed from London on 
the 30th of June 1788 ; and in 36 days arrived at A- 
lexandna. Proceeding to Cairo, where he arrived Au- 
guft the lyffi, he vifited the flave markets, and conver- 
fed with the travelling merchants of the caravans. Thefe 
fources of information, generally negledled by travel- 
lers, enabled him to obtain, at a very fmall expence, 
more corredl information concerning the African na- 
tions and their trade, the pofition of places, the nature 
of the country, the manner of travelling, &c. than could 
have been eafily obtained by any other method. He 

* thus 



L ED [ 
l.cdyard. thus learned, that the Arabs of the defert have an in- 
 v——' vincible attachment to liberty, though it is fingular that 

they have no word to exprefs liberty in their language. 
The Mahomedans of Africa are a trading, fuperttitious, 
and warlike fet of vagabonds. He faw near 200 black 
flaves expofed to fale, who had been brought from the 
interior parts of Africa ; their appearance favage, but 
not like prifoners of war ; they had head ornaments, 
and their hair plaited in detached plaits of great length. 
Another parcel, which had come from Darfoor, were 
moftly women ; and the beads, and feme other orna- 
ments which they wore, were Venetian. They were 
well formed, quite black, had the true Guinea face, and 
curled hair. Mr Led)ard was informed, that the king 
of Senaar was a merchant, and concerned in the cara- 
vans ; that 20,000 negro (laves are imported into Egypt 
annually. Among fome Senaar (laves, he faw three of 
a bright olive colour, but their heads uncommonly form- 
ed, the forehead the narrowed, longed, and mod protu- 
berant he ever faw. 

The Senaar caravan is the mod rich ; that of Dar- 
foor is not equally fo, though it trades with almod the 
fame commodities. Belides (laves, thele are gum, ele- 
phants teeth, camels, and odrich-feathers ; for which 
are received in exchange trinkets, foap, antimony, red 
linen, razors, feiffars, mirrors, and beads. Wangara, 
to which the caravans alfo trade, was reprefented to Mr 
Ledyard as a kingdom producing much gold ; but the 
king feems to intermiddle with commerce as well as the 
potentate of Senaar ; for in order to deceive drangers, 
and prevent them from gueffing at the extent of his 
riches, he was reported to vary continually the gold ufed 
in barter, which it is his province to regulate, and of 
which he iflues at one time a great quantity, and at 
others little or none. A caravan goes from Cairo to 
Fezzan, which they call a journey of fifty days ; and as 
the caravans travel about 20 miles a day, the didance 
mud be about icoo miles ; from Fezzan to Tombuftoo 
is 1 Boo miles ; from Cairo to Senaar about 600 miles. 

Such was the information which Mr Ledyard deri- 
ved from the merchants of the caravans in Egypt ; but 
when he was about to verify it by his own obfervations, 
and had announced to the Aflbciation that his next dif- 
patch would be dated from Senaar, he was feized with a 
bilious complaint, which frudrated the (kill of the mod 
eminent phyficians, and put a period to his travels and 
his life at Cairo. It is needlefs to fay how much his 
death was regretted, or how well he was qualified for 
the arduous enterprife in which he had engaged. The 
perfon who, with fuch fcanty funds, could penetrate 
the frozen regions of Tartary, fubfid among their chur- 
lifh inhabitants, and ingratiate himfelf with the ferocious 
Moors of Egypt, could hardly have failed to obtain a 
kind reception from the gentle and hofpitable Negro, 
hadano untoward circumdance intervened. At Senaar, 
indeed, his rifle would have been great ; and Mr Bruce 
was decidedly of opinion, that a man fo poorly attended 
as Mr Ledyard, could never have made his efcape from 
that treacherous and ferocious people. 

The obfervations of this accurate obferver on the fe- 
male chara&er, though they have been repeatedly quot- 
ed in other works, are well entitled to a place here; 
and with them we (hall conclude this (ketch of his life : 
« I have always (fays he) remarked, that women in all 
countries are civil and obliging, tender and humane ; 

Suppl. Vol. II. Part I. 

73 ] LEM 
that they are ever enclined to be gay and cheerful, ti- Ledyar4 
morons and modeft ; and that they do not hefitate, like ^ 
man, to perform a generous adtion. Not haughty, not ^ 
arrogant, not fupercilious; they are full of courtefy, u—y—J 
and (ond of fociety ; more liable, in general, to err than 
man ; but in general alfo more virtuous, and perform- 
ing more good adfions than he. To a woman, whether 
civilized or favage, I never addrefied myfelf, in the lan- 
guage of decency and friendlhip, without receiving a 
decent and friendly anfwer. With man it has often 
been otherwife. In wandering over the barren plains 
of inhofpitabie Denmark, through honed Sweden, and 
frozen Lapland, rude and chuvlifh Finland, unprincipled 
RulTia, and the wide fpread regions of the wandering 
Tartar ; if hungry, dry, cold, wet, or fick, the women 
have ever been friendly to me, and uniformly fo. And 
to add to this virtue (fo worthy the appellation of be- 
nevolence), thele adfious have been performed in fo free 
and kind a manner, that if I was dry, I drank the fweet- 
ed draught ; and if hungry, I eat the coarftd morfel 
with a double relifh.” For a fuller account of Ledyard^ 
fee The TranfafUons of the African Ajfociatlon, or A View 
of the Late D fcoverles in Africa 

Hyperbolic LEGS, are the ends of a curve line 
that partakes of the nature of the hyperbola, or having 
afymptots. 

LEMINGTON Priors, is a village two miles ead. 
of the town of Warwick, famous forks mineral waters. 
One fait fpring, which rifes near the church yard, ha* 
been long known, as well as another which riles in the 
bed of the river ; but the mod remarkable fpring was 
difeovered in the year 1790. The wateis of both 
fprings have been analyzed with great accuracy by 
William Lambe, M. A. late Fellow of St John’s col- 
ledge, Cambridge, who has given us the following fy- 
noptical table of the fubdances contained in them : 

Gafeous Fluids contained in a Wine-gallon in Cubic inches. 

Hepatic gas 

Azotic gas 
Carbonic acid gas 

WATER OF THE 
NEW SPRING. 
Too fmall to be 

meafured. 
3-5 
•5 

WATER OF THE 
OLD SPRING. 
Too fmall to be 

meafured. 
3 

Solid contents of a Wine-gallon in Grains. 

Carbonat of iron 
Oxyds of iron and 

manganefe 
Oxygenated muriat'Unknown, but very 

WATER OF THE 
NEW SPRING. 

•75 

of iron and man- 
ganefe - - 

Sulphur 

Muriat of magnefia 
Muriat of foda 
Sulphat of Soda 
Sulphat of lime 

fmall. 

Unknown, but very 
fmall. 

II.s 
43° 
152 
112 

WATER OF THE 
OLD SPRING. 

Too fmall to be 
weighed. 

Unknown, but very 
fmall. 

58 
330 

62 
146 

In the courfe of his experiments, for which we 
mud refer to the original memoir, in Tranfadtions 
of the Mancheder Society, Mr Lambe thinks he difeo- 
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Lemnif- vered the origin of the muriatic acid. He found a 

catje coincidence, very unexpected, between the hepatifed 
Lrrlfe- fohition of iron and the oxygenated muriat ot iron. 

“ I had aim oft concluded (fays he), from the refem- 
blance between the properties of this fait and the phe- 
nomena of the water, that the water contains this very 
fait. Now, I conclude, that they contain a matter, be 
it what it may, produced by the a&ion of hepatic gas 
on iron. But they are the very fame faCts which form 
the bails, upon which each feparate inference is built. 
Does it not follow, then, as a neceflary confequence, 
that the hepatifed fohnion itfelf contains a muriat of 
iron highly oxygenated, and that therefore In this procefs 
muriatic acid is generated P This concluixon feemed au- 
thorifed by reafon, and experiment has confirmed it.” 

LEMNISCATE, the name of a curve in the form 
of the figure of 8. 

LEMON Juice, is an article of fuch harmlefs lux- 
ury, and in fome cafesof fuch real utility, that many of 
our readers will be pleafed to know a fimple method by 
which they may obtain it in great purity. In the arti- 
cle Chemistry (SuppL), n° 476, we havedhewn from 
Scheele and Dize, how to obtain the citric acid perfect- 
ly pure, and in the form of cryftals; but here we mean 
nothing more than to Ihew how it may be completely 
feparated from that flirny fubftance with which it is 
always mixed in the lemon, without allowing it time to 
fpoil or to acquire any difagreeable tafte during the 
feparation. This we are enabled to do by M. Brug- 
natelli, who, in the fecond volume of the Annali de 
Chimia, informs us, that he exprefied in the common 
manner the juice of perfectly ripe lemons, and ftrained 
it through a piece of linen. In half an hour he {train- 
ed it again, to free it from a little flimy matter which 
had fettled at the bottom of the veffel. He then add- 
ed to the juice a certain quantity of the ftrongeft fpirit 
of wine, and preferved the mixture for fome days in a 
well-corked bottle. During that time there was a con- 
fiderable depofit, which to all appearance was of a flimy 
nature, and which he feparated by filtering paper. If 
the fluid was too thick to pafs through the filter, he 
diluted it again with fpirit of wine. After this ope- 
ration, the depofit remained on the paper, which was 
entirely covered with it ; and he obtained, in the veffel 
placed below, the purefc acid of lemons combined with 
fpirit of wine. 

If it be required to obtain the acid pei-feftly pure, 
nothing is neceffary but to feparate from it the fpirit of 
wine, which can be belt effeCted by evaporation. The 
acid of the lemons affumes, after it has been freed from 
the fpirit of wine and the moiftnre combined with it, a 
yellowiih colour, and becomes fo ftrong, that by its tafte 
it may be confidered as a mineral acid. 

It is not neceffary to evaporate the fpirit of wine in 
a clofe veffel, if the experiment is made only on a fmall 
fcale ; nor is there any danger that in open veffels any 
of the acid will be loft, as it is too fixed to be votaliti- 
fed by the fame degree of heat at which fpirit of wine 
evaporates. This acid has peculiar properties, which 
deferve farther examination. 

LENSES (fee Lens and Dioptrics, Encycl.), are 
either blown or ground. 

Blown Lenses are ufed only in the fingle microfcope ; 
and the ufual method of making them has been to draw 
out a fine thread of the foft white glafs called cryjlaly 

and to convert the extremity of this into a fpherule by 
melting it at the flame of a candle. But this glafs con- 
tains lead, which is difpofed to become opake by par- 
tial redu&ion, unlefs the management be very carefully 
attended to. We are informed, however, by Mr Ni- 
cholfon, that the hard glafs ufed for window-s feldom 
fails to afford excellent fpherules. This glafs is of a 
clear bright green colour when feen edgewife. A thin 
piece was cut from the edge of a pane of glafs lefs than 
one-tenth of an inch broad. This was held perpendi- 
cularly by the upper end, and the flame of a candle was 
directed upon it by the blow-pipe at the diftance of 
about an inch from the lower end. The glafs became 
foft, and the lower piece defeended by its own weight 
to the diftance of about two feet, where it remained fuf- 
pended by a thin- thread of glafs about one five-hun- 
dreth of an inch in diameter. A part of this thread was 
applied end wife to the lower blue part of the flame of 
the candle without the ufe of the blow-pipe. The ex- 
tremity immediately became white-hot, and formed a 
globule. The glafs was then gradually and regularly 
thruft towards the flame, but never into it, until the 
globule was fufficiently large. A number of tliefe were 
made ; and being afterwards examined, by viewing their 
focal images with a deep magnifier, proved very bright, 
perfedl, and round. This, as the ingenious author ob- 
ferves, may prove an acceptable piece of information to 
thofe eminent men (and there are many fuch), whofe 
narrow circumilances, or remote fituations, are obliged 
to have recourfe to their own fkill and ingenuity for ex- 
perimental implements. 

Ground Lenses, are fuch as are ground or rubbed in- 
to the defired flxape, and then polifhed. Different 
ftiapes have been propofed forlenfes; but in the article 
Optics, n° 251 (Encyclh has been Ihewn that, after 
all, the fpherical is the moft practically ufeful. By 
many of the methods of grinding, however, the artifi- 
cer, with his utmoft care, can only produce an approxi- 
mation to a truly fpherical figure ; and, indeed, gentle- 
men have, for the molt part, nothing to depend on for 
the fphericity of the lenfes of their telefcopes, but the 
care and integrity of the workmen. In the 41ft vo- 
lume of the TranfaCtions of the Royal Society of Lon- 
don, a machine is deferibed by Mr Samuel Jenkins, 
which, as it is contrived to turn a fphere at one and 
the fame time on two axes, cutting each other at right 
angles, will produce the feginent of a true fphere mere- 
ly by turning round the wheels, and that without any 
care or flcill in the workmen. The following deferip- 
tion of this machine will enable our readers fully to 
comprehend its conftruClion, and the mode of ufing it: 
A is a globe covered with cement, in which are fixed 
the pieces of glafs to be ground. This globe is faften- 
ed to the axis, and turns with the wheel B. C is the 
brafs cup which polilhes the glafs : this is faftened to 
the axis, and turns with the wheel D. The motion of 
the cup C, therefore, is at right angles with the motion 
of the globe A ; whence it follows demonftrably, that 
the pieces of glafs ground by this double motion mult 
be formed into the fegments of fpheres. 

LEO X. is a pontiff to whom learning, and art, and 
fcience, are fo deeply indebted, that not to give a fketch 
of his life and charaCfer, in a Work of this kind, would 
be an unpardonable omiffion. A character ofhim is in- 
deed given in the Encyclopaedia; but it is fo far from the 
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truth, that ft is difficult to conceive the prejudices under 

"~v“w which he muft have laboured by whom fuch a libel was 
drawn up., 

Leo, whofe name, before his elevation to the pontifi- 
cate, was Giov/inni de Medici, was the feeond fon of Lo. 
renzo de Medici, juftly ftylcd the Magnificent. In the 
life of that great man publiflied in this Supplement, the 
reader wall fee by what means, and for what purpofe, he 
got Giovanni raifed to the dignity of cardinal at fo ear- 
ly a period of life ; and in the elegant work of Rofcoe, 
to which we there refer, he will find fuch inftrudiions 
of Lorenzo to the cardinal as muft have made a deep 
impreffion on his youthful mind. 

Speaking of his promotion, Lorenzo fays, “ The firft 
thing that I would fuggeft to you is, that you ought 
to be grateful to God, and continually to recolledl that 
it is not through your merits, your prudence, or your 
folicitude, that this event has taken place, but through 
Ids favour which you can repay only by a pious, chajle, 
and exemplary life ; and that your obligations to the per- 
formance of thefe duties are fo much the greater, as in 
your early years you have given fome rcafonable expecta- 
tion that your riper age may produce Inch fruits. It 
would indeed be highly difgraceful, and as contrary to 
your duty as to my hopes, if at a time when others dif- 
play a greater fhare of reafon, and adopt a better mode 
of life, you ihould forget the precepts of your youth, and 
forfake the path in which you have hitherto trodden.'’ — 
“ I well know (continues Lorenzo), that as you are 
now to refide at Rome, that link of all iniquity, the dif- 
ficulty of conducting yourfelf by thefe admonitions will 
be increafed. The influence of example is itfelf preva- 
lent; but you will probably meet with thofe, who will 
particularly endeavour to corrupt and incite you to vice ; 
becaufe, as you yourfelf may perceive, your early at- 
tainment of fo great a dignity is not obferved without 
envy, and thofe who could not prevent your receiving 
that honour, will fecretly endeavour to diminifh it, by 
Inducing you to forfeit the good eftimation of the pub- 
lic.”-— “ You are not unacquainted with the great im- 
portance of the chara&er which you have to fuftain ; 
for you well know, that ail the Chriftian world would 
profperif the cardinals were wdiat they ought to be ; 
becaufe in fuch a cafe there would always be a good 
pope, upon which the tranquillity of Chriftendom fo 
Inaterially depends.” 

/vs this was a confidential letter from Lorenzo to his 
fon, the firft of thefe extra&s furnifhes very fufficient e- 
vidence, that Giovanni had been at leaft a well behaved 
boy, diligent in his ftudies, and regular in his conduct ; 
and without fuppofing him remarkably religious, the 
admonitions of fuch a father, aided by his own ambi- 
tion and love of letters, would furely guard him againft 
fuch grofs licencioufnefs as that of which he is accufed 
in the Encyclopedia. How much he revered his father, 
is apparent from the letter which he wrote to his bro- 
ther immediately after Lorenzo’s death. “ What a fa- 
ther (fays he) have we loft ! How indulgent to his chil- 
dren ! Wonder not, then, that I grieve, that I lament, 
that I find no reft. Yet, my brother, I have fome con- 
folation in reflefting that I have thee, whom I {hall al- 
ways regard in the place of a father,” Surely this is 
not the language of a grofs feniualift, or of one who 
could foon forget the falutary admonitions of fuch a pa- 
rent as Lorenzo de Medici, But it is needlefs to infer 

' the decency 6f his charafter by fuch reafonings as thefe, ^eo- 
The ftory publiflied in the Encyclopedia, of the manner 'V‘~J 

in which the Cardinal de Medici obtained the tiara, can- 
not poffibly be true. The reader, who (hall turn to the 
article Pope in that Work, will find that the conclave, 
when fitted up for an ele/tion, is fo large a place, that 
we may fafely affirm, that had the cardinal’s ulcer dif- 
charged matter fo fetid as to poifon all the alls, the af- 
fe:tion of the phyficians would have been verified, and 
that in the then ftate of the healing art, the new pope 
could not have furvived a month. Let it be remember- 
ed, too, that Leo, at his acceffion, was not 30, but 37 
years of age, and that he had long ruled in Florence 
with fovereign fway by the fame means which had up- 
held the authority of his father. The follies of youth, 
therefore, had he ever been remarkable for fuch follies, 
muft have been over with him ; and in fuch a ftate as 
Florence he could not have maintained the authority of 
Lorenzo, without exhibiting not only Lorenzo’s libera- 
lity, but likewife bis decency of manners. 

The next charge brought againft Leo in the Ency- 
clopedia, is, that he publiflied general indulgencies 
throughout Europe ; and this is fo exprefled as to lead 
the ill informed reader to fuppofe, either that no fuch 
indulgencies had ever been publiihed by any of his 
predeceftbrs, or that there was fomething peculiarly 
icandalous in Leo’s mode of publilhing them. Both 
fuppofitions, however, are erroneous. The hiftorian of 
the council of Trent, who certainly was not partial to the 
court of Rome, or to the difpenfing power of the pope, 
has fhewn, that the practice of railing money, by the 
publication of indulgencies, had prevailed ever fince the 
year moo ; that many former popes had raifed money 
in this manner for purpofes much lefs laudable than 
thofe which Leo had in his eye ; and that thg real caufe 
of Luther’s attack upon Leo’s indulgencies was, that 
they were preached through Saxony by the Dominican 
friars ; whereas the preaching of former indulgencies 
had been committed to the hermits of St Auguftine, the 
order to which Luther himfelf belonged ! 

Leo is likewife accufed in the Encyclopcedia of being 
a profefled infidel, and of having called Chriftianity “ a 
fable very profitable for him and his predecelfors.” But 
of the truth of this accufation there feems not to be the 
ftiadow of evidence. Leo had too much fenfe to utter 
expreffions of this kind, even had he been an unbeliever 
in his heart ; for he could not poffibly expeft that his 
indulgencies and pardons would be purehafed, had he 
declared in fuch ftrong terms that they were or no va- 
lue. Father Paul indeed fays, that he was not a deep 
divine, or fo pious as fome of his predecefibrs ; but he 
affirms, that he adorned the papacy with many admirable 
qualities ; that he was learned, affable, liberal, good; 
that he delighted in healing differences, and that his 
equal had not, for many years, filledthe chair of St Peter. 
Surely this is not the charadler of a profane infidel! 

Leo has been charged with railing his own family to 
grandeur at the expence of juftice ; and of dealing 
treacheroufly, in order to effett this purpofe, both with 
the Emperor and with the French king. But the charge 
is either falfe or greatly exaggerated. He loft no op- 
portunity indeed of aggrandizing his relations, well 
knowing, that in order to fecure to them any lafting be- 
nefit, it was neceffary that they ftiould be powerful 
enough to defend themfelves, after his death, from the 
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Leo, rapacious aims of fucceeding pontiffs ; but, in profecu- 

t Lfflie- ting this plan, he was fo far from a&ing tyrannically or 
injurioufly to others, that during his pontificate, the pa- 
pal dominions enjoyed a degree of tranquillity fuperior 
to any other Italian Hate. During the contefts that 
took place between the emperor and the French king, 
fo far from adling treacheroufly, he diilinguifhed himfelf 
by his moderation, his vigilance, and his political ad- 
drefs ; on which account he is juftly celebrated by an 

* Dr Ko- eminent hiitorian of our own*, as “ the only prince of 
iert/on. the age who obferved the motions of the two contend- 

ing monarchs with a prudent attention, or who difcover- 
ed a proper folicitude for the public fafety.” 

We truft that no zealous Proteftant will think we 
have employed our time ill, in vindicating the character 
of this fplendid pontiff; for good learning, and, of 
courfe, true religion, are more indebted to Leo X. than 
to any other individual of the age in which he lived, his 
father Lorenzo alone excepted. 

Leo Minor, the Little Lion, a conftellation of the 
northern hemifphere, and one of the new ones that were 
formed out of what were left by the ancients, under the 
name of StelU Informes, or unformed ilars. See As- 
tronomy, n° 406. Encycl. 

LESLIE (Charles), was a man fo eminent for his 
learning, his talents, and his piety, that a fuller account 
of him than that which is given in the Encyclopedia 
muft be acceptable to our Chriftian readers. He was 
the fecond fon of Dr John Leflie biihop of Clogher in 
Ireland, who was defcended from an ancient family in 
the north of Scotland, and being an admirable fcholar, 
rofe to the dignity of biihop of Orkney in his own 
country, whence he w^as tranilated, in 1633, to Raphoe 
in Ireland, and afterwards, in 1661, to the fee of 
Clogher. 

Our author was born in Ireland, but in what year 
we have not learned. A ludicrous itory goes indeed of 
his having been begotten in prifon, and of his father 
having faid that he hoped he would in confequence be- 
come the greateft fcourge of the covenanters that Great 
Britain or Ireland had ever feen. This ftory, with all 
its circumllances as told to us, can hardly be true ; but 
we think it could not have been fabricated, had not 
Charles Leilie been born within a year of Cromwell’s 
conqueft of Ireland, when the good biihop, having fuf- 
nined a fiege in his caille of Raphoe againft that arch 
rebel, was feme time kept in clofe confinement. 

We are equally ignorant of the fchool where he was 
educated as of the year of his birth ; but w'e know that 
he had his academical education in Trinity College, 
Dublin, where he took the degree of mailer of arts. In 
the year 1671, he loit his father, when he came over to 
England, and, entering himielf in the Temple, iludied 
law for fome years, but afterwards relinquiihtd it for 
the ftudy of divinity. In 1680, he was admitted into 
holy orders ; and, in 1687, was made chancellor of 
Connor. 

About this period he rendered himfelf particularly 
obnoxious to the Popiih party in Ireland, by his zealous 
oppofition to them, which was thus called forth. Ro- 
ger Boyle, biihop of Clogher, dying in 1687, Patrick. 

Blog rap /j/m/ ' f y r r was made titular Popiih biihop, and had the re- 
Difimary. venues of the fee affigned him by king James. He fet 

up a convent of friars in Monaghan : and, fixing his ha- 
bitation there, held a public vifitation of his clergy with 

great folemnity ; when, fome fubtile logicians attending LeiKe. 
him, he was fo infolent as to challenge the Proteilant —’""Y'— 
clergy to a public deputation. Leilie undertook the 
taik, and performed it to the fatisfadtion of the Protef- 
tants; though it happened, as it generally does at fuch 
conteils, that both tides claimed the victory. He af- 
terwards held another public deputation with two cele- 
brated Popiih divines, in the church of Tynan, in the 
diocefe of Armagh, before a very numerous affembly of 
perfons of both religions ; the iifue of which was, that 
Mr John Stewart, a Popiih gentleman, folemnly re- 
nounced the errors of the church of Rome. 

As the Papiits had got poffeffion of an Epifcopal fee, 
they engroffed other offices too ; and a Popiih high- 
iheriff was appointed for the county of Monaghan. 
This proceeding alarmed the gentlemen in that county ; 
who, depending much on Leilie’s knowledge as a juilice 
of peace, repaired to him, then confined by the gout 
to his houfe. He told them, that it would be as illegal 
in them to permit the iheriif to adt as it would be in 
him to attempt it. But they infilling that he ihould 
appear himfelf on the bench at the next quarter feifions, 
and all promifing to Hand by him, he was carried thither 
with much difficulty and in great pain. When the 
ffieriff appeared, and was taking his place, he was aiked 
whether he was legally qualified ; to which he anfwered 
pertly, “ That he was of the king’s own religion, and 
it was his Majelly’s will that he ffiould be ^heriff.,, 

Leflie replied, “ That they were not inquiring into his 
Majefty’s religion, but whether he (thepretended iheriff) 
had qualified himfelf according to law, for adling as a 
proper officer ; that the law was the king’s will, and 
nothing elfe to be deemed fuch ; that his fubjedls had 
no other way of knowing his will, but as it is revealed 
to them in his laws ; and it muft always be thought to 
continue fo, till the contrary is notified to them in the 
fame authentic manner.” Upon this, the bench una- 
nimoufly agreed to commit the pretended Iheriff, for his 
intrufion and arrogant contempt of the court. Leflie 
alfo committed fome officers of that tumultuous army 
which the Lord Tyrconnel railed for robbing the 
country. 

In this fpirited conduct Leflie adted like a found di- 
vine and an upright magiftrate ; but though he thought 
himfelf authorifed to refift the illegal mandates of hiV 
fovereign, like many other great and good men, he dif- 
tinguilhed between adtive and paffive obedience, and 
felt not himfelf at liberty to transfer his allegiance from 
that fovereign to another. Refufing therefore to take 
the oaths to king William and queen Mary, he was de- 
prived of all his preferments; and in 1689 he removed 
with his family to England, where he publifhed the fol- 
lowing works, befides thofe already noticed in the En- 
cyclopedia : t, Anfwer to Archbiftiop King’s State of 
the Proteftants in Ireland. 2. Caffandra, concerning 
the new Affociations, &c. 1703, qto. 3. Rehearfals; 
at firll a weekly paper, publiffied afterwards twice a- 
week in a half-fheet, by way of dialogue on the affairs 
of the times ; begun in 1704, and continued for fix or 
feven years. 4. The Wolf ftripped of his Shepherd’s 
Clothing, in Anfwer to Moderation a Virtue, 1704, 
4to. The pamphlet it anfwers was written by James 
Owen. 5. The Biftiop of Sarum’s [Burnet’s] proper 
Defence, from a fpeech faid to be fpoken by him 
againft oceafional conformity, 1704, 4to. 6. The new 

Affociatioia 
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Aflbciation of thofe called Moderate Churchmen, &c. daughter of one Vip rer 
1 occafioned by a pamphlet, entitled, The Danger of 
Prieftcraft, 1705, 4to. 7. The new Affociation, part 
2d, 1705, 4to. 8. The Principles of Difooters con- 
cerning Toleration and occafional Conformity, I7°5» 
4to. 9. A warning for the Church of England, 1706, 
4to. Some have doubted whether thefe two pieces 
were his. 10. The good old Caufe, or Lying m 

' Truth ; being a fecond Defence of the Bifhop of Sarum 
from a fecond Speech, &c. 1710. For this a warrant 
was iffued out againft Leflie. 11. A Letter to the 
pd(hop of Sarum, in Anfwer to his Sermon after the 
Queen’s Death, in Defence of the Revolution, 1715. 
iT: Salt for the Leech. 13. The Anatomy of a Ja- 
cobite. 14. Gallienus redivivus. 15. Delenda Car- 
thago 16. A Letter to Mr William Molyneux, on 
his Cafe of Ireland’s being bound by the Englifh Ads 
of Parliament. 17. A Letter to Julian Johnfon. 18. 
Several Drafts againft Dr Higden and Mr Hoadly. 
10. A Difcourfe, (hewing who they are that are now 
qualified to adminifter Baptifm. 20. The Hulory of 
Sin and Herefy, &c. 1698, 8vo. 2,. The Truth of 
Chriftianity demonftrated, in a Dialogue between a 
Chriftian and a Deift, 17 n, 8vo.—Againft the 1 apifts : 
22. Of private Judgment and Authority m Matters of 
Faith. 23. The Cafe ftated between the Church or 
Rome and the Church of England, &c; 1713; 24- 
The true notion of the Catholic Church, m Anfwer to 
the Bifhop of Meaux's Letter to Mr Nelfon, &c. 

Befides thefe, he publifhed the four following i rafts: 
2C. A Sermon preached in Chefter, againft Marriages 
in different Communions, 1702, 8vo. i his fermon oc- 
cafioned Mr Dodwell’s difcourfe upon the fame fuojeift. 
26. A Difortation concerning the Ufe and Authority 
of Ecclefiaftical Hiftory. 27. The Cafe of the .vegal 
and the Pontificate. 28. A Supplement, m Anfwer to 
a Book, entitled, The regal Supremacy in Eccleliaiti- 
cal Affairs afferted, &c. Thefe two laft pieces were 
occafioned by the difpute about the rights of convoca- 
tion, between Wake, &c. on one fide, and Atterbury 
and his friends, among whom was Leflie, on the other. 

It is faid by the authors of the Biographical Dic- 
tionary, that, in confequence of a publication of his, 
entitled, “ The hereditary right of the crown of Eng- 
land afferted,” he was under the neceffity of leaving 
the kingdom ; and that he repaired to the Pretender at 
Bar le due, where he was allowed to officiate, in a pri- 
vate chapel, after the rites of the church of England ; 
and where he endeavoured, though in vain, to convert 
the Pretender to the Proteftant religion. 

That he repaired to Bar U due, and endeavoured to 
convert to the chinch of England him whom fo conh- 
dered as the rightful fovereign of England, is indeed 
true ; but we have reafon to believe that this was not 
in confequence of his being obliged to leave the king- 
dom. There is, in the firft place, forae grounds to be- 
lieve, that “ The hereditary right of the crown of Eng- 
land afferted” was not written by him; and there is Iti 
in exiftence undoubted evidence, that, in confequence 
of his great fame as a polemic, he was fent to Bar le 
due for the exprefs purpofe of endeavouring to convert 
the fon of James II. by feme gentlemen of fortune in 
England, who wiffied to fee that prince on the throne 
uf his anceftors. The writer of this article had the ho- 
nour, 16 or 17 years ago, to be known to the gian 

•a lady of the Leflie. oaugnicr ut U4. f,  # ^— 
drifted veracity ; and from her he received many anec- 
dotes of Leflie and his affociates, which, as he did not 
then forefee that he fhould have the prefent occafion 
for them, he has fuffered to flip from his memory. 
That lady is dill alive, and we have reafon to believe 
is in poffeffion of many letters by Leflie, written in con- 
fidence to her grandfather, both from Bar le due and 
from St Germains ; and by the account which (he gave 
of thefe letters, Leflie appears to have confidered tus 
prince as a weak and incorrigible bigot, though, in 
every thing but religion, an amiable and accomphfhed 
man. This may have been his genuine charafterfor 
we all know that it was the charafter of his father : but 
it is not of him that we are writing. 

Mr Leflie having remained abroad from the year 
1709 till 1721, returned that year to England, refol- 
ving, whatever the confequences might be, to die in his 
own country. Some of his friends acquainting Lord 
Sunderland with his purpofes, implored his protection 
for the good old man, which his Lordflup readily and 
generoufly promifed. Mr Leflie had no former arrived 
in London, than a member of the houfe of commons 
oificioufly waited on Lord Sunderland with the news, 
but met with fuch a reception from his Lordfhip as the 
malice of his errand deferved. Our author then went 
over to Ireland, where he died April 13. i?22’ at his 

own houfe at Glaflough in the county of Monaghan. 
His charafter may be furomed up in a few words. 

Confummate learning, attended by the loweft humility, 
the ftrifteft piety without the leaft tinfture of moro e- 
nefs, a converfation to the laft degree lively and fpinted, 
vet to the laft degree innocent, made him the delight 
of mankind, and leaves what Dr Hickes fays of hun 
unqueftionable, that he made more converts to a found 
faith and holy life than any other man of our times. _ 

A charge, however, has been lately brought againft 
him of fuch a nature, as, if well founded, muft detraft 
not only from his literary fame, but alio from his in e- 
p-rity “ The fhort and eafy method with the Deiits 
is unqueftionably his moft valuable, and apparently his 
moft original work; yet this traft is publifhed 111 Fiench 
among the works of the Abbe St Real, who died in 
i6q2t and therefore it has been faid, that unlefs it was 
publifhed in Englifh prior to that period, Charles Leflie 
mu ft be confid'ered as a fhamelefs plagiary. 

The Englifh work was certainly not publifhed prior 
to the death of Abbe St Real ; for the firft edition 
bears date July 17th 1697 ; and yet many reafons con- 
fpire to convince us, that our countryman was no pla- 
giary. There is indeed a ftriking hmilanty between the 
En/lifh and the French works ; but this is no complete 
proof that the one was copied from the other. The ar- 
ticle Philovogy in the Encyclopedia Britanmca, o 
which Dr Doig is the author, was pubhfhed the very 
fame week with Dr Vincent’s differtation on the Greek 
verb. It was therefore impoffible that either of thefe 
learned men, who were till then ftrangers to each others 
names, could have ftolen aught from the other ; and yet 
Dr Vincent’s derivation of the Greek verb beais as ftri- 
king a refemblance to Dr Doig’s as the Abbe St Real s 
work does to Charles Leflie’s. In the article Miracle 
(EnctcL), the credibility of the gofpel miracles is efta- 
blifbed by an argument, which the author certainly bor- 
rowed from no man, and which the late Principal- 
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Campbell confidered as original; yet within half-a-year 
of tae publication of that article, the credibility of the 
goipcl-miracles was treated in the very fame manner by 
h. Sayers, M. D. though there is in his diflertation 
complete internal evidence that he had not feen the ar- 
ticle in the hncyclofxedia. Not many months ago, the 
author of this /ketch reviewed, in one of the journals, 
the work of a friend, which was at the fame time re- 
viewed in another journal, that at this moment he has 
never teen. \ et he has been told by a friend, who is 
much verfant in that kind of reading, and knows no- 
thmg of his concern with either review, that the book 
m qeefbon mutt, in both journals, have been reviewed 
b) the fame hand 5 becaufe in both the fame character 
is given of it in almoft the very fame words ! 

Alter thefe inftances of apparent plagiarifm, which 
we know to be only apparent, has any man a right to 
fay that Charles Leflie and the A.bbe St Real might 
not have treated their fubjedt in the way that they have 
done, without either borrowing from the other ? The 
coincidence of arrangement and reafoning in the two 
works is indeed very furprifing ; but it is by no means 
/o fuipriling as the coincidence of etymological deduc- 
tions which appears in the works of the Do&ors Doig 
?nd Vincent. The divines reafon from the ackuowledo-ed 
laws of human thought; the reafonings of the gramma- 
rans, with all due deference to their fuperior learning, 
we cannot help confidering as fometimes fanciful. 

But this is not all that we have to urge on the fub- 
jedf. If there be plagiarifm in the cafe, and the iden- 
tity of titles looks very like it, it is infinitely more pro- 
bable that the editor of St Real’s works Hole from Lef- 
iic, taan that Leflie Hole from St Real, unlefs it can be 
proved that the works of the Abbd, and this work in 
paiticular, were publifhed before the yrcar 1697. At 
that period, the Engliih language was very little read 
01 undei Hood on the continent ; whilft in Britain the 
trench language was, by fcholars, as generally under- 
ftood as at prefent. _ Hence it is, that fo many French- 
rtien, and indeed foreigners of different nations, thought 
themfelves fafe in pilfering fcience from the Britifh phi- 
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“loiophers ■ ; whilfl there is not, that we know, one well 
authenticated inflance 6f a Britifh philofopher appro- 
priating to himfeif the difeoveries of a foreigner. If, 
then, fuch men as Leibnitz, John Bernoulli, and 
Les Cartes, trufling to the improbability of detec- 
tion, condefcended to pilfer the difeoveries of Hooke, 
Newton, and Harriot, is it improbable that the 
editor of the works of St Real would claim to his friend 
a celebrated tradl, of which he knew the real author to 
be obnoxious to the government of his own country, 
and therefore not likely to have powerful friends to 
maintain his right ? 

But farther, Burnet, bifhop of Sarum, was an excel- 
lent fcholar, and well read, as every one knows, in the 
works of foreign divines. Is it conceivable, that this 
prelate, when fmarting under the lafh of Leflie, would 
have let flip lo good an opportunity of covering with 
di-grace his molt formidable antagonift, had he known 
that antagomil to be guilty of plagiarifm from the 
writings of the Abbe St Real ? Let it be granted, 
however, that Burnet was a flranger to thefe writings 
ana to this plagiarifm ; it can hardly be fuppofed that 
Le Uarc was a ftranger to them likewife. Yet this 

author, when, for reafons beft known to himfelf, he 
chofe (1706) to depreciate the argument of the Jhort 
method, and to traduce its author as ignorant of ancient 
hiflory, and as having brought forward his four marks ^ 
for no other purpofe than to put the deceitful traditions 
of Popery on the fame footing with the moll authentic 
dodtrines of the gofpel, does not fo much as infinuate 
that he borrowed thefe marks from a Popifh abbe, 
though fuch a charge, could he have eftablifhed it, would 
have, ferved his purpofe more than all his rude railings 
and invedtive. But there wras no room for fuch a charge. 
In the fecond volume or the works of St Real, pubiifh- 
ed in 1757, there is indeed a tra& entitled Methods 
Courte et Aifee pour combattre les Deifies ; and thei e can. 
be little doubt but that the pubhfher wifhed it to be 
confidered as the work of. his countryman. Unfortu- 
nately, however, for his defign, a catalogue of the Ab- 
be’s works is given in the firft volume ; and in that ca- 
talogue the Methods Courte et Aifee is not mentioned. 

We have dwelt thus long on The Short and Eafy Me- 
thod with the Deijis, becaufe it is one of the ablefl 
works that ever was written in proof of the Divine 
origin of the Jewiili and Chriflian Scriptures ; a work 
of which the merit is acknowledged by Lord Boling- 
broke, and which, as has been obferved elfewhere, (fee 
Iheology, n® 16. Encycl.) Dr Conyers Middleton 
confeffes to be unaniwerable. If by men of fcience we 
be thought to have fpent ourAime well in vindicating 
the rights of our illuflrious philofophers Hooke and 
Newton, to difeoveries which have been unjuftly claim- 
ed by the philofophers of Germany and France ; we will 
not furely by the friends of Chriflianity be thought to 
have employed our time ill in vindicating Leflie’s claim 
to this decifive argument in fupport of our holy religion. 

LEVER, the firft of the mechanical powers, for the 
properties of which fee Mechanics ; and for a demon- 
Tlration of its fundamental property, fee Steel yard 
both in the Encyclopedia. 

LICENSER of books (fee Liberty of the Prefsy 
Encycl.), has been an officer in almofl every civilized na- 
tion, till the end of the lafl century that the office was 
abolifhed in Great Britain. Profeffor Beckmann, with 
"s 'nda^ry*» fias pl oved, that fuch an office was * Wftorv ef 

eftablifhed not only.in the Roman Empire, but even JnJntiL, 
in the republic, and in the free Hates of ancient Greece.vo^ 3^* 

Athens, the works of Protagoras were prohibit- 
ed ; and all the copies of them which could be collect- 
ed, were burnt by the public crier. At Rome, the 
writings of Numa, which had been found in his grave, 
were, by order of the fenate, condemned to the fire, 
becaufe they were contrary to the religion which he 
had introduced. As the populace of Rome were, in 
times of public calamity, more addicted to fuperHition 
than feemed proper to the government, an order was 
jfiued, that all fuperftitious and afirological books 
ffiould be delivered into the hands of the prsetor. This 
older was often repeated; and the emperor AuguHus 
caufed more than twenty thoufand of thefe books to be 
burnt at one time. Under the fame emperor the fati- 
rical works of Labienus were condemned to the fire, 
which was the firft inHance of this nature ; and it is re- 
lated as fomething lingular, that, a few years after, the 
writings of the perfon who had been the caufe of the 
order for that purpofe ffiared the like fate, and were 

alfo 
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I.!cer.fer, alfo publicly burnt. When Cremutius Cordus, in his 
Lichen, luftory, called C. Cafiius the lail of the Romans, the fe- 

nate, in order to flatter Tiberius, caufed the book to be 
burnt ; but a number of copies were faved by being con- 
cealed. Antiochus Epiphanes caufed the books of the 
Jews to be burnt ; and in the firft centuries of our sera 
the books of the Chriftians were treated with equal fe- 
verity, of which Arnobins bitterly complains. We are 
told by Eufebius, that Dioclefian caufed the facred 
Scriptures to be burnt. After the fpfeading of the 
Chriftian religion the clergy exercifed, againft books 
that were either unfavourable or difagreeable to them, 
the fame feverity which they had cenfured in the hea- 
thens as foolifh and prejudicial to their own caufe. 

Soon after the invention of printing, laws began to 
be made for fubje&ing books to examination ; a regula- 
tion propofed even by Plato ; and which has been wilh- 
ed for by many flnee. Our author gives a great deal 
of curious information on this important fubjeft, which 
our limits do not permit us to repeat ; but it is appa- 
rent from his work, that the liberty of the prefs is but 
a modern privilege ; and that it has not been enjoyed 
completely in any country but this happy illand. 

LICHEN (fee Encycl.), is a genus of Plants, of 
which the moft valuable fpecies feems to be the Lichen 
Rocella, or Jrgol. As that fpecies has not been no- 
ticed in the article referred to, the following account of 
it from Profefibr Beckmann will be acceptable to many 
of our readers : 

It is found in abundance in fome of the iflands near 
the African coaft, particularly in the Canaries, and in 
feveral of the iflands in the Archipelago. It grows up 
right, partly in Angle, partly in double Aems, which are 
about two inches in height. When it is old, thefe 
Items are crowned with a button fometimes round, and 
fometimes of a flat form, which Tournefort, very pro- 
perly, compares to the excrefcences on the arms of the 
fepia. Its colour is fometimes a light, and fometimes 
a dark grey. Of this mofs, with lime, urine, and alka- 
line falts, is formed a dark red pafte, which in com- 

- merce has the fame name, and which is much ufed in 
dyeing. That well-known fubftance called laemus is alfo 
made of it. 

Theophraftus, Diofcorides, and their tranferiber 
Pliny, gave the name of Phycos thalaflion, or ponlion, to 
this plant, which, notwithftanding its name, is not a fea 
weed but a mofs ; as it grew on the rocks of different 
iflands, and particularly on thofe of Crete or Candia. 
It had, in their time, been long ufed for dyeing wool; 
and the colour it gave when frefh was fo beautiful, that 
it excelled the ancient purple, which was not red, as 
many fuppofe, but violet. Pliny tells us, that with this 
mofs dyers gave the ground or flrft tint to thofe cloths 
which they intended to dye with the coftly purple. 
When it was flrfl employed as a dye by. the moderns, 
is not fo certain, though the Profeflbr has proved, we 
think completely, that it mult have been at leafl as early 
as the beinning of the 14th century. 

“ Among the oldefl and principal Florentine fami- 
lies (fays he), is that known under the name of the 

Oricellarii or Rucellarii, Rufcellai or Rucellai, feveral Lichen, 
of whom have dillinguifhed themfelves as flatefmen and 
men of letters. This family are defeended from a Ger- 
man nobleman, named Ferro or Frederigo, who lived in 
the beginning of the twelfth century. One of his de- 
feendants, in the year 1300, carried on a great trade in 
the Levant, by which he acquired conflderaMe riches, 
and returning at length to Florence, with his fortune, 
Arlt made known in Europe the art of dyeing with 
argol. It is faid, that a little before his return from 
the Levant, happening to make water on a rock cover- 
ed with this mofs, he obferved, that the plant, which 
was there called refpioy or refpo, and in Spain orciglia, 
acquired by the urine a purple, or, as others fay, a red 
colour. He therefore tried feveral experiments; and 
when he had brought to perfection the art of dyeing 
wool with this plant, he made it known at Florence, 
where he alone pradlifed it for a conAderable time, to 
the great beneflt of the ftate. From this ufeful inven- 
tion, the family received the name of Oricellarii, from 
which, at laft, wras formed Rucellai.” The Profeffor, 
however, does not believe that this Florentine difeover- 
ed the dye by means of the above-mentioned accident, 
but that he learned the art in the Levant, and on his 
return taught it to his countrymen. 

“ Our dyers do not purchafe raw argol, but a paile 
made of it, which the French call orfeille en pate. The 
preparation of it was for a long time kept a fecret by 
the Florentines. The perfon who, as far as 1 know, 
made it Arft known was Rofetti ; who as he himfelf 
tells us, carried on the trade of dyer at Florence. Some 
information was afterwards publiflied concerning it by 
Imperati * and Micheli the botanift J. In later times 
this art has been much pradlifed in France, England, and p ^ova 
Holland. Many druggitts, inftead of keeping this palle Plantarum 
in a moifte flate with urine, as they ought, fuffer it \.ogenera E/e- 
dry, in order to fave a little dirty work. It then has'''”6"6* 
the appearance of a dark violet-coloured earth, wuth here 
and there fome wdiite fpots in it. 

“ The Dutch (continues our author), who have found 
out better methods than other nations of manufacturing 
many commodities, fo as to render them cheaper, and 
thereby to hurt the trade of their neighbours, are the 
inventors alfo of laemus, a preparation of argol, called 
crfeille en plerre,. which has greatly leflened the ufe of 
that en pate, as it is more ealily tranfported and pre- 
ferved, and Alter for ufe ; and as it is beAdes, if not 
cheaper, at leall not dearer. This art conufts, un- 
doubtedly, in mixing with that commodity fome lefs 
valuable fubllance, which either improves or does not 
much impair its quality, and which, at the fame time, 
increafes its weight (a). Thus do they pound cinnabar 
and fmalt flner than other nations, and yet fell both 
thefe articles cheaper. Thus do they Aft cochineal, and* 
fell it cheaper than what is unAfted. 

“ It was for a long time believed, that the Dutch 
prepared their laemus from thofe linen rags which in 
the fouth of France are dipped in the juice of the croton 
tinilorium ; but at prefent, it is almoll certainly known, 
that orfeille en pate is the principal ingredient in orfeiile 

en. 

(a) As dry laemus is much cheaper than moift, it may be readily fuppofed that it.is adulterated with fand 
and other fubltances. Valenfini HiJtoriafimpUcium. Francf. ad Moen. 17lb. fob p. 1.52. 
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en pierrt that is in lactr-us 5 and for this curious infor- of his paper, he afcertains the proportion which the Limbers 
mation vee are indebted to Ferber. But whence arifes angle of inflexion bears to that of deflexion at equal in- 
the fmell of the laemus, which appears fo like that of cidences, and the proportion which the different jlexibi- 'QCU8' 
the Florentine iris ?” Some of the latter may, perhaps, lilies of the different rays bear to one another, 
be mixed with it ; for our author thinks, that he has LIMBERS, in artillery, a fort of advanced train, 
obferved in it fmall indoffoluble particles, which may joined to the carriage of a cannon on a march. It is 
have been bits of the roots. The addition of this fub- compofed of two (hafts, wide enough to receive a horfe 
(lance can be of no ufe to improve the dye ; but it may between them, called the fillet horfe : thefe (hafts are 
increafe the weight, and give the lack more body ; and joined by two bars of wood, and a bolt of iron at one 
perhaps it may be employed to render imperceptible end, and mounted on a pair of rather fmall wheels, 
fome unpleafant fmell, for which purpofe the roots of Upon the axle-tree rifes a ftrong iron fpike, which is 
that plant are ufed on many other occafions. put into a hole in the hinder part of the train of the 

LIGHT, it has been obferved in the article Che- gun carriage, to draw it by. But when a gun is in ac- 
mistry, n° 3x9. (SuppL), confdls of rays differently tion, the limbers are taken off, and run out behind it. 
flexible. This was eftablifhed by fome well devifed ex- Limited Problem, denotes a problem that has but 
periments made by Henry Brougham, Efq; of which one folution, or fome determinate number of folutions ; 
it may be proper to give an account here. as to deferibe a circle through three given points that 

In the firft experiment, he darkened his chamber in do not lie in a right line, which is limited to one folu- 
the ufual way, and let a beam of the fun’s light into it tion only ; to divide a parallelogram into two equal 
through the hole of a metal plate fixed in the (butter of parts by a line parallel to one fide, which admits of two 
the window, ^‘oth of an inch in diameter. At the hole folutions, according as the line is parallel to the length 
within the room he placed a prifm of glafs, of which or breadth of the parallelogram ; or to divide a triangle 
the refradling angle was 45 degrees, and which was in any ratio by a line parallel to one fide, which is lirr.it- 
every where covered with black paper, except a fmall ed to three folutiens, as the line may be parallel to any 
part on each fide ; and through this part the light was of tire three (ides. 
refrafted fo as to form a diftimft fpeftrum on a chart at LOCAL Problem, is one that is capable of an in- 
fix feet diftance from the window. In the rays, at two finite number of different folutions ; becaufe the point, 
feet from the prifm, he placed a black unpolilhed pin, which is to folve the problem, may be indifferently taken 
of which the diameter w-as of an inch, parallel to within a certain extent ; as fuppofe any where in Inch 
the chart, and in a vertical pofition. The (hadow of a line, within fuch a plane figure, &c. which is called a 
the pin was found in the fpedtrum ; and this (hadow geometrical LjOcus. 
had a confiderable penumbra, which was broadeft and A local problem is fmple, when the point fought is 
mod dittintt in the violet part, narrowed and mod con- in a right line ; plane, when the point fought is in the 
fufed in the red, and of an intermediate thicknefs and circumference of a circle ; folid, when it is in the cir- 
didinftnefs in the intermediate colours. The penumbra cumference of a conic fedlion ; or furfolid, when the 
was bounded by curvilinear (ides, convex towards the point is in the perimeter of a line of a higher kind, 
axis to which they approached as to an afymptote, fo LOCI, the plural of 
us to be neared to it in the place of the lead refrangi- LOCUS, a line by which a local or indeterminate pro- 
ble rays. By moving the prifm on its axis, and caufing blem is folved ; or a line of which any point may equal- 
the colours to afeend and defeend on any bodies that ly (olve an indeterminate problem. See Algebra, 
were ufed indead of the pin, the red, wherever they Encycl. 
fell, made the lead, and the violet the greated, (hadow. LOGISTIC Curve, the fame with Logarithmic 

In the next experiment, a fereen was fubdituted in Curve, for which fee Encycl. 
the place of the pin ; and this fereen had a large hole, LOGISTICS, or Logistical Arithmetic, a name 
on which was a brafs plate, pierced with a fmall hole fometimes employed for the arithmetic of fexagefimal 
^hd of an inch in diameter. While an affiilant moved fractions, ufed in adronomical computations, 
the prifm (lowly on its axis, the author obferved the The fame term has been ufed for the rules of compu- 
round image made by the different rays palling through tations in algebra, and in other ("pecies of arithmetic : 
the hole to the chart ; that made by the red was great- witnefs the logidics ofVietaand other writers, 
ed, that of the violet lead, and that of each interme- Shakerly, in his Tabula Britannica, has a table of lo- 
diate ray was of an intermediate iize. When the (harp garithtns adapted to fexagefimal fractions, and which he 
blade of a knife was held at the back of the hole, “ fo calls Logidical Logarithms ; and the expeditious arith- 
as to produce the fringes mentioned by Grimaldo and metic, obtained by means of them, he calls Logidical 
Newton, thefe fringes in the red were broaded and Arithmetic. 
moll moved inwards to the (hadow, and mod dilated Libya-v LOTUS has been deferibed fiiKryc/.,) under 
when the knife wus moved over the hole ; and the hole the title Rhamnus ; but the following additional par- 
itfelf on the chart was more dilated during the motion ticulars from Mr Park will be acceptable to our botani- 
when illuminated by the red than when illuminated by cal readers: 
any other of the rays, and lead of all when illuminated The lotus is very common in all the countries which 
by the violet.” our author viiited, and he had an opportunity to make 

From tbefe two experiments, the author infers “ that a drawing of a branch in flower, of which an engraving 
the rays of the fun’s light differ in degree of flexibility, is publiflied in his travels, that with his permiflion we 
and that thofe which are lead refrangible are mof infexi- have copied (fee Plate XXX.). The lotus produces 
lie.” From other experiments he concludes, that the fruit which the negroes call tomberongs. Thefe are 
tnojl inflexible rays are alfo mojl def exilic. In the fequel fmall farinaceous berries, of a yellow colour and deli- 

cious 
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Lotus cioua tafte. They are much efteemed by the natives, 

| lj who convert them into a fort of bread, by expofing Luciole. tjiem for fome Jays to the fun, and afterwards pound- 

ing them gently in a wooden mortar, until the farina- 
ceous part of the berry is feparated from the Hone. 
This meal is then mixed with a little water, and formed 
into cakes ; which, when dried in the fun, refemble in 
colour and flavour the fweeteft gingerbread. The 
ftones are afterwards put into a vefiel of water, and 
fliaken about fo as to feparate the meal which may ftill 
adhere to them : this communicates a fweet and agree- 
able talle to the water, and, with the addition of a little 
pounded millet, forms a pleafant gruel called fondi, 
which is the common breakfaft in many parts of Lada- 
mar, during the months of February and March. The 
fruit is colledted by fpreading a cloth upon the ground, 
and beating the branches with a Hick. Our author 
thinks there can be little doubt of this being the lotus 
mentioned by Pliny, as the food of the Lybian Loto- 
phagi. An army may very well have been fed with 
the bread made of the meal of the fruit, as is faid by 
Pliny to have been done in Lybia ; and as the talle of 
the bread is fweet and agreeable, it is not likely that the 
foldiers would complain of it. 

LOWANG, a Chinefe ifland of fome extent in the 
neighbourhood of the CausAN-Illes, which fee in this 
Supplement. 

LOXODROMTC Curve, or Spiral, is the fame as 
the rhumb line, or path of a flu’p failing always on the 
fame courfe in an oblique diredlion, or making always 
the fame angle with ev'ery meridian. It is a fpecies of 
logarithmic fpiral, defcribed on the furface of the fphere, 
having the meridians for its radii. 

LOXOD ROMICS, the art or method of oblique 
failing, by the loxodromic or rhumb line. 

LUCIOLE, a name given in the Annales de Chimie 
to the Lamptris Italica (See Lampyrjs,. Encycl.). 
According to Dr Carradori, the light of the luciole 
does not depend on the influence of any external caufe, 
but merely on the will of thofe infe&s. While they fly 
about at freedom, their fhining is very regular ; but 
when they are once in our power, they Ihine very irre- 
gularly, or do not Ihine at all. When they are moleft- 
ed, they emit a frequent light, which appears to be a 
mark of their refentment. When placed on their backs, 
they fhine almofl: without interruption, making continu- 
al efforts to turn themfelves from that pofition. In the 
day-time it is neceffary to torment them in order to make 
them fliine ; and thence it follows, that the day to them 
is the feafon of repofe. The luciole emit light at plea- 
fure from every point of their bellies, which proves that 
they can move all the parts of their vifcera independent- 
ly of each other. They can alio render their phofpho- 
refcence more or lefs vivid, and continue it as long as 
they pleafe. 

A flight compreflion deprives the luciole of their 
powmr of ceaflng to fliine. The author is inclined to 
believe, that the movement by which they conceal their 
light is executed by drawing back their phofphoric fub- 
ftance into a particular membrane or tunic. He fuppo- 
fes alfo, that the fparkling confifts in a trembling or 
ofcillation of the phofphoric mafs. He is of opinion, 
that there is no emanation of a phofphoric fubflance, 
and that the whole phenomenon takes place-in the in- 
terior part of the luminous vifcera. When the Ihining 
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is at its greateft degree of height, it is fo ftrortg that a 
perfon may by it eafily diftinguifh the hours on the 
fmallefl watch, and the letters of any type whatever. 

The phofphoric part of the luciole does not extend 
farther than to the extreme rings of the belly. It is 
there enclofed in a covering compofed of two portions 
of membranes, one of which forms the upper, and the 
other the lower, part of the belly, and which are joined 
together. Behind this receptacle is placed the phofpho- 
rus, which refembles a pafte, having the fmell of garlic, 
and very little tafte. The phofphoric matter iffues from 
a fort of bag on the flighteft preffure ; when fqueezed 
out, this matter lofes its fplendour in a few hours, and 
is converted into a white dry fubftance. A portion 
of the phofphoric belly put into oil, fhone only with a 
feeble light, and was foon extinguiflied. In wrater, a 
like portion fhone with the fame vivacity as in the 
air, and for a much longer time. The author thence 
concludes that the phofphorefcence of the luciole is 
not the effedl of flow inflammation, nor of the fixation 
of azotic gas, as the oil in which they fhine does not 
contain a Angle air-bubble : befides,. the phofphorus of 
thefe infedls fhines in a barometrical vacuum. The ob- 
fervation made by Fofter, that the luciole diffufed a 
more vivid light in oxygen gas than in atmofpheric 
air, does not, according to Carradori, depend upon a 
combuftion more animated by the infpiration of this 
gas, but on the animals feeling themfelves, while in 
that gas, in a better condition. “ Whence, then, arifes 
(fays the author) the phofphoric light of the luciole ? 
I am of opinion (adds he), that the light is peculiar* 
and innate in thefe infedts, and feveral other productions 
are peculiar to other animals. As fome animals have 
the faculty of accumulating the eleCtric fluid, and of 
keeping it condenfed in particular organs, to diffufe it 
afterwards at pleafure, there may be other animals en- 
dowed with the faculty of keeping in a condenfed ftate 
the fluid which conftitutes light. It is pofiible, that 
by a peculiar organifation they may have the power of 
extradling the light which enters into the compofition 
of their food, and of tranfmitting it to the refervoir def- 
tined for that purpofe, which they have in their abdo- 
men. It is not even impoflible that they may have the 
powrer to extraCl from the atmofpheric air the luminous 
fluid, as other animals have the power of extracting 
from the fame air, by a chemical procefs, the fluid of 
heat.” 

Carradori difcovercd, that the phofphorefcence of the 
luciole is a property independent of the life of thefe 
animals, and that it is chiefly owing to the foft ftate of 
the phofphoric fubftance. Its light is fufpended by 
drying, and it is again revived by foftening it in water ; 
but only after a certain time of deficcation. Reaumur, 
Beccaria, and Spallanzani, obferved the fame thing in 
regard to the pholades and the medufa. 

By plunging the luciole alternately into lukewarm 
and cold water, they fhine with vivacity in the former, 
but their light becomes extinCl in the latter ; which, 
according to the author, depends on the alternate agree- 
able and difagreeable fenfation which they experience. 
In wrarm w'ater their light difappears gradually. Dr 
Carradori tried on the luciole and their phofphorus the 
aftion of different faline and fpirituous liquors, in which 
they exhibited the fame appearances as other phofpho- 
ric animals. Thefe laft experiments prove that the 

L phofphoric 

Luciole. 
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X^amar. phofplionc matter of the luciole is only foluble in wa- 

11 * ter. 
LUDAMAR, a Moorifh kingdom in the interior of 

Africa, of which the capital Benorm is placed by Ma- 
jor Rennel in 150 N. lat. and 6° 50' W. Long. It 
has for its northern boundary the great defart (fee Sa- 
hara in this Supplement), and is defcribed by Mr Park 
tis little better than a defert itfelf. Our traveller was 
taken captive on the confines of this kingdom, and car- 
ried to the camp of the king, where he was fubjedted 
to the cruelleft indignities that the malice of bigotted 
Moors could invent. He was not fuffered to travel be- 
yond the camp ; though he moved as it moved, and of 
courfe faw a confiderable part of the country, and had 
an opportunity of obferving the manners of the people. 
“ The Moors of Ludamar fubiift chiefly on the flelh of 
their cattle ; and are always on the extreme of either 
gluttony or abftinence. In confequence of the frequent 
and fevere falls which their religion enjoins, and the 
toilfome journeys which they fometimes undertake acrofs 
the defert, they are enabled to bear both hunger and 
third with furprifing fortitude ; but whenever opportu- 
nities occur of fatisfying their appetite, they generally 
devour more at one meal than would ferve an European 
for three. They pay but little attention to agricul- 
ture ; purchafing their corn, cotton cloth, and other 
neceflaries, from the Negroes, in exchange for fat, 
which they dig from the pits in the Great Defert. 

“ The natural barrennefs of the country is fuch, that 
it furnilhes but few materials for manufadture. The 
Moors, however, contrive to weave a ftrong cloth, with 
which they cover their tents ; the thread is fpun by 
their women from the hair of goats : and they prepare 
the hides of their cattle fo as to furnilh faddles, bridles, 
pouches, and other articles of leather. They are like- 
wife fufficiently Ikilful to convert the native iron, which 
they procure from the Negroes, into fpears and knives, 
and alfo into pots for boiling their food ; but their fa- 
bres and other weapons, as well as their fire-arms and 
ammunition, they purchafe from the Europeans, in ex- 
change for the Negro Haves which they obtain in their 
predatory excurfions. Their chief commerce of this 
kind is with the French traders on the Senegal river.” 

The Moors of this country have Angular ideas of fe- 
minine perfection. The gracefulnefs of figure and mo- 
tion, and a countenance enlivened by expreflion, are by 
no means eflential points in their flandard; with them 
corpulence and beauty appear to be terms nearly fy- 
nonymous. A woman, of even moderate pretenfions, 
muft be one who cannot walk without a (lave under 
each arm to fupport her ; and a perfedl beauty is a load 
for a camel. In confequence of this prevalent tafte for 
unwieldinefs of bulk, the Moorifh ladies take great pains 
to acquire it early in life ; and for this purpofe many 
of the young girls are compelled by their mothers to 
devour an immenfe quantity of food, and drink a large 
bowl of camel’s milk every morning. It is of no im- 
portance whether the girl has an appetite or not, the 
meat and the drink muft be fwallowed ; and obedience 
is frequently enforced by blows. This Angular pradlice. 

Lynx. 
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inftead of producing indigeftion and difeafe, foon covers I-udamar 
the young lady with that degree of plumpnels, which, 
in the eye of a Moor, is perfedlion itfelf. 

“ Although the wealth of the Moors confifts chiefly 
in their nnmerous herds of cattle ; yet, as the paftoral 
life does not afford full employment, the majority of 
the people are perfectly idle, and fpend the day in trif- 
ling converfation about their horfes, or in laying fchemes 
of depredation on the Negro villages. 

“ The ufual place of rendezvous for the indolent is 
the king’s tent, whei'e great liberty of fpeech feems to 
be exercifed by the company towards each other. While 
in fpeaking of their chief, they exprefs but one opinion. 
In praife of their fovereign, they are unanimous. Songs 
are compofed in his honour, which the company fre- 
quently fing in concert ; but they are fo loaded with 
grefs adulation, that no man but a Moorifli defpot 
could hear them without blufliing. The king is dif* 
tinguifired by the finenefs of his drefs, which is compo- 
fed of blue cotton cloth brought from Tombuftoo, or 
white linen or muflin from Morrocco. He has likewife- 
a larger tent than any other perfon, with a white cloth 
over it ; but in his ufual intercourfe with his fubjefts, 
all diftindlions of rank are frequently forgotten. He 
fometimes eats out of the fame bowl with his camel- 
driver, and repofes himfelf, during the heat of the day, 
upon the fame bed. 

“ The military ftrength of Ludamar confifts in ca- 
valry. They are well mounted, and appear to be very 
expert in Ikirmifhing and attacking by furprile. Every 
foldier furniflies his own horfe, and finds his accoutre- 
ments, confifting of a large fabre, a double barrelled 
gun, a fmall red leather bag for holding his balls, and a 
powder-horn flung over the fhoulder. He has no pay, 
nor any remuneration but what arifes from plunder. 
This body is not very numerous ; for when Ali the king 
made war upon Bambara, our authgr was informed that 
his whole force did not exceed 2000 cavalry. They 
conftitute, however, by what he could learn, but a very 
fmall proportion of his Moorifli fubjedts. The horfes. 
are very beautiful, and fo highly efteemed, that the. 
Negro princes will fometimes give from twelve to four- 
teen flaves for one horfe.” 

Cut off from all intercourfe with civilized nations, 
and boafting an advantage over the Negroes, by poffef- 
fing, though in a very limited degree, the knowledge 
of letters, the Moors of Ludamar are at once the vain- 
eft and proudeft, and perhaps the moft bigotted, fero- 
cious, and intolerant of all the nations on the earth ; 
combining in their character the blind fuperftition of 
the Negro with the favage cruelty and treachery of 
the Arab. It was with the utmoft difficulty that our 
author made his efcape'from this inhofpitable people. 

LUPUS, the Wolf, a fouthern conftellation, joined 
to the Centaur, containing together 19 ftars in Ptok> 
my’s catalogue, but 24 in the Britannic catalogue. 

LYNX, a conftellation of the northern hemifphere, 
compofed by Hevelius out of the unformed ftars. In 
his catalogue it confifts of 19 ftars, but in the Britan- 
nic 44. 

MACHINERY, 
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MACHINERY. 

THE denomination Machine is now vulgarly given to 
a great variety of fubje&s, which have very little 

Analogy by which they can be claffed with propriety un- 
der any one name. We fay a travelling machine, a ba- 
thing machine, a copying machine, a thrafhing machine, 
an eleftrical machine, &c. &c. The only circumftance 
in which all thefe agree feems to be, that their conftruc- 
tion is more complex and artificial than the utenfils, 
tools, or inftruments which offer themfelves to the firil 
thoughts of uncultivated people. They are more arti- 
ficial than the common cart, the bathing tub, or the flail. 
In the language of ancient Athens and Rome, the 
term was applied to every tool by which hard labour 
of any kind was performed ; but in the language of 
modern Europe, it feems reftri&ed either to fuch tools 
or inftruments as are employed for executing fome phi- 
lofophical purpofe, or of which the conftruftion em- 
ploys the limple mechanical powers in a confpicuous 
manner, in which their operation and energy engage 
the attention. An eleftrical machine, a centrifugal ma- 
chine, are of the firft clafs ; a thrafliing machine, a fire 
machine, are of the other clafs. It is nearly fynony- 
mous, in our language, with engine ; a term altogether 
modern, and in fome meafure honourable, being be- 
llowed only, or chiefly, on contrivances for executing 
work in which ingenuity and mechanical fkill are mani- 
f'eft. Perhaps, indeed, the term engine is limited, by 
careful writers, to machines of confiderable magnitude, 
or at lead of confiderabld art and contrivance. We fay, 
with propriety, fleam-engine, fire-engine, plating en- 
gine, boring engine ; and a dividing machine, a copy- 
ing machine, &c. Either of thefe terms, machine or 
engine, are applied with impropriety to contrivances in 
which fome piece of work is not executed on materials 
which are then faid to be manufadlured. A travelling 
or bathing machine is furely a vulgarifm. A machine or 
engine is therefore a tool ; but of complicated cou- 
iiruftion, peculiarly fitted for expediting labour, or for 
performing it according to certain invariable principles : 
And we Ihould add, that the dependence of its efficacy 
on mechanical principles muft be apparent, and even 
confpicuous. The contrivance and ereftion of fuch 
works conftitute the profefiion of the engineer ; a pro- 
feflion which ought by no means to be confounded with 
that of the mechanic, the artifan, or manufa&urer. It is 
one of the antes liberales ; as deferving of the title as 
medicine, furgery, archite&ure, painting, or fculpture. 
Nay, whether we confider the importance of it to this 
flourilhing nation, or the fcienee that is necefiary for 
giving eminence to the profeffor, it is very doubtful 
whether it Ihould not take place of the three laft named, 
and go pari pajfu with furgery and medicine. The in- 
confiderate reader, who perufes Cicero de Oratore with 
fatisfa&ion, is apt to fmile at Vitruvius, who requires in 
his architeft nearly the fame accompliffiments which Ci- 

cero requires in his orator. He has not recollefte J, or 
perhaps did not know, that the profeflion of an archi- 
tedl in the Auguftan age was the moft refpedlable of all 
thofe which were not eflentially connedted with the ma- 
nagement of ftate affairs. It appears that the archi- 
tedls were all Greeks, or the pupils of Greeks, altoge- 
ther different from the members of the Collegium Mura- 
riorum, the corporation of builders and mafons. The 
architedlure of temples, ftadiums, circufes, amphithea- 
tres, feems to have been mouopolifed, by ftate authori- 
ty, by a fociety which had long fubfifled in Afia, con- 
nedted by certain myfterious bonds, both civil and reli- 
gious. We find it in Syria \ and we learn that it was 
brought thither from Perfia in very ancient times. From 
thence it fpi-ead into Ionia, w'here it became a very emi- 
nent and powerful affociation, under the particular pro- 
tedlion of Bacchus, to whom the members had eredted 
a magnificent temple at Teos, with a vaft eftablifliment 
of priefts and priefteffes, confifting of perfons of the firft 
rank in the ftate. They were the foie builders of 
temples and ftadiums throughout all Greece and the 
Leffer Afia ; and the contradlors for the machinery that 
was employed in the theatres, and in the great temples, 
for the celebration of the high myfteries qf paganifm. 
By the imperfedt accounts which remain of the Eleufi- 
nian and other myfteries, it appears, that this machi- 
nery muft have been immenfe and wonderful, and muft 
have required a great deal of mechanical fkill. This 
indeed appears, in the moft convincing manner, to any 
perfon who refledls on the magnificent ftrudlures which 
they eredled, which excite to this day the wonder of the 
world, not only on account of their magnificence and 
incomparable elegance, but alfo on account of the me- 
chanical knowledge that feems indifpenfably neceffary 
for their eredlion. This will ever remain a myftery. 
There are no traces of fuch knowledge to be found in 
the writings of antiquity. Even Vitruvius, writing ex- 
prefsly on the fubjedt, has given us nothing but what 
is in the loweft degree of elementary knowledge. 

This affociation of the Dionyfiacs undoubtedly kept 
their mechanical fcience a profound fecret from the un- 
initiated, the profane. They were the engineers of an- 
tiquity, and Vitruvius was perhaps not one of the ini- 
tiated. He fpeaks of Myro and other Greek architedls 
in terms of refpedt which border on veneration. Per- 
haps the modern affbciation of free mafons is a remain 
of this ancient fraternity, continued to our times by the 
company of builders, who eredled the cathedrals and 
great conventual churches. No one who confiders their 
works with fcientific attention, can doubt of their being 
deeply ver ed in the principles of mechanics, and even its 
more refined branches. They appear to have carried the 
art of vault-roofing almoft to its acme of perfedlion ; far 
outftripping their Grecian inftrudlors in their knowledge 
of this moft delicate branch of their art. 
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It were greatly to be wifhed that fome fuch inftitu- 

tion did yet exift, where men might be induced by the 
moil powerful motives to accompliih themfelves in the 
knowledge neceffary for attaining eminence in their pro- 
feffion. 

We have been informed (and we thought our autho- 
rity good), that our gracious Sovereign has figuified his 
intention of patronifing an inilitution of this kind. We 
heard, chat it was propofed to inilitute degrees iimilar 
to our univerfity degrees, and proceeding on fimilar 
conditions of a regular education or Handing, which 
Would enfure the opportunities of information, and alfo 
on an examination of the proficiency of the candidate. 
This examination, being condu&ed by perfons eminent 
in the profeffion, perhaps Hill exercifing it, would pro- 
bably be ferious, becaufe the fuccefsful candidate would 
immediately become a rival practitioner. Such an inHi- 
tution would undoubtedly prevent many grofs impofi- 
tions by unlettered mill-wrights and pump-makers, who 
now feldom appear under any name but that of engi- 
neer, although they are frequently ignorant even of the 
elements of mechanical fcience, and are totally unac- 
quainted with the higher mathematics ; without which 
it is abfolutely impoffible for them to contrive a ma- 
chine well fuited to the intended puropofe, or to fay 
with any tolerable precifion what will be the perform- 
ance of the engine they have erefted. Yet thefe are 
queHions fufceptible of accurate folution, becaufe they 
depend on the unalterable laws of matter and motion. 

All who have a juH view of the unfpeakable advan- 
tages which this highly favoured land pofiefies in the 
fuperiority and aftivity of its manufactures, and who 
know how much of this fuperiority Ihould be afcribed 
to the great improvements which have been made in 
practical mechanics within thefe lafi thirty years, will 
join us in wifiiing fuccefs to fome fuch inllitution as 
that now mentioned. 

We were naturally led to thefe reflections when we 
turned our thoughts to machinery in general, and ob- 
ferved what is done in this country by the native ener- 
gy of its inhabitants, unaflifled by fuch fcientific in- 
flruCtions as they might have expeCted from the pupils 
of a Newton, their countryman, under the patronage of 
the beH of Sovereigns, eminently knowing in thefe 
things, and ever ready to encourage thofe fciences and 
arts which have fo highly contributed to the national 
profperity. What might not be reafonably expeCted 
from Britifh aCtivity, if thofe among ourfelves who 
have knowledge and leifure had been at the fame pains 
with the members of the foreign academies to cultivate 
the Newtonian philofophy, and particularly the more 
refined branches of mechanics, and to deduce from their 
fpeculations maxims of confiruCtion fitted to our fitua- 
tion as a great manufacturing nation? But fuch know- 
ledge is not attainable by thofe who are acquainted only 
with the imperfeCt elements contained in the publica- 
tions read by the bulk of our practitioners. Much to 
this purpofe has been done on the continent by the 
mofi eminent mathematicians ; but from want of indi- 
vidual energy, or perhaps of general fecurity and pro- 
tection, the patriotic labours of thofe gentlemen have 
not done the fervice to their country which might have 
been reafonably expeCted. Indeed, their diflertations 
have generally been fo compofed, that only the learned 
could fee their value. They feem addrefled only, or 

chiefly, to fuch ; but it is to thofe authors that our 
countrymen generally have recourfe for information 
concerning every thing in their profefiion that rifes 
above mere elementary knowledge. The books in our 
language which profefs to be fyfiems of mechanics 
rarely go beyond this: they contain only the principles 
of equilibrium. Thefe are abfolutely necefiary for the 
knowledge of machines ; but they are very far indeed 
from giving what may be called a practical knowledge 
of ’working machinery. This is never in a Hate of equi- 
librium. The machine mufl move in order to work. 
There muH be a fuperiority of impelling power, beyond 
what is merely fufficient for balancing the reliHance or 
contrary aCtion of the work to be performed. The 
reader may turn to the article Statics in the Encyclo- 
p&dia Britannic a, and he will there fee fome farther ob- 
fervations on this head. And in the article Mecha- 
nics he will find a pretty ample detail of all the ufual 
doCtrines, and a defcription of a confiderable variety of 
machines or engines, accompanied by fuch obfervations 
as are neceflary for tracing the propagation or tranf- 
miffion of preflure from that part of the machine, to 
which the natural power is applied, to the working 
part of the machine. Along with thefe two articles, 
it will be proper to read with peculiar attention the ar- 
ticle Rotation. 

By far the greateH number of our moH ferviceable 
engines confifi chiefly of parts which have a motion of 
rotation round fixed axes, and derive” all their energy 
from levers virtually contained in them. And thefe 
aCting parts are alfo material, requiring force to move 
them, over and above what is neceflary for producing 
the aCting force at the working part of the machine. 
The modifications which this circumHance frequently 
makes of the whole motions of the machine, are indica- 
ted in the article Rotation in an elementary way; 
and the propofitions there invefiigated will be found 
almoH continually involved in the complete theory of 
the operation of a machine. Lafily, it will be proper 
to confider attentively the propofitions contained in the 
article Strength of Materials, that we may combine 
them with thofe which relate wholly to the working ©f 
the machine ; becaufe it is from this combination only 
that we difcover the drains which are excited at the 
various points of fupport, and of communication, and 
in every member of the machine. We iuppofe all thefe 
things already underltood. j-. 

Our objeCt at prefent is to point out the principles The chief 
which enable us to afcertain what will be the precife queftion in. 
motion of a machine of given conHruCtion, when aCtua-mec^aI)^CSa 

ted by a natural power of known intenfity, applied 
to a given point of the machine, while it is employed 
to overcome a known refinance aCting at another point. 
To abbreviate language, we Hrall call that the impelled 
point of the machine to which the preffure of the mo- 
ving power is immediately applied ; and we may call 
that the working point, where the refiflance ariiing 
from the work to be performed immediately aCts. 

To confider this important fubjeCt, even in its chief 
varieties, requires much more room than can be allowed 
in an undertaking like ours, and therefore we muH con- 
tent ourfelves with a very limited view ; but at the fame 
time, fuch a view as fhall give fufficient indication of the 
principles which fhould direCt the practical reader in 
every important cafe. We fhall confider thofe machines 

which 
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which perform their motions round fixed axes ; thefe 
being by far the moll numerous and important, becaufe 
they involve in their conftrudtion and operations all the 

i leading principles. 
'he proper That we may proceed fecurely, it is necelTary to have 
aeafure of a prec;re and adequate notion of moving force, as ap- 
nechanical to machinery, and of its meafures. We think 

rted. this peculiarly necefiary. Difterent notions have been 
entertained on this fubjeCl by Mr Leibnitz, L)es Cartes, 
and other eminent mechanicians of the lall century ; 
and their fuccefibrs have not yet come to an agreement. 
Nay, fome of the moll eminent practitioners of the pre- 
fent times (for we mull include Mr Sme-aton in the 
number) have given meafures of mechanical power in 
machinery which we think inaccurate, and tending to 
erroneous conclulions and maxims. 
, We take for the meafure (as it is the effea) of ex- 
erted mechanical power the quantity of motion which 
it produces by its uniform exertion during fome given 
time. We fay unrforxn exertion, not becaule this uni- 
formity is neceflary, but only becauie. if any variation 

■of the exertion has taken place, it mull be known, in 
order to judge of the power. This would needlefsly 
complicate the calculations ; but in whatever way the 
exertion may have varied, the whole accumulated exer- 
tion is Hill accurately meafured by the quantity of mo- 
tion exifting at the end of the exertion. Che reader 
mull perceive that this is the fame thing that is expref- 
fed in the article Dynamics of this Supplement, n° 90. 
by the area of the figure whofe abfcifia or axis repre- 
fents the time of exertion ; and the ordinates are as the 
prelfures in the different inllants of that time, the whole 
being multiplied by the number of particles (that is, by 
the quantity of matter), becaufe that figure rcprefents 
the quantity of motion generated in one particle of 
matter only. A.U this is abundantly ciear to peifons 
converfant in thefe difquifitions ; but we wifh to carry 
along with us the dillintl conceptions of that ufelul 
clafs of readers whofe profeffion engages them in the 
conllruiSlion and employment of machines, and to whom 
fuch dilcuffions are not fo familiar. W e mull endea- 
vour therefore to jullify our choice of this meafure by 
appealing to familiar fads. 

If a man, by prefiing uniformly on a mafs of matter 
for five feconds, generates in it the velocity of eight 
feet per fecond, we obtain an exact notion of the pio- 
portion of this exertion to the mechanical exertion of 
gravity, when we fay that the man s exerted force has 
been precifely one-twentieth part of the action of gia- 
vity on it ; for we know that the weight of that body 
(or, more properly, its heavinefs) would, in five feconds, 
have given it the velocity of 160 feet per fecond, by 
acting on it during its fall. But let us attend more 
clofely to what we mean by faying that the exerted 
force is one-twentieth of the exertion of gravity.. The 
only notion we have of the exertion of gravity is what 
we call the weight of the body—the proiTure which we 
feel it make on our hand. U o fay that this is 20 pounds 
weight, does not explain it; becaufe this is only the ac- 
iionof gravity on another piece of matter. Both pref- 
fures are the fame. But if the body weighs 20 pounds, 
it will draw out the rod of a lleelyard to the matk 20. 
The rod is fo divided, that the 20th part of this pref- 
fure will draw it out to 1. Now the fa£l is, that if 
the man preffes on the mafs of 20 pounds weight with 

a fpring fteelyard during five feconds, and if during 
that time the rod of the fteelyard was always at the. 
mark 1, the body will have acquired the velocity oi 
eight feet per fecond. This is an acknowledged fad. 
Therefore we were right in faying, that the man s ex- 
ertion is one-twentieth of the'exertion of gravity. And 
fince we believe the weight of bodies to be pioportional 
to their quantity of matter, all matter being equally 
heavy, we may fay, that the man’s exertion was equal 
to the adlion of gravity on a quantity of matter whofe 
weight is one pound. We exprefs it much more fami- 
liarly, by faying, that the man exerted on it the pref- 
fure of one pound of matter, or the force of one 
pound. 

In this manner, the motion communicated to a mafs 
of matter, by afting on it during fome time, informs » 
us with accuracy of the real mechanical force 01 pref- 
fure which has been exerted. This is judged to be 
double when twice the velocity has been generated in 
the fame mafs, or where the fame velocity has been ge- 
nerated in twice the mafs; becaufe we know, that 
a double preffure would nave done eithei the one or the 
Other. 

But farther : We know that this preffure is the ex- 
ertion ; we have no other notion of our own force ; and 
our notion of gravity, of elafticity, or any other natu- 
ral force, is the fame. We alfo know that the conti- 
nuance of this exertion fatigues and exhauils our ftrength 
as completely as the moft violent motion. A dead pull, 
as it is called, of a horfe, at a poll fixed in the ground, 
is a ufual trial of his ftrength. No man can hold out 
his arm horizontally for much more than a quarter of 
an hour ; and the exertion of the laft minutes gives the 
moft diftreffing fatigue, and difables the {boulder from 
aftion for a confiderable time after. i Ins is therefore 
an expenditure of mechanical power, in the ftv;£l pri- 
mitive fenfe of the word. Of this expenditure we have 
an exaft and adequate effedl and meafure in the quan- 
tity of motion produced ; that is, in the product of the 
quantity of matter by the velocity generated in it by 
this exertion. And it muftbe particularly noticed, that 
this meafure is applicable even to cafes where no motion 
is produced by the exertion ; that is, if we know that 
the exertion which is juft unable to ftart a block o 
Hone lying on a fmooth ftone pavement, hut would ftart 
it, if increafedby the fmalleft addition; and if we know 
that this would generate in a fecond 32 feet of velocity 
in too pounds of matter—we are certain that it was a 
preffiire equal to the weight of this 100 pounds. It is. 
a good meafure, though not immediate, and may be 
ufed without danger of miftake when ■ we have no 
other. . . 3 

The celebrated engineer Mr Smeaton, in his excel-m,. smea- 
lent differtation on the power of water and wind toton’smea- 
drive machinery, and alfo in two other differtations, allure, 
published in the Philofophical Tranfa&ions, and after- 
wards in a little volume, has employed another meafure, 
both of the expenditure of mechanical power, and of 
the mechanical effedl produced. He fays, that the 
weight of a body, multiplied by the height thro’ which 
it defeends, while driving a machine, is the only proper 
meafure of the power expended ; and that the weight, 
multiplied by the height through which it is uniformly 
raifed, is the only proper meafure of the effed produ- 
ced. And he produces a large train of accurate.expe- 

’ rimenta; 
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nmcfits to prove that a certain yeight, defcending 
through a certain fpace, always produces the fame ef- 
fedt, whether it hasdefcended fwiftly or flowly, employ- 
ing little or much time. 

Had this eminent engineer propofed this as a popu- 
lar meafure, of eafy comprehenfion and remembrance, 
and as well accommodated to the ufes of thofe engaged 
in the conllruction of machines, when reftridted to a 
certain clafs of cafes, it might have anfwered very good 
purpofes ; but the author is at pains to recommend it 
to the philofophers as a neceffary corre&ion of their 
theories, which he fays tends to miflead the artifls. His 
own reafonings terminate in the fame conclufion with 
Mr Leibnitz’s, namely, that the power of producing a 
ixiechanical effeft, and the effedl produced, are propor- 
tional to the fquare of the velocity. The difference juft- 
ly due to Mr Smeaton’s authority, and the influence of 
his name among thofe who are likely to make the mod 
ufe of his JnftruCfions, render it neceifary for us to exa- 
mine this matter with fome attention. 

Mr Smeaton was led to the adoption of this meafure 
by his profefftonal habits. Railing a weight to a height 
is, in one fliape or another, the general talk of the ma- 
chines he was employed to eredl ; and we may add, the 
opportunities of expending the mechanical powers of 
nature which are in our command, are generally in this 
proportion. A certain daily fupply of water, coming 
from a certain height, is our bed opportunity, and may 
very properly be faid to be expended. 

4 This being the general cafe, the meafure was obvious, 
Examined.and natural, and good. The power and effedt were of 

the fame kind, and muft be meafures of each other ; at 
lead in thofe circumdances in which they were fet in 
oppofition. Yet even here Mr Smeaton was obliged to 
make a redridtion of his meafures: “ The height thro’ 
which a body Jlowly and equably defeended, or to which 
it was raifed.” And why was this limitation neceffary ? 

^ “ Becaufe in rapid or accelerated motions, the inertia of 
iagc/o bodies occafioned fome variation*.” But this is too 

vague language for philofophical difquifition. Befides, 
what is meant by this variation ? What is the dandard 
from which the unredridled meafure varies ? This dand- 
ard, whatever it is, is the true meafure, and it was need- 
lefs to adopt any other. Now, the dandard from 
which Mr Smeaton edimates the deviation, is the very 
meafure which we wilh to employ, namely, the quantity 
of motion produced. Strictly fpeaking, even this is 
not the immediate meafure. The immediate melrfure is 
that faculty which we call prelfure. This is the inter- 
medium perceivable in all productions of motion ; and 
it is alfo the intermedium of mechanical effedt, even when 
motion is not produced ; as when the weight of a body 
bends a fpring, or the eladicity of a body fupports an- 
other preffure. How it operates in all or any of thefe 
caies, we know not ; but we know that all thefe tnea- 
iures of preffure agree with each other. A double 
quantity of motion will bend a fpring doubly drong, 
will raife a double weight, will withitand any double 
preffure, &c. &c. In fhort, preflure is the immediate 
agent in every mechanical phenomenon. It penetrates 
bodies,, overcoming their tenacity ; it overcomes fric- 
tion;, it balances preffure; it produces motion. Mr 
Smeaton’s meafure is only nearly true, in any cafe, and 
in all cafes it is far from being exadl in the firft inftants 
t>i the motion, during its acceleration or retardation. 

We have already noticed the complete expenditure 
of animal power by continued preffure, even when mo- 
tion is not produced : the only difficulty 'is to conned 
this in a meafurable way with the power which the fame 
exertion has of generating motion in a body. 

When a man fupports a weight for a fingle inffant, 
he certainly balances the preffure or a&ion of gravity on 
that body ; and he continues this a&ion as long as he 
continues to fupport it : and we know that if this body 
were at the end of a horizontal arm turning round a 
vertical axis, the fame effort which the man exerted in 
merely carrying the weight, if now exerted on the bo- 
dy, by pufhing it-horizontally round the axis, will ge- 
nerate in it the fame velocity which gravity would ge- 
nerate by its falling freely. On this authority therefore 
we fay, that the whole accumulated adtion of a man, 
when he has juft carried a body whole weight is 30 
pounds for one minute, is equal to the whole exertion 
of gravity on it during that minute ; and if employed, 
not to counteradl gravity, but to generate motion, 
would generate, during the minute, the fame motion 
that gravity would, that is, 60 X 32 feet velocity per 
fecond, in a mafs of 30 pounds. There would be 
pounds of matter moving with the velocity of 1920 feet 
per fecond. We would exprefs this produdfion or ef- 
fedl by 30 X 1920, or by 57600, as the meafure of the 
man’s exertion during the minute. 

But, according to Mr Smeaton, there is no expendi- 
ture of power, nor any production of mechanical effeCt, 
in thus carrying 30 pounds for a minute ; there is no 
produCt of a weight by a height through which it is 
equably raifed ; yet fuch exertion will completely ex- 
hauit a man’s ftrength if the body be heavy enough. 
Here then is a cafe to which Mr Smeaton’s meafure 
does not readily apply ; and this cafe is important, in- 
cluding all the aCtions of animals at a dead pull. 

But let us confider more narrowly what a man really 
does when he performs what Mr Smeaton allows to be 
the production of a meafurable mechanical effect. Sup- 
pofe this weight of 30 pounds hanging by a cord which 
paffes over a pulley, and that a man, taking this cord 
over his fhoulder, turns his back to the pulley, and walks 
away from it. We know, that a man of ordinary force 
will walk along, railing this weight, at the rate of about 
60 yards in a minute, ora yard every fecond, and that 
he can continue to do this for eight or ten hours from 
day to day ; and that this is all that he can do without 
fatigue. Here are 30 pounds raifed uniformly 180 feet 
in a minute ; and Mr Smeaton would exprefs this by 
30 X 180, or 5400, and would call this the meafure of 
the mechanical effeCI, and alfo of the expenditure of 
power. This is very different from our meafure 57600. 

But this is not an accurate and complete account of 5 
the man’s ablien on the weight, and of the whole effed: Anf| 
produced. To be convinced of this, fuppofe that a^rat

e
e
maC‘ 

man A has been thus employed, while another B, walk- 
ing along tide of him at the fame rate, fuddenly takes 
the rope out of his hand, frees him of the talk, andron- 
tinues to raiie the weight without the fmalleft change on 
its velocity of afeent. What is the aCtion of B', and 
whether is it the fame with that of A or not ? It is ac- 
knowledged by all, that the exertion of B againit the 
load is preciiely equal to 30 pounds. If he holds the 
rope by a Ipnng fteelyard, it will ftand conllantly at 
the mark 30. B exerts the fame aCiion on the load as 

when 
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when he {imply fupports it from falling back into the 
pit. It was moving with the velocity of three feet per 
fecc*l when he took hold of the rope, aud it would 
continue to move with that velocity if any thing could 
annihilate or counteradt its gravity. If therefore there 
was no adtion when a perfon merely carried it, there is 
none at prefent when it is rifmg 180 feet in a minute. 
The man does indeed work more than on that occafion, 
but not againft the load ; his additional work is walk- 
ing, the motion of his own body, as a thing previoufly 
Beceftary that he may continue to fupport the load, 
that he may continue his mechanical effort as it follows 
him. It appears to yield to him : but it is not to his 
efforts that it yields ; its weight completely balances 
thole efforts, and is balanced by them. ^ It was to a 
greater effort of the man A that it yielded. It was 
Jlhen lying on the ground. He pulled at the cord, 
gradually perhaps increafinghis pull till it was juft equal 
to its weight. When this obtains, the load po longer 

'preffes on the ground, but is completely carried by the 
Tope. But it does not move by this effort of 30 pounds ; 
but let him exert a force of 31 pounds, and continue 
this for three feconds. He, will put it in motion ; will 
accelerate that motion ; and at the end of three feconds 
toe load is riling with the velocity of three feet per fe- 
eond. The man feels that this as much fpeed as he 
can continue in his walk ; he therefore flackens his 
pull, reducing his aaion to 30 pounds, and with this 
action he walks on. All this would be diftirxftly per- 
ceived by means of a fteelyard. The rod would be 
pulled out beyond 30, till the load acquired the uni- 
form velocity intended, and after this it would be cb- 
ferved to {brink back to 30. 

More is done therefore than appears by Mr Smea- 
ton’s meafure. Indeed, all that appears in it is the ex- 
ertion neceffary for continuing a motion already produ- 
ced, but which would be immediately extinguifhed by 
a contrary power, which muft therefore be counteraA- 
ed. This meafure will not apply to numberlefs cafes of 
the employment of machines, where there is no fuch op- 
poiing power, and where, notwithftanding, mechanical 
power muft be expended, even according to Mr Smea- 
ton’s meafurement. Such are corn mills, boring mills, 
and many others. 

How then comes it that Mr Smeaton’s^valuable ex- 
periments concur fo exactly in {hewing tnat the fame 
quantity of water defeending from the fame height, al- 
ways produces the fame effeA (as he meafured it), what- 
ever be the velocity ? In the firft place, all his experi- 
ments are cafes where the power expended and the 
work performed are of the fame kind : A heavy body 
defeends, and by its preponderancy raifes another heavy 
body. But even this would not enfure the preene a- 
greement obferved in his experiments, if Mr Smeaton 
were not careful to exclude from his calculations all that 
motion where there is any acceleration, and ah tne ex- 
penditure of water during the acceleration, and to ad- 
mit only thofe motions that are fenfibly uniform. In 
moderate velocities, the additional preffure required for 
the firft acceleration is but an infignificant part of the 
whole ; and to take thefe accelerated motions into the 
account, would have embarrafted the calculations, and 
perhaps confufed many of the readers. We fee, in the 
In fiance now given, that the addition of one ponnd con- 

tinued for three fecofcds only, was all that was necef- 
fary. 

Mr Smeaton’s meafurement is therefore abundantly 
exa& for praAice ; and being accommodated to the cir- 
cumftances moft likely to engage the attention, is very 
proper for the inftruAion of the numerous praAitioners 
in all manufaAuring countries who are employed for 
ordinary ereAions ; but it is improperly propofed as an 
article effential to a juft theory of mechanics, and there- 
fore it was proper to notice it in this place. Befides, 
there frequently occur moft important cafes, in which 
the motion of a machine is, of neceffity, defultory, al- 
ternately accelerated, and retarded. We fhould not de- 
rive all the advantages in our power from the firft mo- 
ver, if w'e did not attend particularly, and chiefly, to 
the accelerating forces. And in every cafe, the improve- 
ment, or the proper employment of the machine, is not 
attained, if we are not able to diferiminate between the 
two parts of the mechanical exertion ; one of them, by 
which the motion is produced and accelerated to a cer- 
tain degree ; and the other, by which that motion is 
continued. ^We muft be able to appreciate what part 
of the effeA belongs to each. But it is now time to 
proceed to the important queftion, 

IVhat ^vill be the precife motion of a machine of given 
conf million, aSuated by a power of known inlenfity and 
manner of ailing, and oppojed by a known refjlance ■ 

In the folution of this queftion, much depends ont:heT ^ ^ 
nature of both power and reiiftance. In the fHtmA be confidera 
confideration of machines, no attention is paid to any ed in a ma- 
differences. The intenfity of the preffures is all that It is chine at - 
neceffary to regard, in order to ftate the proportion Of

wori- 
preffure which will be exerted in the various parts of 
the machine. The preffures at the impelled and work- 
ing points, combined with the proportions of the ma- 
chine, neceffarily determine all the reft. Preffure being 
the foie caufe of all mechanical aAion among bodies, 
any preflure may be fubftituted for another that is equal 
to it ; and the preffure which is moft familiar, or of 
eafieft confideration, may be ufed as the reprefentative 
of all-others. This has occafioned the mechanical wri- 
ters to make life of the preffure of gravity as the^ ftand- 
ard of comparifon, and to reprefent all powers and refift- 
ances by weights. However proper this may be in 
their hands, it has hurt the progrefs of the feience.. 
It has rendered the ufual elementary treatifes of mecha- 
nics very imperfeA, by limiting the experiments and il- 
luftrations to fuch as can be fo reprefented with facility. 
This has limited them to the ftate of equilibrium (m 
which condition a working machine is never found), 

- becaufe illuftrations by experiment out of this ftate are 
neither obvious nor eafy. It has alfo prevented the 
{Indents- of mechanics from accomplifhing themfelves 
with a mathematical knowledge required for a fuccefs- 
ful profecution of the ftudy. 1 he moft elementary 
geometry is fufneient for a thorough underftaudiag of. 
equilibrium, or the doArmes of ftatics ; but true me- 
chanics, the knowledge, of machines as inftruments by 
which work is performed, requires more refined mathe- 
matics, and is inacceffible without it. 

Had not Newton or others improved mathematics 
by the invention of the infim'tefimal analyfis and calcu- 
lus, we muft have refted contented with the difeoveries- 
(really great) of Galileo and Huyghens. But New- 0 ton3. 
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ton, Jua mathefi faccm praferente, opened a boundlefs 
field of inveftigation, and has not only given a magnifi- 
cent and brilliant fpecimen of the difcoveries to be made 
in it, but has alfo traced out the particular paths in 
which we are to find the folution of all queitions of 
practical mechanics. This he has done by fhewing 
another fpecies of equilibrium, indicated, not by the 
ceffation of all motion, but by the uniformity of mo- 
tion ; by the celfation of all acceleration or retardation. 
As the extinction of motion by the aCtion of oppofite 
forces is affumed by us as the indication of the perfeCt 
equality of thofe forces ; fo the extinction of accelera- 
tion fhould be received as the indication of fomething 
equal and oppofite to the force which was known to 
have caufed the acceleration ; and therefore as the indi- 
cation of an equilibrium between oppofite forces, or elie 
of the ceflation of all force. 

This new view of things was the fource of all our 
Mechanical jiftinCt notions of mechanical forces, and gave us our ,cluilibriumonly unexceptionable marks and meafures of them. 

The 39th propolxtion of the firft book of Newton’s 
Principles of Natural Philofophy, and its corollaries, 
contain almoft the whole doCtrine of aCtive mechanical 
nature, and are peculiarly applicable to our prefentpur- 
pofe, becaufe they enable us to comprehend in this me- 
chanical equilibrium (fo different from the Jlatical) every 
circumftance in which thofe preffures which are exerted 
by natural powers differ from each other, and vary in 
their action on the impelled and working points of a 
machine. Indeed, when we recollect that the opera- 
tions of our machines are the fame on board a fhip as 
on {bore, and that all our machines are moving with the 
ground on which they ftand, we muft acknowledge, that 
even ordinary ftatics is only an imperfect view of an 
equilibrium among things which are in motion ; and 
this fhould have taught us that, even in thofe cafes 
where nothing like equilibrium appears, an equilibrium 
may ftill be ufefully traced. 

8 In the llatical confideration of machines, the quantity 
Diftiri(ftions0f preffure is all that we need attend to. But in the 

made in themechanical difcuffion of their operations, we muft attend 
nature of t° their diftin&ions in kind : and it will by no means 
the powers be fufficient to reprefent them all by weights ; for their 
applied fo diftindftion in kind is accompanied by great differences 

machines t*ie^r manner acting on the machine. Some natu- ral powers, in order to continue their adffon on the im- 
pelled point of the machine, muft at the fame time put 
into motion a quantity of matter external to the ma- 
chine, in which thefe powers refide ; and this muft be 
made to follow the impelled point in its motion, and 
not only follow, but continue to prefs it forward ; or, 
this matter, thus continually put into motion, muft be 
fucceffively applied to different points of the machine, 
which become impelled points in their turn. This is 
the cafe with a weight, with the adfion of a ipriug, the ac- 
tion of animals, the action of a Itream of water or wind, 
and many other powers. A part of the natural mecha- 
nical powers muft therefore be employed in producing 
this external motion. This is fometimes a very conii- 
derable part of the whole natural power. In fome 
cafes it is the whole of it. This obtains in the action 
of a defeending weight, lying on the end of a lever and 
preffing it down, or hanging by a cord attached to the 
machine. 

There is alfo an important diftin&ion in the manner 
in w hich this external motion is kept up. In a weight 
employed as the moving power, the actuating pi * hre 
feems to refide in the matter itielf; and all that is ne- 
ceffary for continuing this preffure is merely to con- 
tinue the connexion of it with the machine. But in' 
the adfion of animals it may be very different : A man 
pufhing at a capffan bar, muft firft of all walk as fail as 
the bar moves round, and this requires the expenditure 
of his mufcular force. But this alone will not render his 
aftion an effeftive power: He muft titio prefs forward 
the capftan bar with as much force as he has remaining 
over and above what he expends in walking at that rate. 
The proportion of thefe two expenditures may be very 
different in different circumftances ; and in the judicious 
fele&ion of fuch circumftances as make the firft of thefe 
as inconfiderable as poflible, lies much of the fkill and fa- 
gacity of the engineer. In the common operation of 
thrafhing corn, much more than half of the man’s pow- 
er is expended in giving the neceffary motion to his own 
body, and only the remainder is employed in urging 
forward the fwiple with a momentum fufficient for {ba- 
king off the ripe grains from the llalk. We had fuffi- 
cient proof of this, by taking off the fwiple of the flail, 
and putting the fame weight of lead on the end of the 
ftaff, and then caufing the hind to perform the ufual 
motions of thrafhing with all the rapidity that he could 
continue during the ordinary hours of work. We never 
could find a man who could make three motions in the 
fame time that he could make two in the ufual manner, 
fo as to continue this for half an hour. Hence we muft 
conclude, that half (fome will fay two-thirds) of a 
threfher’s power is expended in merely moving his own 
body. Such modes of animal a£tion will therefore be 
avoided by a judicious engineer; but to be avoided, 
their inconvenience mull be underftood. More of this 
will occur hereafter. In other cafes we are almoft, 
(never wholly) free from this unprofitable expenditure 
of power. Thus, in the {team engine, the operation 
requires that the external air follow the piiton down 
the cylinder, in order to continue its preffure. But 
the force neceffary for fending in this rare fluid into the 
cylinder with the neceffary velocity, is fuch an infigni- 
cant part of the whole force which is at our command, 
that it would be ridiculous affectation in any engineer 
to take it into account ; and this is one great ground of 
preference to this natural power. The fame thing may 
be faid of the a&iori of a ftrong and light fpring, which 
is therefore another very eligible firft mover for ma- 
chinery. The ancient artillerifts had difeovered this, 
and employed it in their warlike engines. 

We muft alfo attend to the nature of the refiftance 
which the work to be performed oppofes to the motion 
of our machine. Sometimes the work oppofes, not a 
fimple obftruftion, but a real refiftance or reaClion, 
which, if applied alone to the machine, would caufe it 
to move the contrary way. This always obtains in 
cafes where a heavy body is to be raifed, where a fpring 
is to be compreffed, and in fome other cafes. Very often, 
however, there is no fuch contrary aftion. A flour 
mill, a faw mill, a boring mill, and many fuch engines, 
exhibit no reaftion of this kind. But although fuch 
machines, when at reft or not impelled by the firft mo- 
ver, fuftain no preffure in the oppofite diredlion, yet 

they 
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they will not acquire any motion whatever, unlefs they 
be impelled by a power of a certain determinate inten- 
fity. Thus in a faw mill, a certain force muft be im- 
preffed on the teeth of the faw, that the cohefion of 
the fibres of the timber may be overcome. This re- 
quires that a certain force, determined by the propor- 
tions of the machine, be imprefled on the impelled 
point. If this, and no more, be applied there, a force 
will be excited at the teeth of the faw, which will la- 
lance the cohefion of the wood, but will not overcome it. 
The machine will continue at reft, arid no work will be 
performed. Any addition of force^at the impelled point, 
will occafion an addition to the force excited in the 
teeth of the faw. The cohefion will be overcome, the 
machine will move, and work will be performed. It is 
only addition to the impelling power that gives mo- 
tion to the machine ; the reft being expended merely in 
balancing the cohefion of the woody fibres. While 
therefore the machine is in motion, performing work, 
we mull confider it as actuated by a force imprefi’ed on 
the impelled point by the natural power, and by ano- 
ther afting at the working point, furnifned by or de- 
rived from the refiftance ot the work. 

Again : It not unfrequently happens, that there is 
not even any fuch refiftance or obftruftion excited at 
the working point of the machine ; the whole refift- 
ance (if we can with propriety give it that name) arifes 
from the neceffity of giving motion to a quantity of 
inert and inactive matter. This happens in yrging 
round a heavy fly, as in the coining jmefs, in the punch- 
ing engine, in drawing a body along a horizontal plane 
without trillion, and a few fimilar cafes. Here the 
fmalleft force whatever, applied at the impelled point, 
will begin motion in the machine ; and the whole force 
fo applied is confumed in this fervice. Such cafes are 
rare, as the ultimate performance of a machine ; but 
occafionally, and for a farther purpofe, they frequently 
occur ; and it is neceflary to confider them, becaufe 
there are many of the moft important applications of 
machinery where a very confiderable part of the force 
is expended in this part of the general talk. 

Such are the chief circumftances of diftinftion among 
the mechanical powers of nature which muft be attend- 
ed to, in order to know the motion and performance of 
a machine. Thefe never occur in the ftatical coniider- 
ation of the machine, but here they are of chief im- 
portance. 

he inertia -^ut farther: The aSion of the moving power is 
the ma transferred to the working point through the parts of 

tine itfelf a machine, which are material, inert, and heavy. Or, 
^coiftider to ^efcr^e more accurately, before the necelfary force 

can be excited at the working point of the machine, the 
various connefting forces muft be exerted in the diffe- 
rent parts of the machine ; and in order that the work- 
ing point may follow out the imprefllon already made, 
all the connecting parts or limbs of the machine mull 
be moved, in different directions, and with different ve- 
locities. Force is neceffary for thus changing the ftate 
of all this matter, and frequently a very confiderable 
force. Time muft alfo elapfe before all this can be ac- 
complifhed. This often confumes, and really waftes, a 
great part of the impelling power. Thus, in a crane 
worked by men walking in a wheel, it acquires motion 
by flow degrees ; becaufe, in order to give fufficient 
room for the aCtion of the number of men or cattle that 
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are neceffary, a very capacious wheel muft be employed, 
containing a great quantity of inert matter. All of 
this muft be put in motion by a very moderate prepon- 
derance of the men. It accelerates (lowly, and the load 
is railed. When it has attained the required height, 
all this matter, now in confiderable motion, muft be 
(topped. This cannot be done in an in ft ant with a 
jolt, which would be very inconvenient, and even hurt- 
ful ; it is therefore brought to reft gradually. This 
alfo confumes time ; nay, the wheel muft get a motion 
in the contrary direction, that the load may be lowered 
into the cart or lighter. This can only be accomplifh- 
ed by degrees. Then the tackle muft be lowered down 
again for another load, which alfo muft be done gra- 
dually. All this waftes a great deal both of time and 
of force, and renders a walking wheel a very improper 
form for the firft mover of a crane, or any machine 
whofe ufe requires fuch frequent changes of motion. 
The fame thing obtains, although in a lower degree, in 
the (team engine, where the great beam and pump rods, 
fometimes weighing very many tons, muft be made to 
acquire a very bride motion in oppofite directions twice 
in every working ftroke. It obtains, in a greater or a 
lefs degree, in all engines which have a reciprocating 
motion in any of their parts. Pump mills are of necef- 
fity fubje&ed to this inconvenience. In the famous en- 
gine at Marly, about °f the whole moving power of 
fome of the water wheels is employed in giving a reci- 
procating motion to a fet of rods and chains, which 
extend from the wheels to a ciftern about three-fourths 
of a mile diftant, where they work a fet of pumps. 
This engine is, by fuch injudicious conftruftion, a mo- 
nument of magnificence, and the ftruggle of ignorance 
with the unchangeable laws of Nature. In machines, 
all the parts of which continue the direction of their 
motions unchanged, the inertia of a great mafs of mat- 
ter does no harm; but, on the contrary, contributes to 
the fteadinefs of the motion, in fpite of fmall inequali- 
ties of power or refiftance, or unavoidable irregularities 
of force in the interior parts. But in all reciprocations, 
it is highly prejudicial to the performance ; and there- 
fore conftruCtions which admit fuch reciprocation with- 
out neceffity, are avoided by all intelligent engineers. 
The mere copying artift, indeed, who derives all his 
knowledge from the common treatifes of mechanics, 
will never fufpeCt fuch imperfedions, becaufe they do 
not occur in the ftatical confideration of machines. jq 

Laftly, no machine can move without a mutual rub-And its 
bing of its parts, at all points of communication ; fuchfn<illon* 
as the teeth of wheelwork, the wipers and lifts, and the 
gudgeons of its different axes. In many machines, the 
ultimate ta(k performed by the working point, is either 
fridtion, or very much refembles it. This is the cafe 
in polifliing mills, grinding mills, nay, in boring mills, 
faw mills, and others. A knowledge of fridtion, in all 
its varieties, feems therefore abfolutely neceffary, even 
for a moderate acquaintance with the principles of ma- 
chinery. This is a very abftrufe fubjedt; and although 
a good deal of attention has been paid to it by fome 
ingenious men, we do not think that a great deal has 
been added to our knowledge of it; nor do the experi- 
ments which have been made feem to us well calculated 
to lead us to a diftindt knowledge of its nature and mo- 
difications. It has been confidered chiefly with a view 
to diminhh it as much aspoffible in the communicating 
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parts of machinery, and to obtain fome general rules 
for afcertaining the quantity of what unavoidably re- 
mains. Mr Amontons, of the Royal Academy of 
Sciences at Paris, gave us, about the beginning of this 
century, the chief information that we have on the fub- 
jeft. He difcovered, that the obftru&ion which it gave 
to motion was very nearly proportional to the force by 
which the rubbing furfaces are preffed together. Thus 
he found, that a fmooth oaken board, laid on another 
fmcaoth board of the fame wood, requires a force nearly 
equal to one third of what preffes the furfaces toge- 
ther. Different fubftances required different propor- 

li tions. 
Meafure of He alfo found, that neither the extent of the rub- 
oi it by A- king furfaces, nor the velocity of the motion, made any 
montons. conflderabie variation on the obftruaion to motion. 

Thefe were curious and unexpe&ed refults. Subfe- 
quent obfervations have made feveral corre&ions necef- 
fary in all thefe propofitions. This fubjed will be 
more particularly confidered in another place ; but fince 
the deviations from Mr Amontons’s rule are not very 
confiderable, at leaft in the cafes which occur in this 
general confideration of machines, we fhall make ufe of 
it in the mean time. It gives us a very eafy method 
of eftimating the effed of fridion on machines. It is a 
certain proportion of the mutual preffure of the rubbing 
furfaces, and therefore mu ft vary in the fame propor- 
tion with this preffure. Now, we learn from the prin- 
ciples of ftatics, that whatever preffures are exerted on 
the impelled and working point of the machine, all the 
preffures on its different parts have the fame conftant 
proportion to thefe, and vary as thefe vary: Therefore 
the whole fridion of the machine varies in the fame pro- 
portion. But farther, fince it is found that the fric- 
tion does not fenfibly change with the velocity, the 
force which is juft fufficient to overcome the fridion, 
and put the loaded machine in motion, muft be very 
nearly the fame with the force expended in overcoming 
the fridion while the machine is moving with any velo- 

■ city whatever, and performing work. Therefore if we 
dedud from the force which juft puts the loaded ma- 
chine in motion that part of it which balances the re- 
adion of the impelled point occafioned by the refiftance 
of the work, or which balances the refiftance of the 
work, the remainder is the part of the impelling power 
which is employed in overcoming the fridion. If in- 
deed the adual refilling preffure of the work varies with 
the velocity of the working point, all the preffures, and 
all the fridions in the different communicating parts of 
the machine, vary in the fame proportion. But the law 
of this variation of working refiftance being known, the 
fridion is again afcertained. 

We can now ftate the dynamical equilibrium of for- 
ces in the working machine in two ways. We may 
either confider the efficient impelling power as dimi- 
nifhed by all that portion which is expended in over- 
coming the fridion, and which only prepares the ma- 
chine for performing work, or we may confider the im- 
pelling power as entire, and the work as increafed by 
the fridion of the machine ; that is, we may fuppofe 
the machine without fridion, and that it is loaded with 
a quantity of additional refiftance ading at the work- 
ing point. Either of thefe methods will give the fame 
refult, and each has its advantages. We took the laft 
method In the flight view which we took of this fubjed 

N E R Y. 
in the Encycl. article Rotation*, no 64. and fhall there, 
fore ufe it here. 

Suppofing now this previous knowledge of all thefe 
variable circumftances which affed the motion of ma- 
chines of the rotative kind, fo that, for any momentary 
pofition of it while performing work, we know what 
are the precife preffures ading at the impelled and 
working points, and the conitrudion of the machine, 
on which depend the fridion, and the momentum of 
its inertia (expreffed in the article Rotation by 

ft r2) ; we are now in a condition to determine its mo- 
tion, or at leaft its momentary acceleration, competent 
to that 'pofition. Therefore, 12 

Let there be a rotative machine, fo conftruded, that Compofi. 
while it is performing work, the velocity of its impelled tion ofthi 
point is to that of its working point as m to n. It isl°rmuj? 
eafy to demonftrate, from the common principles oftheper- 
ftatics, that if a fimple wheel and axle be fubftitutedformance 
for it, having the radius of the wheel to that of the of a ma- 
axle in the fame proportion of m to n, and having the^1*116, 

fame momentum of fridion and inertia, and aduated by 
the fame preffures at the impelled and working points, 
then the velocities of thefe points will be precifely the 
fame as in the given machine. 1 

Let p reprefent the intenfity (which may be meafured 
by pounds weight) of the preffure exerted in the mo- 
ment at the impelled point ; and r exprefs the preffure 
exerted at the working point by the refiftance oppofed 
by the work that is then performing. This may arife 
from the weight of a body to be raifed, from the cohe- 
fion of timber to be fawed, &c. Any of thefe refinan- 
ces may alfo be meaftired by pounds weight; becaufe 
we know that a certain number of pounds hung on the 
faw of a faw mill, will juft overcome this cohefion, or 
overcome it with any degree of fuperiority. Therefore 
the impelling power and the refiftance r, however dif- 
fering in kind, may be compared as mere preffures. 

Let x reprefent the quantity of inert matter which 
muft be urged by the impelling power p, with the fame 
velocity as the impelled point, in order that this pref- 
fure p may really continue to be exerted on that point. 
Thus, if the impelling power is a quantity of water in 
the backet of an overfhot wheel, ading by its weight,, 
this weight cannot impel the wheel except by impelling 
the water. In this way, x may be confidered as repre- 
fenting the inertia of the impelling power, while p re- 
prefents its preffure on the machine. In like manner, 
let y reprefent the quantity of external inert matter 
which is really moved with the velocity of the working 
point in the execution of the talk performed by the 
machine. 

Whatever be the momentum of the inertia of the 
machine, we can always afcertain what quantity of mat- 
ter, attached to the impelled point, or the working 
point of the wheel and axle, will require the fame force 
to give the wheel the fame angular motion ; that is, 
which fhall have the fame momentum of inertia. Let 
the quantity a, attached to the working point, give this 
momentum of inertia a 

Laftly, fuppofing that the wheel and axle have no 
fridion, let /befuch a refiftance, that if applied to the 
working point, it fhall give the fame obftrudion as the 
fridion of the machine, or require the fame force at the 
impelled point to overcome it. 

^ r Thefe 
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Thefe things being thus eftablifhed, the angular ve- 

locity of the wheel and axle, that is, the number of 
turns, or the portion of a turn, which it will make 
in a given time, will be proportional to the fraction 
p^m ^ — gec Rotation, n° 64, &c. 
x m2 a y nz 

Encycl. 
Since the whole turns together, the ‘velocities of the 

different points are as their diftances from the axis, and 
may be exprcffed by multiplying the common angular 
velocity by thefe diftances. Therefore the above for- 
mula, multiplied by m or n, will give the velocity of the 
impelled or of the working point. Therefore, 

' loci'ty of Velocity of impelled point —  [—LZTLI? 
1 impel- 
] point. 
t 15 Velocity of working point =   loci'y of x m2 -f* « 

In order to obtain a clear conception of thefe velo- 
cities, we mull compare them with motions with which 
wre are well acquainted. The proportion being uciver- 
fally true, we may take a cafe wdiere gravity is the foie 
power and refiftance ; where, for example, p and r are 
the weights of the water in the bucket of a wheel, and 
in the tub that is raifed by it. In this cafe, p z= x, and 
r — y. We may alfo, for greater fimplicity, fuppofe 
the machine without inertia and fridtion. The velocity 

p m2 — r rn n 
of p is now —T-r—-r. 

j6 -r pm + rn 
Ij folute Let ^ be the velocity which gravity generates in a 
■ afure of fecontj> Then it will generate the velocity ,§•/ in the 

moment t. Let v be the velocity generated during 
this moment in j!>, connedled as it is with the wheel and 
axle, and with r. This connedtion produces a change 
of condition = gt— v. For, had it fallen freely, it 
would have acquired the velocity g t, whereas it only 
acquires the velocity 1;. In like manner, had r fallen 
freely, it would have acquired the velocity g t. 
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work- 
point. 

inftead of this, it is raifed with the velocity — v. 

But, 

The 

change on it is therefore ~ g t ~ v. Thefe changes 

of mechanical condition arife from their connedlion 
with the corporeal machine. Their prelfures on it bring 
intq adtion its connedling forces, and each of the two 
external forces is in immediate equilibrium with the 
force exerted by the other. The force excited at the 
impelled point, by r adling at the working point, may 
be called the momentum or energy of r. Thefe ener- 
gies are precifely competent to the produdlion of the 
changes which they really produce, and muft therefore 
be conceived as having the fame proportions. They are 
therefore equal and oppofite, by the general laws ob~ 
ferved in all adtions of tangible matter; that is, they 
are fuch as balance each other. Thus, and only thus, 
the remaining motions are what we obferve them to be. 

That is, 6Xf/ — v X m zz rXgt-{~ — vXn 
m 

. . . . 
Or p m gt —p m v zz rngt-\-r — v 

Or pm* g t—pm1 v z: rmngt -f- r 1? v 

Ox p m2 — r mn X g t ~ p m2 r n' X v 
That is, p m2 r n* : p m1 — r m n zz g t : v 

That is, the denominator of the fraQion, exprejjing the ve* 
locity of the impelled point, is to the numerator as the velo- 
city which a heavy body would acquire in the moment t, by 
falling freely, is to the velocity which the impelled point ac- 
quires^ in that moment. The fame thing is true of the 
velocity of the working point. 

1 his reafoning fuffers no change from the more com- 
plicated nature of the general propofition. Here the 
impelling power is ftill p, but the matter to be accelera- 
ted by it at the working point is a + while its re- 
adh'on, diminilhing the impelling power, is only r. Wc 
have only to confider, in this cafe, the velocity with 
which a y would tall freely when impelled, not by 
« -f y, but only by r. The refult would be the fame ; 
g t would ftill be to v as the denominator of the fame 
fradlion to its numerator. 

Thus have we difeovered the momentary acceleration 
of our machine. It is evident, that if the prefluresp 
and r, and the fridtion and inertia of the machine, and 
the external matter, continue the fame, the acceleration 
will continue the fame ; the motion of rotation will be 
uniformly accelerated, and p m2 a y n2 will be to 
pm2 — r -\-f m n as the fpace s, through which a heavy 
body would fall in any given time t, is to the fpace 
through which the impelled point will really have mo- 
ved in the fame time. In like manner, the fpace 
through which the working point moves in the fame 

. . p mn — r f n2 

time is —     
p m2 a -tr y n2 

Thus are the motions of the working machine deter- 
mined. We may illuftrate it by a very fimple example. 
Suppofe a weight p of live pounds, defeending from a 
pulley, and dragging up another weight r of three 
pounds on the other fide. m and n are equal, and 

p — r 
each may be called 1. The formula becomes ^—-— s. p-\- r 

Therefore, in a fecond, the 
1 

— s. 
4 

5 — 3 £ 
5 + 3 °r 8 

weight p will defeend 5th of 16 feet, or 4 feet ; and 
will acquire the velocity of 8 feet per fecond. 

Having obtained a knowledge of the velocity of eve"perform 
ry point of the machine, we can eafily afeertain its per-ance 0f ^ 
formance. This depends on a combination of the quan-machine, 
tity of refiftance that is overcome at the working point, 
and the velocity with which it is overcome. Thus, in 
raifing water, it depends on the quantity (proportional 
to the weight) of water in the bucket or pump, and the 
velocity with which it is lifted up. This will be had 
by multiplying the third formula by r, or by rg t, or 
by r s. Therefore we obtain this exprefiion. 

S<- (IV.) 
Work done =£^=4+^ 

p m2 -ir- a -f-y n2 

Such is the general exprefiion of the momentary per- 
formance of the machine including every circumftance 
which can affedl it. But a variation of thofe circum- 
ftances produces great changes in the refults. Thefe 
muft be diftimftly noticed. 

Cor. 1. It p mrnbt equal to r f r n2, there will 
be no work done, becaufe the numerator of the fradfion 
is annihilated. There is then no unbalanced force, and 
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the natural power Is only able to balance the preffure 
propagated from the working point to the impelled 
point. 

2 In like manner, if « = 0, no work is done altho 
the machine turns round. The working point has no 
motion. For the fame reafon, if m be infinitely great, 
although there is a great prevalence of impelling mo- 
mentum, there will not be any fenfible performance du- 
ring a finite time. For the velocity which p can im- 
prefs is a finite quantity, and the impelled point cannot 
move fafter than x would be moved by it if detached 
from the machine. Now when the infinitely removed 
impelled point is moved through any finite fpace, the 
motion of the working point muft be infinitely lefs, or 
nothing, and no work can be done. 

Remark. We fee that there are too values of n, viz. 

and X ~, which give no performance. Butin r 
all other proportions of m and n fomc work is done. 
Therefore, as we gradually vary7 the proportion of m to 
n, we obtain a feries of values exprefling the perform- 
ance, which muft gradually increafe from nothing, and 
then decreafe to nothing. There muft therefore be fome 
proportion of m to «, depending on the proportion of 
p to r+7, and of * to a +• y, which will give the 
greateft pofiible value of the performance. And, on 
the other hand, if the proportion of m to n be already 
determined by the conftrudion of the machine already 
ere&ed, there muft be fome proportion of /> to r -f-/, 
and of * to a + y, by which the greateft performance 
of the machine may be enfured. It is evident that the 
determination of thefe two proportions is of the utmoft 
importance to the improvement of machines. The well- 
informed reader will pardon us for endeavouring to 
make this appear more forcibly to thofe who are lefs in- 
ftrudfed, by means of fome very Ample examples of the 
firft principle. 

Suppofe that we have a ftream of water affording 
three tons per minute, and that we want to drain a 
pit which receives one ton per minute, and that this 
fs to be done by a wheel and axle ? We wifti to know 
the beft proportion of their diameters m and «. Let 
m be taken =: 6 ; and fuppofe, 

1. That « = 5. 
pmrn — r? 3.6.I-5—I. 

Then 7 -- 5 -   pm r n ^ ^ 
2. Let « be = 6. The formula is = 0,5. 
3. Let n = 7. The formula is = 0,49045. Hence 

we find, that the performance is greater when k is 6 
than when it is either 5 or 7. 

As an example of the fecond principle, fuppofe the 
machine a Ample pulley, and let be 10. 

. 10X3 — 9 21 

1. Let r be = 3. The formula is — 

= 1,6154. 

2. Let r 

2? 61 
   r>=—, = 0,4887 
3.36 + 1.36 133’ 

be — 4. The formula is — 
10X4 —16 

j o 4 ’ 
24 1»7I43* 

Let r be — 5. 

_ 25 
15 . 

done when r is 4 than when it is 5 or 3. 
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It mull therefore be allowed to be one of the moll 

important problems in practical mechanics to determine 
that conftruftion by which a given power Ihall over- 
come a given refiftance with the greateft advantage, and 
the proportion of work which fhould be given to a ma- 
chine already conftrudled fo as to gain a fimilar end. jg 

I. The general determination of the firft queftion has Proportion 
but little difficulty. We muft conlider n as the vari-^ ma- 

able magnitude in the formula ^ ” ■, 
pm' + a+yn- 

which expreffes the work done ; and find its value when 
the formula is a maximum. Taking this method, we 
ffiall find that the formula IV. is a maximum when n is 

^^ (r +/)2 + A* la +1')\ — * (r +/) . 
' P(a+y) 

This expreffion of the performance, in its beft ftate, 
appears pretty complex ; but it becomes much more 
Ample in all the particular applications of it, as the cir- 
cumftances of the cafe occur in practice. 

We have obtained a value of n exprefled in parts of 
m. If we fubftitute this for « in the third formula, we 
obtain the greateft velocity with which the refiftance r, 
connedled with the inertia y, can be overcome by the 
power p, connedled with the inertia x, by the inter- 
vention of a machine, whofe momentum of inertia 

and fridtion are a ri1 and f n. This is — + f 
2 a 

= X 

This expreffes the ve- 

locity of the working point in feet per fecond, and 
therefore the adlual performance of the machine. 

But the proper proportion of m to n, afeertained by 
this procefs, varies exceedingly, according to the nature 
both of the impelling power, and of the work to be per- 
formed by the machine. 

1. It frequently happens that the work exerts no con- 
trary ftrain on the machine, and confifts merely in im- 
pelling a body which refifts only by its inertia. This 
is the cafe in urging round a milftone or a heavy fly ; 
in urging a body along a horizontal plane, &c. In this 
cafe r does not enter into the formula, which now be- 

comes m X >/ • x'P + p'x {a +y)\ — xf' Ifthefn-C. 

p{a+y)  

tionbe infignificant, we may take n — m /^ < 0 v />* fa 4. vV 

/ * z= m /   
v a -4- + y 

P 

P2(a +^)J 

The velocity of the working point is 

In this cafe, it will be found 

The formula is = ^ 
10+5 

1,6666. Here it appears, that more work is 

nearly = /— 
2 x a y 

that the velocity acquired at the end of a given time 
will be nearly in the proportion of the power applied to 
the machine. 

2. On the other hand, and more frequently, the iner- 
tia of the external matter which muft be moved in per- 
forming the work need not be. regarded. Thus, in the 
grinding of grain, fawing of timber, boring of cylin- 
ders, See. th^ quantity of motion communicated to the 
flour, to the faw-duft, &c. is too infignificant to be ta- 
ken into the account. In this cafe, y vanifhes from the 
formula, which becomes extremely Ample when the fric- 
tion and inertia of the machine are inconfiderable. We 

flaali 



93 M A C H 1 

(hall not be far from the truth if we make w to n as 

2 r to or « = ot X —^='r In tllis cafe> veI°' 
2r 4-/ 

P* 
city of the working point is ^ .2 

+I((r+/) + __7J 

But it is rare that machines of this kind have a fmall 
inertia. They are generally very ponderous and power* 
ful ; and the force which is neceffary for generating 
even a very moderate motion in the unloaded machine 
(that is, unloaded with any work), bears a great pro- 
portion to the force neceflary for overcoming the re- 
iiftance oppofed by the work. The formula mull, there- 
fore be ufed in all the terms, becaufe a is joined with y. 
It would have been fimpler in this particular, had a 
been joined with x in the expreffion of the angular ve- 
locity. . 

3. In fome cafes we need not attend to the inertia 01 
the power, as in the iteam engine. In this cafe, if ta- 
ken ftridtly, n appears to have no value, becaufe x is a 
faftor of every term of the numerator. But the ior- 
mula gives this general indication, that the more infig- 
nificant the inertia of the moving power is fuppofed, 
the larger fhould m be in proportion to n ; provided al- 
ways, that the impelling power is not, by its nature, 
greatly diminifhed, by giving fo great a velocity to the 
impelled point. This circumftance will be particularly 
confidered afterwards. 

4. If the inertia of the power and the refiftance be 
proportional to their preffures, as when the impelling 
power is water lying in the buckets of an overfhot wheel, 
and the work is the raifing of water, minerals, or other 
heavy body, adding only by its weight; then p and r 
may be fubftituted for x and y, and the formula expref- 
fing the value of w, when the performance is a maximum, 
becomes   

n-m vV + y>Xr-f/ 
p Ys a r 

If, in this cafe, the inertia and fri&ion of the ma- 
chine may be difregarded,. as may often be done in pul- 
leys, we have   

n — m — + 1 — !• 

If we make m the unit of the radii, and r the unit 
of force, we have 

n — */p 4- 1 — 1, in parts of m — I. 

Or, making p — 1, we have n — ^ 4- 1 — r. 

Thefe very fimple expreffions are of confiderable ufe, 
even in cafes where the inertia of the machine is very 
confiderable, provided that it have no reciprocating mo- 
tions. A fimple wheel and axle, or a train of good 
wheelwork, have very moderate fridlion. The general 
refults, therefore, which even very unlettered readers 
can deduce from thefe iimple formulae,, will give notions 
that are ufeful in the cafes which they cannot fo tho- 
roughly comprehend. Some fer.vice of this kind may 
be derived from the following little table of the belt 
proportions of m to correfponding to the proportions 
of the power furnilhed to the engineer, and the refift- 
ance which muft be overcome by it.. The quantity r is 
always = 10, and wi = l* 

N E R Y. 

P 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

n 
0,0488 
0,0954 
0,1402 
0*1832 
0,2246 
0,2649 
°>3°38 
0,3416 
°>3784 
0,4142 

P 
1 o 
20 
3° 
40 
5° 
60 
70 
80 
90 

100 

N 
0,4 [42 
0,7321 
1, 
1,2362 
1 >449.5 
i>6457 
1,8284 
2, 
2,1623 
2,3166 

This muft fuffice for a very general view of the firft 
problem. 

II. The next queftion is not lefs momentous, name-Bell pro- 
ly, to determine for a machine of a givert conftrudtionportion of 
that proportion of the refiftance at the working point 
to the impelling power which will enfure the greateft 
performance of the machine ; that is, the proportion of 
m to n being given, to find the belt proportion of p to r. 

This is a much more complicated problem than the 
other ; for here we have to attend to the variations 
both of the preffuresand r, and alfo of the external 
matters x and yy which are generally conne&ed with 
them. It will not be fufiicient therefore to treat the 
queftion by the ufual fluxionary procefs for determining 
the maximum, in which r is confidered as the only va- 
rying quantity. We muft, in this curfory difcufiion, 
reft fatisfied with a comprehenfion of the circumftances 
which moft generally prevail in praftice. 

It muft either happen, that when r changes, there is 
no change (that is,, of moment) in the mafs of external 
matter which muft be moved in performing the work, 
or that there is alfo a change in this circumftance. If 
no change happens, the denominator of the fourth for- 
mula, expreffing the performance, remains the fame ;. 
and then the formula attains a maximum when the nu- 
merator p r m n — r + / r «2 is a maximum. Alfo, we 
may include / without complicating the procefs, by 
the confideration, that / is always in nearly the fame 
ratio to rand therefore r 4-/may be confidered as a 
certain multiple of r, fuch as ^ r. We may therefore 
omit f in the fluxionary equations for obtaining the 
maximum, and then, in computing the performance, di- 
vide the whole by b. Thus if the whole fri&ion be 

2 f 
V5th of the refifting prefiure r, we have r 4-/= — 

of r, and £ = —. Having afcertained the beft value 
20 

for r, we put this in its place in the fourth formula, and 

take — of this for the performance. This will never 
21 

differ much from the truth. 
pm n 

This procefs gives us p m n =. 2 ri1 r, and r =r 77-^r,, 

= PJILand if we farther Amplify the procefs, by ma- 
2« 1 

king/* =r 1, and m — 1, we have r = —;amoft fim- 

ple exprefilon, dire&ing us to make the refiftance one 
half of what would balance the impelling power by the 
intervention of the machine. 

This 
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Th Is will evidently apply to many very Important 

cafes, namely, to all thufe in which the matter put in 
motion by the working point is but trifling. 

But it a}fo happens in many important cafes, that the 
change is at leatt equally confiderable in the inertia of 
the work. In this cafe it is very difficult to obtain a 
general folution. But we can hardly imagine fuch a 
change, without fuppofing that the inertia of the work 
varies in the fame proportion as the preffure excited by 
it at the working point of the machine ; for fince r 
continues the fame in kind, it can rarely change but by 
a proportional change of the matter w-ith which it is 
conne&ed. Yet fome very important cafes occur uffiere 
this does not happen. Such is a machine wditch forces 
water along a long main pipe. The refillance to motion 
and the quantity of water do not follow nearly the fame 
ratio. But in the cafes in which this ratio is obferved, 
we may reprefent y by any multiple £ r of /*, which the 
cafe in hand gives us ; b being a number, integer, or 
fraftional. In the farther treatment of this cafe, w'e 
think it more convenient to free r from all other com- 
binations; and inftead of fuppofing the force/(which 
we made equivalent with the fri&ion of the machine) 
to be applied at the working point, we may apply it at 
the impelled point, making the effedlive power q-p—f. 
For the fame reafons, inftead of making the momentum 
of the machine’s inertia =: we may make it am*, 
and make a x zr z. Now, fuppofing q, or p —/, 
= i> and alfo m = i, our formula expreffing the per- 

f* A   ,-2 
formance becomes    _. This is a maximum when 

z o r n 
Vzx zb n z 

* ^ 
Cor. i. If the inertia of the work is always equal to 

its preflure, as when the work confitts wholly in raffing 
a weight, fuch as drawing water, &c. then b — and 
the formula for the maximum performance becomes 

zn z* — z 
•ti2 

2. If the inertia of the impelling power is alfo the 
fame with its preflure, and if we may negledt the inertia 
and fridtion of the machine, the formula becomes 

n -j- I — i 4*   • _ 

Example. Let the machine be a common pulley, fo 
that the radii m and n are equal, and therefore n — 

Then, r = —~ ^2— \, — 0,4142, &c. 
1 

more than iths of what would balance it. 
Here follows a feries of the beft values of r, corre- 

fponding to different values of n. m and^> are each — t. 
The numbers in the laft column have the fame proportion 
to 1 which r has to the refiftance which will balancep. 

r ~ 1,8885 0,4724 to I 
1,^928 0,4639 
0,8986 0,4493 
0,4142 0.4142 
0,1830 0,3660 
0,1111 °,3333 
0,0772 0,3088 

From vyhat has now been eftablifhed, we fee with fuf- 
ficient evidence the importance of the higher mathema- 
tics to the icience of mechanics. If the velocities of 

ft — s 1 
T 1 -% 
1 
2 
3 
4 

the impelled and working points of an engine are not 
properly adjufted to the preffures, the inertia, and the 
friction of the machine, we do not derive all the advan- 
tages which we might from our fituation. Hence alfo 
we learn the falfity of the maxim which has been re- 
ceived as well founded, that the augmentation of in- 
teiffity of any force, by applying it to the long arm ofGenerat 
a lever, is always fully compenfated by a lofs of time ; err<>- 
or, as it is ufually expreffed, “ what we gain by a ma-n.eousma 

chine in force we lofe in time.” If the proportion ofXim’ 
m to n is well chofen, we fliall find that the work done, 
when it rtfifts by its inertia only, increafes nearly in the 
proportion of the powder employed; whereas, when the 
inertia of the work is but a fmall part of the refiftance, 
it increafes nearly in the duplicate ratio of the power 
employed. 

It was remarked, in the fetting out in the prefent 
problem, that the formulae do not immediately exprefs 
the velocity of any point of the machine, but its mo- 
mentary acceleration. But this is enough for our pur- 
pofe ; becaufe, when the momentary acceleration is a 
maximum, the velocity acquired, and the fpace deferi- 
bed, in any given time, is alfo a maximum. We alfo 
ftiewed how the real velocities, and the fpaces deferibed, 
may be afeertained in known meafures. We may fay 
in general, that if ^ reprefent the preffure of gravity on 

any mafs of matter w, then ~ is to ^—-n as 
^ an? a -f-y n* 

16 feet to the fpaee deferibed in a fecond by the work- 
ing point in a fecond, or as 32 feet per fecond is to the 
velocity acquired in that time. 

A remark now remains to be made, which is of theCauf®°wh 
greateft confequence, and gives an unexpe&ed turn tOmachTn^ 7 

the whole of the preceding dodtrines. It appears, from do not con- 
all that has been laid, that the motion of a machine tiriualiy ai> 

muft be uniformly accelerated, and that any point wiilceleme* 
deferibe fpaces proportional to the fquares of the times; 
for while the preffures, fri&ion, and momentum of iner- 
tia remain the fame, the momentary acceleration muft 
alfo be invariable. But this feems contrary to all expe- 
rience. Such machines as are properly conftrubted, and 
work without jolts, are obferved to quicken their pace 
for a few feconds after ftarting ; but all of them, in a 
very moderate time, acquire a motion that is fenfibly 
uniform. Is our theory erroneous, or what are the cir- 
cumftances which remain to be confidered, in order to 
make it agree with obfervation ? The fcience of machines 
is imperfed, till we have explained the caufes of this 
deviation from the theory of uniform acceleration. 

Thefe caufes are various. 
1. In fome cafes, every increafe of velocity of the r-Increafe 

machine produces an increafe of fridtion in all its com-of fri<aioa* 
municating parts. By thefe means, the accelerating 
force, which is p m ~ r + f n, or p—fm — rn, is di- 
miniflied, and confequently the acceleration is dimi- 
niflied. But it feldom happens that fridfion takes away 
or employs the whole accelerating force. We are not • 
yet well inftrudfed in the nature of fridfion. Moft of 
the kinds of fridlion which obtain in the communica- 
ting parts of machines, are fuch as do not fenfibly in- 
creafe by an increafe of velocity; fome of them really 
diminifli. Yet even the moft accurately conftrudled ma- 
chines, unloaded with work, attain a motion that is fen- 
fibly uniform. If we take off the pallets from a pen- 

dulum 
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dulum clock, and allow it to run down amain, it accele- 
rates for a while, but in a very moderate time it ac- 
quires an uniform motion. So does a common kitchen 
jack. Thefe two machines feem to bid the faireft of 
any for an uniformly accelerated motion ; for their im- 
pelling power a£ts with the utmoft uniformity. 1 here 
is fomething yet unexplained in the nature of fridtion, 
which takes aw'ay fome of this acceleration, 

2.Refift- But the chief caufe of its ceffation in thefe two in- 
»nce of ftances, and others of very rapid motion, is the refiftance 
“r’ of the air. This arifes from the motion which is com- 

municated to the air difplaced by the fwift moving parts 
of the machine. At firft it is very fmall; but it increa- 
fes nearly in the duplicate ratio of the velocity (fee Re- 
sistance of Fluids, Encycl.) T. hus r increafes^conti- 
nually ; and, in a certain ftate of motion, r f n be- 
comes equal to p m. Whenever this, happens, the ac- 
celerating power is at an end. rI he acceleration alfo 
ceafes ; and the machine is in a ftate of dynamical equi- 
librium ; not at reft, but moving uniformly, and per- 
forming work. 

5. Increafe Still, however, this is not one of the general canfes 
ofrdiftance0f the uniform motion attained by working engines. 
Ve7ah" R-ai'e5y is the motion of their parts fo rapid, as to oc- 
known/ cafion any great refiftance from the air. But in the 

moft frequent employments of machines, every increafe 
of velocity is accompanied by an increafe of refiftance 
.from the work performed. rlhis occurs at once to the 
imagination; and few perfons think of inquiring farther 
for a reafon. But there is perhaps no part of mecha- 
nics that is more imperfectly underftood, even in our 
prefent improved ftate of mechanical fcience. In many 
kinds of work, it is very difficult to ftate wrhat increafe 
of labour is required in order to perform the work with 
twice or thrice the fpeed. In grinding corn, for in- 
ftance, we are almoft entirely ignorant of this matter. 
It is very certain, that twice the force is not neceflary 
for making the mill grind twice as faft, nor even for 
making it grind twice as much grain equally well. . It 
is not eafy to bring this operation under mathematical 
treatment; but we have confidered it with fome atten- 
tion, and we imagine that a very great improvement 
may ftill be made in the conftruftion of grift mills, 
founded on the law of variation of the refiftance to the 
operation of grinding, and a fcientific adjuftment of m 
to n, in confequence of our knowledge of this law. We 
may make a fimilar obfervation on many other kinds of 
work performed by machines. In none of thofe works 
where the inertia of the work is inconfiderable, are we 
well acquainted with the real mechanical procefs in per- 
forming it. This is the cafe in fawing mills, boring 
mills, rolling mills, flitting mills, and many others, where 
the work confifts in overcoming the ftrong cohefion of 
a fmall quantity of matter. In fawing timber (which 
is the moft eafily underftood of all thefe operations), i 
the faw move with a double velocity, it is very diiUcult 
to fay how much the aCtual refitting preffure on tlm 
teeth of the faw is increafed. Twice the number of 
fibres are neceflarily torn afunder during the fame time, 
becaufe the fame number are torn by one defeent of the 
faw, and it makes that ftroke in half the ^time. But 
it is very uncertain whether the refiftance is double on 
this account; becaufe if each fibre be fuppofed to have 
the fame tenacity in both cafes, it refills with this tena- 

city only for half the time. The parts of bodies refift 
a fimilar change of condition in different manners ; and 
there is another difference in their refiftance of different 
changes —the refiftance of red hot iron under the roller 
may vary at a very different rate from that of its rrfift- 
ance to the cutting tool. The refiftance of the fpindles 
of a cotton mill, arifing partly from fridtion, partly from 
the inertia of the heaped bobbins, and partly from the 
refiftance of the air, is ftill more complicated, and it 
may be difficult to learn its law. The only cafe in 
which we can judge with fome precifion is, when the 
inertia of matter, or a conftant preffure like that of gra- 
vity, conftitutes the chief refiftance. Thus in a mill 
employed to raife water by a chain of buckets, the re- 
fiftance proceeds from the inertia only of the water. 
The buckets are moving with a certain velocity, and 
the loweil of them takes hold of a quantity of water 
lying at reft in the pit, and drags it into motion with 
its acquired velocity. The force required for genera- 
ting this motion on the quiefeent water muft be double 
or triple, when the velocity that muft be given to it is 
fo. This abforbs the overplus of the impelling power, 
by which that power exceeds what is neceflary,for ba- 
lancing the weight of the water contained in all the 
afeending buckets. This is a certain determinate quan- 
tity which does not change; for in the fame inftant that 
a new bucket of water is forced into motion below, and 
its weight added to that of the afeending buckets, an 
equal bucket is emptied of its water at top. The 
afeending buckets require only to be balanced, and 
they then continue to afeend, with any velocity already 
acquired. While the machine moves flow, the motion 
imprefied on the new bucket of water is not fufficient 
to abforb all the overplus of impelling power. I he 
quantity not abforbed accelerates the machine, and the 
next bucket muft produce more motion in the water 
which it takes up. This confumes more of the over- 
plus. This goes on till no overplus of power is left, 
and the machine accelerates no more. The complete 
performance of the machine now is, that “ a certain 
quantity of water, formerly at reft, is now moving with 
a certain velocity.” Our engineers eonfider it different- 
ly; “ as a certain <weight of water lifted up.” But 
while the machine is thus moving uniformly, it is really 
not doing fo much as before; that is, it is not exerting 
fuch great preffures as before the motion was rendered 
uniform : for at that time there was a preffure at the 
working point equal to the weight of all the water in 
the afeending buckets; and alfo an overplus of preffure, 
by which the whole was accelerated. In the hate ol 
uniform motion, the preffure is no more than juft ba- 
lances the weight of the afeending chain. We fnall 
learn by and bye how the preffures have been diminiffi- 
ing, although the mill has been accelerating ; a thing 
that feems a paradox. 

In this inftance, then, we fee clearly, why a machine 
muft attain a uniform motion. A pumping machine 
gives us the fame opportunity, but in a manner fo dif- 
ferent as to require explanation. The pifton may be 
fuppofed at the very furface of the pit water, and the 
impelling power may be lefs than will fupport a column 
in the pipe as high as can be railed by the preffure of 
the atmofphere. Suppofe the impelling power to be 
the water lying in the buckets of an overfhot wheel. 
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Let this water he laid into the buckets by a very fmall 
itream. It will fill the buckets very flowly ; and as 
this gives them a preponderance, the mill lofes its ba- 
lance, the wheel begins to move, and the pifton to rile, 
and the water to follow it. The water may be deli- 
vered on the wheel drop by drop ; the pillon will rife 
by infenlible degrees, always Handing Hill again as foon 
as the atmofpherie preffure on it jull balances the wa- 
ter on the wheel. The water in the riling pipe is al- 
ways a balance to the preflure of the atmofphere on the 
ciftern ; therefore the preffure of the atmofphere on the 
pifton (which is the r in our formula) is equal to the 
weight of this water. Our pump-makers therefore 
(calling themfelves engineers) fay, that the weight of 
water in the pipe balances the water on the wheel. It 
does not balance it, nor is it raifed by the wheel, but 
by the atmofphere ; but it ferves us at prefent for a 
meafure of the power of the wheel. At laft, all the 
buckets of the wheel are full, and the water is (for ex- 
ample) 25 feet high in the pipe. Now let the ftream 
of water run its full quantity. It will only run over 
from bucket to bucket, and run off at the bottom of the 
wheel; but the mill will not move, and no work will 
be performed. (N. B. We are here excluding all im- 
pulfe or llroke on the buckets, and fuppofing the wa- 
ter to aft only by its weight.) But now let all be 
emptied again, and let the w^ater be delivered on the 
wheel in its full quantity as at the firft. The wheel will 
immediately acquire a preponderancy, which will greatly 
exceed the firft; fmall preffure of the atmofphere on the 
pillon. It will therefore accelerate the pifton, overco- 
ming the preffure of the air with great velocity. The 
'pifton rifes fail ; the water follows it, by the preffure 
of the atmofphere ; and when it attains the former ut- 
moft height, it attains it with a conliderable velocity. 
If allowed to run off there, it will continue to run off 
with that velocity ; becaufe there is the fame quantity 
of water preffing round the wheel as before, and there- 
fore enough to balance the preffure of the atmofphere 
on the pifton. The preffure of the fame atmofphere on 
the water in the ciftern, raifed the water in the pipe 
with this velocity ; therefore it will continue to do fo, 
and the mill will deliver- water by the pump with this 
velocity, although there is no more preffure afting on 
it than before, when the water ran to wafte, doing no 
work whatever. 

This mode of aftion is extremely different from the 
former example. The mill is not afting again ft the 
inertia j of the water to be moved, but againft the pref- 
fure r of the atmofphere on the pifton. The preffure 
of the fame atmofphere on the ciftern is employed againft 
the inertia of the water in the pipe ; and the ufe of the 
mill is to give occafton, by railing the pifton, to the ex- 
ertion of this atmofpherical preffure, which is the real 
raifer of the water. The maxim of conflruftion, and 
the proper adjuftment of m to n in this cafe, are diffe- 
rent from the former ; and we fhould run the rifle of ma- 
king an imperfeft engine were we to confound them. 

We mull mention another cafe of a pumping mill, 
feemingly the fame with this, but effentially different. 
Suppofe the pipe of this pump to reach 30 feet below 
the furface of the pit water, and that the pifton is at 
the very bottom of it. Suppofe alfo, that the "wheel 
buckets, v/iien filled with water, only enable it to fup- 

port 25 feet of water in the rifing pipe. Let the wa« 
ter be delivered into the wheel drop by drop. The 
wheel will gradually preponderate ; the pifton will gra- 
dually rife, lifting the water above it, fuftaining a pref- 
fure of water which gradually increafes. At laft, the 
water in the pump is 25 feet higher than that in the 
ciftern ; the wheel is full and running to wafte ; but 
no work is performed. Let all be emptied, and now 
let the water come to the wheel in its full llream, but 
without impulfe. The pifton will lift the water brifk- 
ly, bring it to 25 feet high with a confiderable velocity, 
and the mill will now raife it with this velocity. In 
this example the mill is the immediate agent in railing 
the water; but, in this cafe alfo, its ultimate office is 
not overcoming inertia, but overcoming preflure. It 
was the overplus of power only that was employed in 
overcoming inertia, while accelerating the water in the 
rifing pipe, in order to give it the neceffary velocity for 
a continued difeharge. 

Thefe and fimilar examples fhew the great difference 
between the ftatical and dynamical equilibrium of ma- 
chines, and the neceffity of a fcientific attention by all 
w'ho wifh to improve praftical mechanics. Without this, 
and even a pretty refined attention, we cannot fee the 
conneftion between a copious fupply of water to the 
bucket w’heel and a plentiful difeharge by the pump. 
We believe, that the greateft part of thofe employed in 
erefting machines conceive it as owing to the greater 
weight of water impelling the wheel with greater 
force ; but we fee that there is no difference in the pref- 
fures on the mill at reft, and the mill doing its work 
fteadily and uniformly, with any velocity, however great- 
Without keeping the notions of that part of the im- 
pelling power which fupports diftinft from that of the 
part which accelerates, we ffiall never have a clear con- 
ception of the operation of machines, or of mechanical 
power in general. We cannot derive all the advanta- 
ges of our natural powers, without knowing how our 
machine employs the preffure excited by it at the work- 
ing point ; that is, without perceiving in what cafes it 
is oppofed to inertia, and in what to the mechanical 
properties of tangible matter. This only can inform 
us at what rate the refiftance varies by a change of ve- 
locity; and when it happens that this augmentation, ne- 
ceffarily accompanied by an augmentation of all the 
friftions, and the refiftance of the air, is in equilibrio 
with the whole of the impelling power, and all accele- 
ration is at an end. 

Laftly, another chief caufe of the finally uniform mo-Thc chief 
tion of machines is, that, in moft cafes, an increafe of * 
velocity produces a real diminution of impelling power. nut;0nnof" 
We hardly know any exception to this befides the em-power, 
ployment of one defeending weight as a power or firft 
mover. Moft of the powers which we employ refi.de in 
bodies external to the machine ; and thefe bodies nrmft 
be put in motion, and continued in that motion, in or- 
der to continue their preffure on the impelled point. 
Frequently a great part of the power is employed in gi- 
ving this neceffary motion to the external matter, and 
the remainder only is employed in preffing forward the 
machine. We mentioned a remarkable inftance of this 
in the operation of thrafhing. Now, the power thus 
employed muft increafe in proportion to the motion re- 
quired; that is, in proportion to the velocity of the im- 

pelled 
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pelled point ; what remains, urging forward the ma- 
chine, is therefore diminiihed. The acceleration is 
therefore diminiihed, and may ceafe. At lafl the ac- 
tual prelfure is fo much diminiihed, that it is no more 
than what is neceffary for overcoming the increafed re- 
iitlance of the work, the increafed fri£lion. The ma- 
chine' therefore accelerates no more, but moves uni- 
formly. 

This caufe This caufe of the diminution of power by an increafe 
very gene- Qf velocity, obtains in all cafes where the ftrength of 
ri*‘ animals, of fprings, the force of fired gunpowder, See. 

•is exerted. In fome cafes, the vifible etfed. is not very 
confiderable ; as in the employment of a ftrong fpring, 
the force of gunpowder, and a few others. In the ac- 
tion of animals, this defalcation of power is very great 
when the velocity is confiderable. Nay, even in the 
aftion of gravity, although it acts as ftrongly on a bo- 
dy in rapid motion as on one at veil, yet when gravity 
is not the immediate agent, but acts by the intervention 
of a body in which it refides, the necefiity of previoully 
moving this body frequently ditninilhe . the acceleration 
which it would otherwife produce. Thus, in an over- 
fhot wheel, if the water be delivered into the bucket 
with a velocity (ellimated in the direction of the part 
of the wheel, into which it is delivered) lefs than that of 
the rim of the wheel, it mud retard the motion ; for it 
mud be immediately dragged into that motion ; that is, 
part of the accelerating overplus, already adding on the 
wheel, mud be employed in accelerating this new buck- 
et of water, and this mud leffen the general acceleration 
of the machine. Hence we learn, that the water mud 
be delivered on the wheel with a velocity that is at lead 
not lefs than that of the wheel’s motion. 

It obtains The cafe in which we fee this diminution of power 
in all ma- on machines mod didindlly is, when winter or wind, 
chines ac- aiding by impulfe alone, is our moving power. Since 

liupufiion mutual impulfes of bodies depend entirely on. their ’ relative motions (fee Impulsion, Suppl.), it follows, 
that when the velocity of the impelled point is aug- 
mented, the impulfion, or effetdive preffure, mud be 
diminilhed. Nay, this velocity may be fo increafed, 
that there fhall be no relative motion, and therefore no 
impullion. If the floats of an nnderfliot wheel be mo- 
ving with the velocity of the dream, they remain con- 
joined in their progrefs, but without any mutual ac- 
tion. Therefore, when an underfhot wheel is fet into 
a running water, the fird impulfions are llrong, and ac- 
celerate the wrheel. This diminiihes the next impulfion 
and acceleration : but the wheel is dill impelled and 
accelerated ; lefs and lefs in every fucceeding moment, 
as it moves fader ; by and bye, the acceleration be- 
comes infenfible, and the wheel appeal's to attain a mo- 

n which is perfectly uniform. This requires a very 
long-time, or rather it is never attained, and we only 
cannot difeern the very fmall additions wliich are dill 
made to the velocity. All this happens generally af- 
ter a very moderate time, by reafon of various other 
obdruftipns. 

Orbythe Animal adtion is fubjedt to the fame variation. We 
force of ani-know, that there is a certain rate at which a horfe can 
r,1alS• run, ex handing or employing his whole drength. If 

he be made to drag any the fmalled load after him, he 
mud employ part of his force on it, and his fpeed will 
be checked. The more he is loaded with a draught, 
the flower he will run, dill employing all his drength. 
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The draught may be ihcreafed till he is reduced to a 
trot, to a walk, nay, till he is urrable to draw it. Now, 
jud inverting this procefs, we fee, that there is a certain 
drain which will fufficiently tire the horfe without dir- 
ring from the fpot, but which he could continue to ex- 
ert for hours. This is greater than the load that he 
can jud crawl along with, employing his drength as 
much as Would be prudent to continue from dav to 
day. And, in like manner, every lefier draught has a 
correfponding rate at which the horfe, employing his 
w'hole working ftrength, can continue to draw at du- 
ring the working hours of a day. At fetting out, he 
pulls harder, and accelerates it. Following his pul), he 
walks fader, and therefore pulls lefs (fcecaufe we are 
dill fuppofing him to employ his whole working 
drength). At lad he attains that fpeed which occu- 
pies his whole drength in merely continuing the pull. 
Other animals aft in a fimilar manner ; and it becomes 
a general rule, that the preflfure a&ually exerted on the 
impelled point of a machine diminifhes as its velocitv 
increafes. 

From the concurrence of fo many fafts, we perceive vVe mud 
that we mud be careful to didinguifh between the quan-diftinguifli 
tity of power expended, and the quantity that is ufe-betweeu 

fully employed, which mult be meafured folely by the^e
e^^r 

preffure exerted on the machine. When a weight ofa^dThe " 
five pounds is employed to drag up a weight of three power em- 
paunds by means of a thread over a pulley, it defcends,Ployed> 

with a motion uniformly accelerated, four feet in the 
fird fecond. Mr Smeaton would call this an expendi- 
ture of a mechanical power 20. The weight three 
pounds is raifed four feet. Mr Smeaton would call 
this a mechanical effect 12. Therefore the effect pro- 
duced is not adequate to the power expended. But 
the faid is, that the preffure, drain, or mechanical power 
really exerted in this experiment, is neither five nor three 
pounds; the five pound weight would have fallen i5 
feet, but it falls only 4. A force has therefore afted 
on it fufficient to make it deferibe 12 feet in a fecond, 
with a uniformly accelerated motion; for it has coun- 
terafted fo much of its weight. The thread was drain- 
ed with a force equal to 3^ pounds, or jths of 5 pounds'. 
In like manner, the three pound weight would have 
fallen 16 feet ; but it was raifed 4 feet. Here was a 
change precifely equal to the other. A force of H 
pounds, ading on a mafs whofe matter is only 3, will, 
in a fecond, caufe it to deferibe 20 feet with a uniform- 
ly accelerated motion. Now, 5X12, and 3 X 2c, give 
the fame prodmd 6d. And thus we fee, that the quan- 
tity of motion extinguiJhed or produced, and not the 
produCd of the weight and height, is the true unequi- 
vocal meafure of mechanical power really expended, or 
the mechanical effe.d really produced ; and that thefe 
two are always equal and oppolite. At the fame time, 
Mr Smeaton’s theorem merits the attention of engi- 
neers ; becaufe it generally meafures the opportunities 
that we have for procuring the exertion of power. In 
fome fenfe Mr Smeaton may fay, that the quantity of 
water multiplied by the height from which it defeends 
in working other machines, is the meafure of the power 
expended ; becaufe we mult raife this quantity to the 
dam again, in order to have the fame ufe of it. It is 
expended, but not employed ; for the water, at leaving 
the wkeel, is ftill able to do fomething. 

It requires but little confideration to be fenfible, that ,, 
N the 
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the preceding account of the ceffation of accelerated 
motion in our principal machines, mult introduce diffe- 
rent maxims of conitrudtion from thofe which were ex- 
prefsly adapted to this acceleration ; or rather, which 
proceeded on the erroneous fuppofition of the conftancy 
of the impelling power and the refiflance. The exa- 
mination of this point has brought into view the funda- 
mental principle of working machines, namely, the per- 
fedt equilibrium which takes place between the impel- 
ling power and the fimultaneous reMance. It may be 
expreffed thus : 

‘The force required for preferring a machine in uniform 
motion, with any velocity whatever, is that which is ne- 
cejfary for balancing the refiflance then actually exerted on 
the working point of the machine. We faw this diitindt- 
ly in the inftance of the two weights adting againfl each 
other by the intervention of a thread over a fixed pul- 
ley. It is equally true of every cafe of adfing machine- 
ry : for if the force at the impelled point be greater 
than what balances the refiftance adting at the fame 
point, it muft accelerate that point, and therefore acce- 
lerate the whole machine ; and if the impelling force 
be lefs than this, the machine mull immediately retard 
in is motion. When the machine has once acquired 
this degree of motion, every' part of it will continue in 
its prefent Hate of motion, if only the two external 
forces are in equilibrio, but not otherwife. But when 
the preffure of the external power on the impelled point 
balances the refiftance oppofed by that point, it is, in 
fadt, maintaining the equilibrium with the external 
power adding at the working point ; for this is the only 
way that external forces can be fet in oppofition to 
each other by the intervention of a body. The exter- 
nal forces are not in immediate equilibrio with each 
other, but each is in equilibrio with the force exerted 
by the point on which it adds. This force exerted by 
the point is a modification of the connedding forces of 
the body, all of which are brought into addion by means 
of the actions of the external forces, and each is accom- 
panied by a force precifely equal and oppofite to it. 
Now, the principles of ftatics teach us the proportions 
of the external preflures which are thus fet in equili- 
brium by the intervention of a body ; and therefore 
teach us what proportion of power and refiftance will 
keep a machine of a given conftruddion in a ftate of uni- 
form motion. 

This propofition appears paradoxical, and contrary 
to common obfervation ; for we find, that, in order to 
make a mill go falter, we muft either diminifh the re- 
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fiftance, or we muft employ more men, or more water*. 
or water moving with greater velocity, &c. But this 
arifes from fome of the caufes already mentioned. Eh 
ther the refiftance of the work is greater when the ma- 
chine is made to move fafter, or the irnpulfion of the 
power is diminilhed, or both thefe changes obtain. 
Friddion and refiftance of air alfo come in for their 
lhare, &c. The addual preffure of a given quantity of 
the external power is diminilhed, and therefore more of 
it muft be employed. When a weight is uniformly 
raided by a machine, the preffure exerted on it by the- 

working point is precifely equal to its weight, what- 
ever be the velocity with which it rifes. But, even in 
this fimpleft cafe, more natural power muft be expend- 
ed in order to raife it fafter; becaufe either more natu- 
ral power muft be employed to accelerate the external 
matter which is to prefs forward the impelled point, or 
the relative motion of the preffing matter will be dimi- 
nilhed. 

It is well known, that, in the employment of the 
mechanic powers, whether in their ftate of greateft fim- 
plicity, or any how combined in a complicated machine, 
if the machine be put in motion, the velocities of the 
extreme points (which we have called the impelled and 
working points) are inverfely proportional to the forces 
which are in equilibrio when applied to thefe points in 
the direddion of their motion. This is an induddive 
propofition, and has beep ufed as the foundation of 
fyftems of mechanics. It is unneceffary to take up time 
in proving what is fo familiarly l^nown ; confequently, 
the produdds of the preffures at thofe points by the ve- 
locities of the motions are equal ; that is, the produdd 
of the prelfure addually exerted at the impelled point of 
a machine working uniformly, multiplied by the velo- 
city of that point, is equal to the produdd of the refift- 
ance addually exerted at the working point, multiplied 
by the velocity of that point, that is, by the velocity 
with which the refiftance is overcome, 

pm vz r n. 
Now, the produdd of the refiftance, by the velocity with 
which it is overcome, is evidently the meafure of the 
performance of the machine, or the work done. The 
produdd of the addual preffure on the impelled point, by 
the velocity of that point, may be called the momen- 
tum of IMPULSE. 

Hence we deduce this propofition 
In all working machines which have acquired a unh principle. 

form motion, the performance of the machine is equal to the Momen- J r ■ f ir ! \ turn ot im- momentum of impulje (a). pulfe and 
Thls the per- 

formance 
of the rea. 
chine are 

*5 
Second 

(a) The truth of this propofition has been long perceived in every particular inftance that happened to engage^ . 
the attention ; but we do not recolledd any mechanician before Mr Euler confidering it as a general truth, expref- 
fing in a few words a mechanical law. This celebrated mathematician undertook, about the year 1735 of 
a general and fyftematic view of machines, in order to found a complete theory immediately conducive to the im- 
provement of praddical ipechanics. In 1743 he publiihed the firft propofitions of this ufeful theory in the 10th 
volume of the Comment. Petropolitani, containing the excellent dynamical theorems of which we have given the 
fubftance. In the 3d volume of the Comment. Novi Petropol. he profecuted the fubjedd a little farther ; and in 
the 8th volume, he entered on what we are now engaged in, and formally announces this fundamental propofi- 
tion, calling thefe two produdds the momentum of impulfe, and the momentum of effefl. It is much to be regretted, 
that this confummate mathematician did not continue thefe ufeful labours ; his ardent mind being carried away 
by more abftrufe fpeculations in all the mold refined departments of mathematics and philofophy. No man in 
Europe could have profecuted the fubjedd with more judgment and fuccefs.—See alfo Mem. Acad. Berliny 1747 
»nd 1752. 
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This is a propofition of the utmoil importance in the 

fcience of machines, and leads to the fundamental ma- 
xim of their conftru£tion. Since the performance of a 
machine is equal to the momentum of impulfe, itjn- 
creafes and diminifhes along with it, and is a maximum 
when the momentum of impulfe is a maximum ; there- 
fore the fundamental maxim in the conftru&ion of a 
machine is to fafhion it in fuch a manner, that the mo- 
mentum of impulfe fliall be a maximum, or that the 
product of the preffure actually exerted on the impelled 
point of the machine by the velocity with which it 
moves may be as great as poffible. Then are we cer- 
tain that the produdf of the refiftance, by the velocity 
of the working point, is as great as poffible, provided 
that we take care that none of the impulfe be needlefsly 
wafted by the way by injudicious communications of 
motion, by fri£tion, by unbalanced loads, and by reci- 
procal motions, which irrecoverably wafte the impelling 
power. This maxim holds good, whether the refift- 
ance remains conitantly the fame, or varies by any law 

a6 whatever. 
important much remains to be done for the improvement 
uderata 0p mechanical fcience before we can avail ourfelves of 

:e|
)raC this maxim, and apply it with fuccefs. The chief thing, 

and to this we ffiould give the moll unremitting atten- 
tion, is, to learn the changes which obtain in the actual 
preffure exerted by thofe natural powers which we can 
command ; the changes of aftual prefl'ure produced by 
a change of the velocity of the impelled point of the 
machine. Thefe depend on the fpecific natures of 
thofe powers, and are different in almoft every different 
cafe. Nothing will more contribute to the improve- 
ment of practical mechanics than a feries of experiments, 
well contrived, and accurately made, for diicovering 
thofe laws of variation, in the cafes of thofe powers 
which are moll frequently employed. Such experi- 
ments, however, would be coftly, beyond the abilities 
of fin individual; therefore, it were greatly to be wiffied 
that public aid were given to fome perfons of fkill in 
the fcience to inftitute a regular train of experiments 
of this kind. An experimental machine might be con- 
ftrudted, to be wrought either by men or by cattle. 
This ffiould be loaded wirh fome kind of work which 
can be very accurately meafured, and the load varied at 
pleafure. When loaded to a certain degree, the men 
or cattle ffiould be made to woikat the rate which they 
can continue from day to day. The number of turns 
made in an hour, multiplied by the load, will give the 
performance correfponding to the velocities; and thus 
will be difcovered the moll advantageous rate of mo- 
tion. The fame machine ffiould alfo be fitted for grind- 
ing, for fawing, boring, &c. and fimilar experiments 
will difcover the relation between the velocities with 
which thefe operations are performed, and the refinan- 
ces which they exert. The laws of friction may be in- 
veftigated by the fame machine. It ffiould alfo be fit- 
ted with a walking wheel, and the trial ffiould be made 
of the Hope and the velocity of walking which gives 
the greateft momentum of impull'e. It is not unreafon- 
able to expert great advantages from fuch a train of ta- 

47 periments. 
futfti- Till this be done, wre muft content ourfelves with 

te ^or eftablilhing the above, in the molt general terms, appli- 
cable to any cafe in which the law of the variation of 
force may hereafter be difcovered. 

INERT. 
There is a certain velocity of the impelled point of a. 

machine which puts an end to the adlion of the moving 
power. Thus, if the floats of an underffiot wheel be 
moving with the velocity of the llream, no impulfe is 
made on them. If the arm ot a gin or capftan be mo- 
ving with that velocity with which a horfe or a man 
can juft move, fo as to continue at that fpeed from day 
to day, employing all his working ftrength, but not 
fatiguing himfelf; in this ftate of motion, the animal 
can exert no preffure on the machine. This may be 
called the extinguishing velocity, and we may ex- 
prefs it by the iymbol e. Let fbe that degree of force 
or preffure which the animal can exert at a dead pull or 
thruft, as it is called. We do not mean the utmoft; 
ftrain of which the animal is capable, but that which it 
can continue unremittingly during the working hours 
of a day, fully employing but not fatiguing itfelf. And 
let be the preffure which it a&irally exerts on the im- 
pelled point of a machine, moving with the velocity m. 
Let e — wz be called the relative velocity, and let 
it be expreffed by v. And let it be fuppofed that it 
has been difcovered, by any means whatever, that the 
adtual preffure varies in the proportion of or 
e — »z?. This fuppofition gives us ^ — f: p, and 

p=fx 
€(i For the machine muft be at reft, in order 

that.the agent may be able to exert the force f on its 
impelled point. But when the machine is at reft, what 
we have named the relative velocity is e, the whole of 
the extinguifliing velocity. 

The momentum of imptilfe is p m, that is —w, or 

jf X~ X £—•u (becaufe m ~ e — t)). Therefore y X 

'D— X e — v muft be made a maximum. But f and 
e11 

are two quantities which fuffer no change. Therefore 
the momentum of impulfe will be a maximum when v1* 
X e — u is a maximum. Now vq Xe — v ~ vq e — ^ 
•v, — vq e — + The fluxion of this is qevq~t 

v — q i vq v. This being fuppofed =: o, we have 
the equation 

i q e 
And q e 

Therefore v : 

— q + i vq 

q \ v 
qe 

y + l 
And mz, which is = e — v, becomes 

q -f i 
Therefore 

we muft order matters fo, that the velocity of the im- 

pelled point of the machine may be =. 

is = f—t and therefore zz f X 
e'l 

? + I ' Now p 

7 + 1 
And p m, 

qq e 

28 

= the momentum of impulfe, and therefore zz the mo- 
mentum of effect, or the performance of the machine, 
when in its beft ftate. 

Thus may the maxim of conftru&ion be faid to be£xamp!e/c 
brought to a ftate of great fimplicity, and of moft eafy underlhot 
recolledtion. A particular cafe of this maxim has been1™1*9 

long known, having been pointed out by Mr Parent. ^t
ia’ 

Since the adtion of bodies depends on their relative ve- 
N 2 locity,^ 
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loclty, the irr.pulfe of fluids mu ft be as the fquare of the 
relative velocity. From which Mr Parent deduced, that 
the moft advantageous velocity of the floats of an un- 
derfliot wheel is one-third of that of the ftream. This 
maxim is evidently included in our general proposition; 
for in this cafe, the index q of that function of the rela- 
tive velocity v, which is proportional to the impulfe, 
is r= 2. Therefore we have the maximum when v zz. 

2 e 
2 I 

, — y e, and m zz y e. e> the extinguishing ve- 

locity, is evidently the velocity of the ftream. Our pro- 
position alfo gives us the precife value of the perform- 
ance. The impulfe of the ftream on the float at reft 
being fuppofed = f, its impulfe on the float moving 

with the velocity y e muft be r= This is the mea- 

fure of the adtual preflure/. This being multiplied by 

m, or by ye, gives —/• Nowf is confidered as equal 

to the weight of a column of water, having the furface 
of the floatboard for its bafe, and the depth of the fluice 
under the furface of the refervoir (or, more accurately, 
the fall required for generating the velocity of the 
ftream) for its height. Hence it has been concluded, 
that the utmoft performance of an underlhot wheel is 

to raife of the water which impels it, to the height 
27 

from which it falls. But this is not found very agree- 
.Not accu- able to obfervation. Friftion, and many imperfeftions 
rate. of execution in the delivery of the water, the direftion 

of its impulfe, &c. may be expe&ed to make a defalca- 
tion from this theoretical performance. But the acftual 
performance, even of mills of acknowledged imperfec- 
tion, confiderably exceeds this, and fometimes is found 
nearly double of this quantity. The truth is, that the 
particular fad! from which Mr Parent firft deduced this 
maxim (namely, the performance of what is called Pa- 
rent’s or Dr Barber’s mill), is, perhaps of all that could 
have been feledled, the leaft calculated for being the 
foundation of a general rule, being of a nature fo ab- 
ftrufe, that the firft mathematicians of Europe are to 
this day doubtful whether they have a juft conception 
of its principles. Mr Smeaton’s experiments drew very 
diftindtly, that the maximum of performance of an un- 
derfnot wheel correfponds to a velocity confiderably 
greater than one-third of the ftream, and approaches 
nearly to one-half; and he affigns fome reafons for this 
which feem well founded. But, independent of this, 
the performance of Mr Smeaton’s model was much 
greater than what correfponds with the velocity by the 
above mentioned ellimation of f. The theory of the 
impulfion of fluids is extremely imperfedf ; and Daniel 
Bernoulli fhews, from very unqueftionable principles, 
that the impulfe of a narrow vein of fluid on an extend- 
ed furface is double of what was generally fuppofed ; 
and his conclufions are abundantly confirmed by the 

7g experiments adduced by him. 
This fub- It is by no means pretended that the maxim of con- 
ftnute is ftru&ion is reduced to the great fimplicity enounced in 

whereT^11 ^ ProP°^on now under confideration. We only fup- 
is not alto- P°fed that a cafe had been obferved wire re the preflure 
gethcr ex- exerted by fome natural agent did follow the propor- 
a<ft. tions of ‘v*. This being admitted, the propofition is 

ftridtly true. But we do not know any fuch cafe; yet 

is the propofition of confiderabte ufe: for we can affirm, 
on the authority of our own cbfervations, that the ac- 
tion both of men and of draught horfes does not deviate 
very far from the proportions of v*. The obfervations 
were made on men and horfes tracking a lighter along a 
canal, and working feveral days together, without ha- 
ving any knowledge of the purpofe of the obfervations. 
The force exerted was firft meafured by the curvature 
and weight of the track rope, and afterwards by a fpring 
fteelyard. This was multiplied by the number of yards 
per hour, and the produft confidered as the momen- 
tum. We found the aftion of men to be very nearly as 
e — mz. The adtion of horfes, loaded fo as not to be 
able to trot, was nearly as e — wzV. 

The pradlitioner can eafily avail himfelf of the ma- 
xim, although the fundtion q fhould never be reduced to 
any algebraic form. He has only to inftitute a train of 
experiments on the natural agent, and feledt that velo- 
city which gives the higheft produdt when multiplied 
by its correfponding preflure. 

When this feledtion has been made, we have two-j-wg° 
ways of giving our working machines the maximum ofthodsofa- 
effedl, having once afcertained the preflure f which our vailing our. 
natural power exerts on the impelled point of the ma-^.ves0^ . . f . . „ , r r this maxim, chine when it is not allowed to move. 

i. When the refiftance arifing from the work, and 
from fridfion, is a given quantity ; as when water is to 
be raifed to a certain height by a piiton of given dimen- 
fions. 

Since the fridlion in all the communicating parts of 
the machine vary in the fame proportion with the pref- 
fure, and fince thefe vary in the fame proportion with 
the rtfiftance, the fum of the refiftance and fridlion may 
be reprefented by hr, b being an abftradl number. Let 
n be the undetermined velocity of the working point ; 
or let wz : « be the proportion of velocities at the im- 
pelled and working points. Then, becaufe the pref- 
fures at thefe points balance each other, in the cafe of 
uniform motion, they are inverfely as the velocities at 
thofe points. Therefore we muft make b r p zz.m \ 

<lq r 
p m l,J __ 9 J and n ~ - 
b r b q x'l br 

—, or m : n zz 

q i1! X b r : q'1/. 
2. On the other hand, when w ; h is already given, 

by the conftrudlion of the machine, but hr is fufcep- 
tible of variation, we mull load the machine with more 
and more work, till we have reduced the velocity of its 

impelled point to —e~—. 
q+X 

In either cafe, the performance is exprefled by what 
„i 

expreflesp m, that is, by f eX — 
yft-i'H-' 

But the ufeful 

performance, which is really the work done, will be had 
by dividing the value now obtained by the number b, 
which exprefles the fum of the refiftance overcome by 
the working point and the fridlion of the machine. 

What has been now delivered contains, we ima-„ ccap;tuH 
gine, the chief principles of the theory of machines, tion. 
and points out the way in which we muft proceed 
in applying them to every cafe. The reader, we 
hope, fees clearly the imperfedlion of a confidera- 

tion 
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tion of machines which proceeds no farther than the 
ttatement of the proportions of the (imultaneous pret- 
fures which are excited in all the parts of the machine 
bv the application of the external forces, which we are 
accnltomed to call the power and the weight. Unlefs 
we take alfo into confideration the immediate effeA of 
mechanical force applied to body, and combine this 
with, all the prelfures which ftatical principles have ena- 
bled us to afcertain, and by this combination be able 
to fav what portion of unbalanced force there is a&ing 
at one and all of the preffing points of the machine, and 
what will be the motion of every part of it in confe- 
quence of this overplus, we have acquired no know- 
ledge that can be of fervice to us. We have been con- 
templating, not a working machine, but a fort of ba- 
lance. But, by reafoning about thefe unbalanced forces 
in the fame fimple manner as about the fall of heavy 
bodies, we were able to difcover the momentary accele- 
rations of every part, and the fenfible motion which it 
would acquire in any affigned time, if all the circum- 
ftances remain the fame. We found that the reiults, 
although deduced from unquellionable principles, were 
quite unlike the obferved motions of moll working ma- 
chines. Proceeding ftiil on the fame principles, we 
confidered this deviation as the indication, and the pre- 
cife meafure, of fomething which we had not yet at- 
tended to, but which the deviation brought into view, 
and enabled us to afcertain with accuracy. Thefe are 
the changes which happen in the exertions of our ac- 
tuatisg powers by the velocity with which we find it 
convenient to make them aft. Thus we learn more of 
the nature of thofe powers ; and we found it necelfary 
to diltinguilh carefully between the apparent magni- 
tude of our aftuating power and its real exertion in do- 
ing our work. This coniideration led us to a funda- 
mental propolltion concerning all working machines 
when they have attained an uniform motion ; namely, 
that the power and refiftance then really exerted on the 
machine precifely balance each other, and that the ma- 
chine is precifely in the condition of a lleelyard loaded 
with its balanced weights, and moved round its axis by 
fome external force diftinft from the power and the 
weight. We found that this force is the previous over- 
plus of impelling power, before the machine had acqui- 
red the uniform motion ; and on this occafion we learn; 
ed to ellimate the effect produced, by the momentum 
(depending on the form of the machine) of the quan- 
tity of motion produced in the whole affemblage of 

31 power, refiftance, and machine. 
Theory of * The theory of machines feemed to be now brought 
machines |53C|C tQ jgg,. fanplicity of equilibrium which we had 

Mte'efpe. was imperfe& a foundation fora theory ; but in 
dally of the availing ourfelves of the maxim founded on tin's ge- 
fuch as re- neral propofition, we faw that the equilibrium is of a 
siprocate. very different kind from a quiefeent equilibrium. It 

neceffarily involves in it the knowledge of the momen- 
tary accelerations and their momenta; without which we 
finould not perceive that one Hate of motion is more ad- 
vantageous than another, becaufe all give us the fame 
proportion of forces in equilibrio. 

But this is not the only life of the previous know- 
ledge of the momentary accelerations of machines ; 
there are many cafes where the machine works in this 
very ftate. Many machines accelerate throughout while 
performing tljeir work ; and their efficacy depends en- 

tirely on the final acceleration. Of this kind is the 
coining prefs, the great forge or tilt mill, and fome 
other capital engines. The lleam engine, and the com- 
mon pump, are neceffarily of this cliffs, although their 
efficacy is not eflimated by their final acceleration. A 
great number of engines have reciprocating motions in 
different fubordinate parts. The theory of all fuch en- 
gines requires for its perfection an accurate knowledge 
of the momentary accelerations ; and we muft uie the 
formulas contained in the fir ft part of this article. ^ 

Still, however, the application of this knowledge has Working 
many difficulties, which make -agood theory of fuch ma-and return- 
chines a much more intricate and complicated matter 
than we have yet led the reader to fuppofe. In moft 
of thefe engines, the whole motion may be divided in- 
to two parts. One may be called the working stroke, 
and the other in which the working points are brought 
back to a fit nation w hich fits them for afting again, 
may be called the returning stroke. This return 
muft be effefttd either by means of fome immediate ap- 
plication of the aftuatiirg power, or by fome other 
force, which is eounterafted during the working ftroke, 
and muft be confidered as making part of the refiftance. 
In the fteam engine, it is generally done by a counter- 
poife on the outer end of the great working beam. This 
muft be accounted a part of the refiftance, for it muft 
be raifed again ; and the proportions of the machine for 
attaining the maximum muft be computed accordingly. 
The quantity of this counterpoife mull be adjufted by 
other confiderations. It muft be fuch, that the defeent 
of the pump rods in the pit may jujl employ the whole 
time that is neceffary for filling the cylinder with fteam. 
If they defeend more bri/kly (which an unlkilful engi- 
neer likes to fee), this muft be done by means of a 
greater counterpoife, and this employs more power to 
raife it again. Defaguliers deferibes a very excellent 
machine for raifing water in a bucket by a man’s ftep- 
ping into an oppofite bucket, and defeending by his 
preponderancy. When he comes to the bottom, he 
tleps out, goes up a flair, and finds the bucket return- 
ed and ready to receive him again. This machine is 
extremely fimplc, and perhaps the beft that can be con- 
trived; and yet it is one of the moft likely to be a very 
bad one. The bucket into which the man fteps muft 
be brought up to its place again by a preponderancy 
in the machine when unloaded. It may be returned 
fooner or later. It fhould arrive precifely at the fame 
time with the man. If fooner, it is of no ufe, and 
waftes power in raifing a counterpoife which is need- 
lefsly heavy : if later, time is loft : Therefore, the per- 
fection of this very fimple machine requires the judici- 
ous combination of two maximums, each of which varies 
in a ratio compounded of two other ratios. Suppofe 
the man to employ a minute to go up flairs 50 feet, 
which is very nearly what he can do from day to day 
as his only work, and fuppofe him to weigh 150 pounds, 
and that he a£ls by means of a fimple pulley—the maxi- 
mum for a lever of equal arms would require him to 
raife about 60 pounds of water. But when all the 
other circumftances are calculated, it will be found that 
he muft raife 138 pounds (negle&ing the inertia of the 
machine). He fhould raiffe 542 pounds to feet in a 
minute ; and this is nearly the moft exa<ft valuation off 
a man’s work. 

There is the fame necefiky of attending to a variety 
aft 
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of circumftances in all machines which reciprocate in 
the whole or any conliderable part of their motion. 
The force employed for bringing the machine into an- 
other working pofition, mull be regulated by the time 
ueceiTary for obtaining a new fupply of power ; and 
then the proportion of m to n mull be io adjufted, that 
the work performed, divided by the whole time of the 
working and returning Itrokes, may give the greateft 
quotient- It is ftill a difficult thing, therefore, to con- 
ftruft a machine in the moll perfect manner, or even to 
fay what will be the performance of a machine already 
conftrucled ; yet we fee that every circumftance is fuf- 
ceptible of accurate computation. 

With refpedl to machines which acquire a fort of 
uniform motion in general, although fubjecl to partial 
reciprocations, as in a pumping, (tamping, forging en- 
gine, it is alfo difficult to affign the rate even of this 
general uniform motion. We may, however, fay, that 
it will not be greater than if it were uniform through- 
efut. Were it entirely free from fridtion, it would be 
exaftly the fame as if uniform ; becaufe the accelera- 
tions during the advantageous lituations of the impel- 
ling power would compenfate the retardations. But 
fridfion diminiffies the accelerations, without diminiih- 
fng the retardations. 

Uniformity 
of motion 
throughout 
is of great 
advantage. 

34 
How to at- 
tain this. 

We may conclude this article with fome obfervations 
tending to the general improvement of machines. 

Nothing contributes more to the perfedlion of a ma- 
chine, efpecially fuch as is maffive and ponderous, than 
great uniformity of motion. Every regularity of mo- 
tion waftes fome of the impelling power ; and it is on- 
ly the greatell of the varying velocities which is equal 
to that which the machine would acquire if moving uni- 
formly throughout ; for while the motion accelerates, 
the impelling force is greater than what balances the 
refiftance then actually oppofed to it, and the velocity 
is lefs than what the machine would acquire if moving 
uniformly : and when the machine attains its greatell 
velocity, it attains it becaufe the power is then not 
adding againft the whole refiltance. In both of thefe 
iituations, therefore, the performance of the machine is 
lefs than if the power and refiftance were exadtly balan- 
ced ; in which cafe it would move uniformly. 

Every attention fhould therefore be given to this, 
and we ffiould endeavour to remove all caufe of irregu- 
larity. The communications of motion fnould be fo 
contrived, that if the impelled point be moving uniform- 
ly, by the uniform preffure of the power, the working 
point fhall alfo be moving uniformly. Then we may 
generally be certain, that the mafly parts of the ma- 
chine will be moving uniformly. When this is not 
done through the whole machine, there are continual 
returns of (trains and jolts ; the inertia of the different 
parts adling in oppofite diredlions. Although the whole 
momenta may always balance each other, yet the gene- 
ral motion is hobbling, and the points of fupport are 
drained. A great engine fo condrudled, commonly 
caufes the building to tremble ; but when uniform mo- 
tion pervades the whole machine, the inertia of each 
part tends to preferve this uniformity, and all goes 
fmoothly. It is alfo deferving of remark, that when 
the communications are fo contrived that the uniform 
motion of one part produces unkerm motion on the 
next, the prefTures at the communicating points remain 
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conflant or invariable. Now the accomplifiu'ng of this 
is always within the reach of mechanics. ^ 

One of the mod ufual communications in machinery Beftkorras 
is by means of toothed wheels adling on each other. It for the 
is of importance to have the-teeth fo formed, that the^j^of 
preffure by which one of them A urges the other B ‘p|at'e 
round its axis fhall be con flantly the fame. It can ea- XXXIII, 
fily be demoudrated, that when this is the cafe, the i- 
uniform angular motion of the one will produce a uni- 
form angular motion of the other : or, if the motions 
are thus uniform, the preffures are invariable. This is 
accomplifhed on this principle, that the mutual adtions 
of folid bodies on each other in the w'ay of preffure are 
perpendicular to the touching furfaces. Therefore let 
the tooth a prefs on the tooth b in the point C ; and 
draw the line FCDE pe pendicular to the touching fur- 
faces in the point C. Draw AE, BE perpendicular to 
EE, and let FE cut the line AB in D. It is plain, 
from the common principles of mechanics, that if the 
line FE, drawn in the manner now deferibed, always 
pals through the fame point D, whatever may be the 
fituation of the adling teeth, the mutual adlidn of the 
wheels will always be the fame. It wall be the fame 
as if the arm AD added on the arm BD. In the trea- 
tifes on the condrudlion of mills, and other works of 
this kind, are many inftrudlions for the formation of the 
teeth of wheels ; and aimed every noted millwright has 
his own nodrums. Mod of them are egregioufly faul- 
ty in refpedl of mechanical principle. Indeed they are 
little elfe than indrudlions h:>w to make the teeth clear 
each other without dicklig. Mr de la Hire fird point- 
ed out the above-mentioned principle, and judly con- 
demned the common pradtice of making the fmall wkieel 
or pinion in the form of a lantern (whence it alfo took 
its name), confiding of two round diflcs, having a num- 
ber of cylindrical fpokes(fig. 2.) The flighted infpedlion 
of this conilrudtion ffiews that, in the different fituations 
of the working teeth, the line FCE continually changes 
its interfedtion with AB. If the wheel B be very fmall 
in comparifon of the other, and if the teeth of A take 
deep hold of the cylindrical pins of B, the line of adlion 
EE is fometirnes io difadvantageoufly placed, that the 
preffure of the one wheel has fcarcely any tendency at 
all to turn the other. Mr de la Hire, or Dr Hooke, Epwyc'oick 
was, we think, the fird who invedigated the form of ^ 
tooth which procured this condant adlion between the j)e ja 
wheels ; and in a very ingenious diflertation, publiflied 
among the Memoirs of the Academy of Sciences at Pa- 
ris 1668, the former of thefe gentlemen fhews that this 
wull be enfured by forming the teeth into epicycloids. 
Mr Camus of the fame Academy has publifhed an ela- 
borate diflertation on the fame fubjedl, in which he pro- 
fecutes the principle of Mr de la Hire, and applies it 
to all the variety of cafes which can occur in pradlice. 
There is no doubt as to the goodnefs of the principle ; 
and it has another excellent property, “ that the mu- 
tual adlion of the teeth is abfolutely without any fric- 
tion.” The one tooth only applies itfelf to the other, 
and rolls on it, but does not flide or rub in the fmalled 
degree. 1 his makes them lall long, or rather does not 
allow them to wear in the lead. But the condrudlion 
is fubjedi to a limitation which mud not be negledted. 
The teeth mult be fo made, that the curved part of the 
tooth h is adb T on by a flat part of the tooth a till it 
comes to the line AB in the courfe of its adlion ; after 

which 
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wliicli the curved part of a a£ls on a flat part of b‘, or 
the whole action of a on £ is either completed, or only 
begins at the line AB, joining the centres of the 
wheels. 

Another form of the teeth fecures the perfefl uni- 
Ji nf161 formity of aftion without this limitation, which requires 

very nice execution. Let the teeth of each wheel be 
formed by evolving its circumference ; that is, let the 
a&ing face GCH of the tooth a have the form of the 
curve traced by the extremity of the thread FC, un- 
lapped from the circumference. In like maimer, let the 
afting face of the tooth b be formed by unlapping a 
thread from its circumference. It is evident, that the 
line FCE, which is drawn perpendicularly to the touch- 
ing furfaces in the point C, is juft the direftion or por- 
tion of the evolving threads by which the two a6ling 
faces are formed. This line mull therefore be the com- 
mon tangent to the two circles or circumferences of the 
wheels, and will therefore always cut the line AB in 
the fame point D. This form allows the teeth to a£l 
on each other through the whole extent of the line 
FCE, and therefore will admit of feveral teeth to be 
adling at the fame time (twice the number that can be 
admitted in Mr de la Hire’s method). This, by divi- 
ding the preffure among feveral teeth, diminilhes its 
quantity on any one of them, and therefore diminilhes 
the dents or impreffions which they unavoidably make 
on each other. It is not altogether free from Hiding 
and fridtion, but the whole of it can hardly be faid to 
be fenfible. The whole Hide of a tooth three inches 
long, belonging to a wheel of ten feet diameter, adting 
on a tooth of a wheel of two feet diameter, does not 
amount to —th of an inch; a quantity altogether infig- 
nificant. 

In the formation of the teeth of wheels, a fmall de- 
viation from thefe perfeft forms is not perhaps of very 
great importance, except in cafes where a very large 
wheel drives a very fmall one (a thing which a good 
engineer will always avoid). As the conftrudlion, how- 
ever, is exceedingly eafy, it would be unpardonable to 
omit it. Well formed teeth, and a great number of 
them adling at once, make the communication of mo- 
tion extremely fmooth and uniform. The machine 
works without noife, and the teeth laft a very long 
time without fenfibly changing their lhape. But there 
are cafes, fuch as the pallets of clocks and watches, 
where the utmoft accuracy of form is of the greatell 
importance for the perfection of the work. 

Maxim for When heavy Hampers are to be raifed, in order to 
the con- drop on the matters to be pounded, the wipers by which 
ftru&ion they are lifted Ihould be made of fuch a form, that the 
^'hampers,qaniper ]T|ay ge ra;fec] gy a uniform prelfure, or with a 

motion alinoll perfectly uniform. If this is not attended 
to, and the wiper is only a pin flicking out from the 
axis, the Hamper is forced into motion at once. This 
occafions violent jolts to the machine, and great drains 
on its moving parts and their points of fupport ; where- 
as, when they are gradually lifted, the inequality of de- 
fultory motion is never felt at the impelled point of the 
machine. We have feen piHons moved by means of a 
double rack on the piHon rod. A half wheel takes hold 
of one rack, and raifes it to the required height. The 
moment the half wheel has quitted that fide of the rack, 
it lays hold of the other fide, and forces the piHon down 
s^ain. This is propofed as a great improvement ; cor- 

roding the unequable motion of the piHon moved in 
the common way by a orank. But it is far inferior to 
the crank motion. It occafions fuch abrupt changes 
of motion, that the machine is fhaken by jolts, Indeed 
if the movement were accurately executed, the machine 
would be fnaken to pieces, if the parts did not give 
way by bending and yielding. Accordingly, we have 
always obferved that this motion foon failed, and was 
changed for one that was more fmooth. A judicious 
engineer will avoid all fuch fudden changes of motion, 
efpecially in any ponderous part of a machine. 

When feveral Hampers, piHons, or other reciprocal 
movers, are to be raifed and depreffed, common fenfe 
teaches us to diHribute their times erf action in a uni- 
form manner, fo that the machine may always be equal- 
ly loaded with work. When this is done, and the ob- 
fervations in the preceding paragraph attended to, the 
machine may be made to move almoll as fmoothly as if 
there were no reciprocations in it. Nothing Hiews the 
ingenuity of the author more than the artful yet fimple 
and effedtual contrivances for obviating thofe difficul- 
ties that unavoidably arife from the very nature of the 
work that muH be performed by the machine, and of 
the power employed. The inventive genius and found 
judgment of Watt and Boulton are as perceptible to a 
Ikilled obferver in thefe fubordinate parts of fome of 
their great engines, as in the original difeovery on which 
their patent is founded. In fome of thdfe engines the 
mafs of deed matter which muH be put into motion, 
and this motion deitroyed and again reflored in every 
Hroke, is enormous, amounting to above an hundred 
tons. The ingenious authors have even contrived to 
draw fome advantages from it, by allowing a great want 
of equilibrium in certain politions ; and this has been 
condemned as. a blunder by engineers who did not fee 
the ufe made of it. 

There is alfo great room for ingenuity and good The tir.a- 
choice in the management of the moving power, when voidable iu- 
it is fuch as cannot immediately produce the kind of‘Tiai*fies 

• 1 r a- rw / r r TTr a niovinjr motion required tor etlecting the purpote. We men-p0wer 
tioned the converfion of the continued rotation of an he compen- 
axis into the reciprocating motion of a piHon, and the^atedby 
improvement which was thought to have been made 
the common and obvious contrivance of a crank, by 
lubllituting a double rack on the* piHon rod, and the 
inconvenience arifing from the jolts occafioned by this 
change. We have feen a great forge, where the engi- 
neer, in order to avoid the fame inconvenince anting 
from the abrupt motion given to the great Hedge ham- 
mer of feven hundred weight, refilling with a five-fold 
momentum, formed the wipers into fpirals, which com- 
municated motion to the hammer almofi without any 
jolt whatever; but the refult was, that the hammer 
rofe no higher than it had been raifed in conta6t with 
the wiper, and then fell on the iron bloom with very 
little efiedl. The caufe of its inefficiency was not guef- 
fed at; but it was removed, and wipers of the common 
form were put in place of the fpirals. In this opera- 
tion , the rapid motion of the hammer is abfolutely ne- 
ceflary. It is not enough to lift it up ; it mult be luf- 
fed up, fo as to fly higher than the wiper lifts it, and to 
flrike with great force the Hrong oaken fpring which 
is placed in its way. It compreifes this fpring, and is 
reflated by it with a confiderable velocity, fo as to hit 
the iron as if it had fallen from a great height. Had 

it 
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it be’en allowed to fly to that height, it would have 
fallen upon the iron with fomewhat more force (becauie 
no oaken fpring is perfectly elaftic) ; but this would 
have required more than twice the time. 

In employing a power which of necefTity recipro- 
cates, to drive machinery which requires a continuous 
motion (as in applying the fleam engine to a cotton or 
a grift mill), there alfo occur great difficulties. The 
neceffity of reciprocation in the firft mover waftes much 
power; becaufe the inftrument which communicates 
fuch an enormous force muft be extremely ftrong, and 
be well fupported. The impelling power is wafted in 
imparting, and afterwards deftroying, a vaft quantity of 
motion in the working beam. The fkilful engineer will 
attend to this, and do his utmoft to procure the necef- 
fary ttrength of this firfl mover, without making it a 
valt load of inert matter. He will alfo remark, that 
all the ftrains on it, and on its fupports, are changing 
their direftions in every ftroke. This requires particu- 
lar attention to the manner of fupporting it. If we 
obferve the fleam engines which have been long eredf- 
ed, we fee that they have uniformly fhaken the build- 
ing to pieces. This has been owing to the ignorance 
or inattention of the engineer in this particular. They 
are much more judicioully eredled now, experience ha- 
ving taught the mott ignorant that no building can 
withftand their defultory and oppofite jolts, and that 
the great movements muft be fupported by a frame- 
work independent of the building of mafonry which 
contains it (b). 

The engineer will alfo remark, that when a Angle 
ftroke fteam engine is made to turn a mill, all the com- 
munications of motion change the direction of their 
preffure twice every ftroke. During the working ftroke 
of the beam, one fide of the teeth of the intervening 
wheels is preffing the fnachinery forward ; but during 
the returning ftroke, the machinery, already in motion, 
is dragging the beam, and the wheels are acting with 
the other iide of the teeth. This occafions a rattling 
at every change, and makes it proper to fafhion both 
ftdes of the teeth with the fame care. 

It will frequently conduce to the good performance 
of an engine, to make the adtion of the refitting work 
unequable, accommodated to the inqualities of the im- 
pelling power. This will produce a more uniform mo- 
tion in machines in which the momentum of inertia is 
inconfiderable. There are fame beautiful fpecimens of 
this kind of adjuftment in the mechanifm of animal 
bodies. 

It is very cuftomary to add what is called a Fly to 
machines. This is a heavy difk or hoop, or other mafs 
of matter, balanced on its axis, and fo connected with 
the machinery as to turn brifkly round with it. This 
may be done with the view of rendering the motion of 
the whole more regular, notwithftanding unavoidable 
inequalities of the accelerating forces, or of the refift- 
ances occafioned by the work. It becomes a Regu- 

N E R Y. 
lator. Suppofe the refiftance extremely unequal, and 
the impelling power perfectly conftant ; as when a 
bucket wheel is employed to work one pump. When 
the pifton has ended its working ftrokc, and while it is 
going down the barrel, the power of the wheel being 
fcarcely oppofed, it accelerates the wffiole machine, and 
the pifton arrives at the bottom of the barrel with a con- 
fiderable velocity. But in the rifing again, the wheel 
is oppofed by the column of water now preffing on the 
pifton. This immediately retards the wdieel; and when 
the pifton has reached the top of the barrel, all the ac- 
celeration is undone, and is to begin again. The motion 
of fuch a machine is very hobbling : but the iuperplus 
of accelerating force at the beginning of a returning 
ftroke will not make fuch a change in the motion of 
the machine if we connedt the fly with it. For the ac- 
celerating momentum is a determinate quantity. There- 
fore, if tire radius of the fly be great, this momentum 
will be attained by communicating a fmall angular mo- 
tion to the machine. The momentum of the fly is as the 
fquare of its radius; therefore it refifts acceleration in this 
proportion; and although the overplusof power generates 
the fame momentum of rotation in the whole machine 
as before, it makes but a fmall addition to its velocity. 
If the diameter of the fly be doubled, the augmentation 
of rotation will be reduced to one-fourth. Thus, by gi- 
ving a rapid motion to a fmall quantity of matter, the 
great acceleration, during the returning ftroke of the 
pifton, is prevented. This acceleration continues, howT- 
ever, during the wffiole of the returning ftroke, and at 
the end of it the machine has acquired its great eft velo- 
city. Now the working ftroke begins, and the over- 
plus of power is at an end. The machine accelerates 
no more; but if the power is juft in equilibrio with the 
refiftance, it keeps the velocity which it has acquired, 
and is ftill more accekmated during the next returning 
ftreke. But now, at the beginning of the fubfequent 
working ftroke, there is an overplus of refiftance, and a 
retardation begins, and continues during the whole rile 
of the pifton ; but it is inconfiderable in comparifon of 
what it would have been without the fly ; tor the fly, 
retaining its acquired momentum, drags forward the reft 
of the machine, aiding the impelling power of the 
wheel. It does this by all the communications taking 
into each ether in the oppoiite direction. The teeth 
of the intervening wheels are heard to drop from their 
former eontadf on one fide, to a contact on the other. 
By confidering this procels with attention, we eafily 
perceive that, in a few itrokes, the overplus of power 
during the returning ftroke comes to be fo adjufted to 
the deficiency during the working ftveke, that the acce- 
lerations and retardations ex^ftly defti oy each other, and 
every fueceeding ftroke is made with the fame velocity, 
and an equal number of ftrokes is made in every fue- 
ceeding minute. Thus the machine acquires a general 
uniformity with periodical inequalities. It is plain, 
that by Efficiently enlarging either the diameter or the 

weight 

(b) The gudgeons of a water-wheel fhould never reft on the wall of the building. It ffiakes it ; and if fet up 
foon after the building has been ereefed, it prevents the mortar from taking firm bond ; perhaps by ihattermg the 
calcareous cryftals as they form. When the engineer is obliged to reft the gudgeons in this way, they fiiould be 
fupported by a block of oak laid a little hollow. This foftens all tremors, like the fprings of a wheel carriage. 
This practice would be very ferviceable in many other parts of the conftru&ion. 



MAC H 
weight of the fly, the irregularity of the motion may 
he rendered as fmall as we pleafe. It is much better 
to enlarge the diameter. This preferves the fridtion 
more moderate, and the pivot wears lefs. For thefe 
reafons, a fly is in general a confiderable improvement 
in machinery, by equalifing many exertions that are na- 
turally very irregular. Thus, a man working at a com- 
mon windlafs, exerts a very irregular preflure on the 
winch. In one of his pofitions in each turn he can ex- 
ert a force of near 70 pounds without fatigue, but in 
another he cannot exert above 25 ; nor muft he be 
loaded with much above this in general. But if a large 
fly be conedted properly with the windlafs, he will adb 

40 with equal eafe and fpeed againft 30 pounds. 
It h a This regulating power of the fly is without bounds, 
powerful an[j may ufecj to render uniform a motion produced 

S * by the mo ft: defultory and irregular power. It is thus 
that the moft regular motion is given to mills that are 
driven by a Angle ftroke fleam engine, where for two 
or even three feconds there is no force prefling round 
the mill. The communication is made through a maf- 
Ave fly of very great diameter, whirling with great ra- 
pidity. As foon as the impulfe ceafes, the fly, conti- 
nuing its motion, urges round the whole machinery with 
almoft unabated fpeed. At this iuftant all the teeth, 
and all the joints, between the fly and the Aril mover, 
are heard to catch in the oppoAte direction. 

If any permanent change ftiould happen in the im- 
pelling power, or in the reflftance, the fly makes no ob- 
•itacle to ita.producing its full effedt on the machine ; 
and it will be obferved to accelerate or retard uniform- 
ly, till a new general fpeed is acquired exadlly corre- 
fponding wo'th this new power and reflftance. 

Many machines include in their conftrudtion move- 
ments which are equivalent with this intentional regula- 
tor. A flour mill, for example, cannot be better regu- 
lated than by its milllone : but in the Albion mills, a 
heavy fly w^as added with great propriety ; for if the 
mills had been regulated by their milftones only, then 
at every change of ftroke in the fteam engine, the whole 
train of communications between the beam, which is the 
flrft mover, and the regulating milftone, which is the 
very laft mover, would take in the oppoAte diredlion. 
Although each drop in the teeth and joints be but a 
trifle, the whole, added together, would make a confl. 
derablejolt. This is avoided by a regulator immediate- 
ly adjoining to the beam. This continually prefles the 
working machinery in one diredlion. So judicioufly 
were the movements of that noble machine contrived, 
and fo nicely wrere they executed, that not the leaft noife 
was heard, nor the flighted tremor felt in the building. 

Mr Valoue’s beautiful pile engine employed at Weft- 
minfter Bridge is another remarkable Alliance of the 

*SeePuE.regulating power of a fly*. When the ram is drop- 
%'«,En-ped, and its follower difengaged immediately after it, 

the horfes would inftantly tumble down, becaufe the 
load, again!! which they had been draining hard, is at 
once taken off; but the gin is connected with a very 
large fly, which checks any remarkable acceleration, al- 
lowing the horfes to lean on it during the defeent of 
the load ; after which their draught recommences im- 
mediately. The fpindles, cards, and bobbins, of a cot- 
ton mill, are alfo a fort of flies. Indeed all bulky ma- 
chines of the rotative kind tend to preferve their mo- 
tion with fome degree of fteadinefs, and their great mo- 
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mentum of inertia is as ufeful in this refpedl as it k pre- 
judicial to the acceleration or any reciprocation when 
wanted. 

There is another kind of regulating fly, conAfting of 41 
wings whirled brilkly round till the reAftance of the air ^ac| con~ 
prevents any great acceleration. This is a very bad^J’*1011 <>£ 

one for a working machine, for it produces its effedl byd 

really wajling a part of the moving power. Frequently 
it employs a very great and unknown! part of it, and 
robs the proprietor of much work. It fltould never be 
introduced into any machine employed in manufac- 
tures. 

Some rare cafes occur where a very different regula- A conical 
tor is required ; where a certain determined velocity is pendulum 
found neceflary. In this cafe the machine is furnifhed,is the moft 

at its extreme mover, with a conical pendulum, confift-^c
t^r

rc“ 
ing of turn heavy balls hanging by rods, which move in*3 ' ,r* 
very nice and fteady joints at the top of a vertical axis. 
It is W'ell known, that when this axis turns round, with 
an angular velocity fuited to the length of thole pendu- 
lums, the time of a revolution is determined. Thus, 
if the length of each pendulum be 39I- inches, the axis 
will make a revolution in two feconds very nearly. If 
we attempt to force it more fwiftly round, the balls will 
recede a little from the axis, but it employs as long 
time for a revolution as before ; and we cannot make it. 
turn fwifter, unlefs the impelling power be increafed 
beyond all probability ; in which cafe the pendulum 
will fly out from the centre till the rods are horizontal, 
after which every encreafe of power will accelerate the 
machine very fenflbly. Watt and Boulton have applied 
this contrivance with great ingenuity to their fleam en- 
gines, when they are employed for driving machinery 
for manufadlures which have a very changeable reAft- 
ance, and where a certain fpeed cannot be much depai t- 
ed from without great inconvenience. They have con- 
nedled this iccefs of the balls from the axis (which 
gives immediate indication of an increafe of power or a 
diminution of reftilance) with the cock which admits 
the fleam to the working cylinder. The balls flying 
out, caufe the cock to clofe a little, and diminifh the. 
fupply of fleam. The impelling power diminifhes the 
next moment, and the balls again approach the axis, 
and the rotation goes on as before, although there may- 
have occurred a very great excels or deficiency of power. 
The fame contrivance may be employed to raife or lower 
the feeding fluice of a water mill employed to drive ma- 
chinery. 

A fly is fometimes employed for a very different pur- 
pofe from that of a regulator of motion—it is employ-A Ay fome-. 
ed n. collector of power. Suppofe all reAftance remo-co'‘ 
ved from the working point of a machine furnifhed with!c<aSl10Vver' 
a very large or heavy fly immediately connedled with 
the working point, \yhen a fmall force is applied to 
the impelled point of this machine, motion will begin in 
the machine, and the fly begin to turn. Continue to 
prefs uniformly, and the machine will accelerate. This 
may be continued till the fly has acquired a very 
rapid motion, If at this moment a re Aft ing body be 
applied to the working point, it will be afted on with 
very great force ; for the fly has mnv accumulated in 
its circumference a very great momentum. If a body 
were expofed immediately to the adlion of this circum- 
ference, it would be violently ftruck. Much more will 
it be fo, if the body be expofed to the adion of the 
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working point, which perhaps makes one turn while 
the flv makes a hundred. It will exert a hundred times 
more force there (very nearly) than at its own circum- 
ference. All the motion which has been accumulated 
on the fly during the whole progrefs of its acceleration 
is exerted in an inftant at the working point, multiplied 
by the momentum depending on the proportion of the 
parts of the machine. It is thus that the coining preis 
performs its office ; nay, it is thus that the blackfmith 
forges a bar of iron. Swinging the great fledge ^ar^' 
mer round his head, and urging it with force the whole 
way, this accumulated motion is at once extinguiffied by 
impaft on the iron. It is thus we drive a nail; and it 
is thus that by accumulating a very moderate force ex- 
erted during four or five turns of a fly, the whole of it 
is exerted on a punch fet on a thick plate of iron, fuch 
as is employed for the boilers of fteam engines. The 
plate is pierced as if it were a bit of cheefe. This ac- 
cumulating power of a fly has occalioned many who 
think themfelves engineers to imagine, that a fly really 
adds power or mechanical force to an engine ; and, not 
undemanding on what its efficacy depends, they often 
place the fly in a fituation where it only added a ufelefs 
burden to the machine. It ihould always be made to 
move with rapidity. If intended for a mere regulator, 
it fhould be near the firll mover. If it is intended to 
accumulate force in the working point, it ffiould not 
be far feparated from it. In a certain fenfe, a fly may 
be faid to add power to a machine, becaufe by accumu- 
lating into the exertion of one moment the exertions of 
many, we can fometimes overcome an obflacle that we 
never could have balanced by the fame machine unaid- 
ed by the fly. 

It is this accumulation of force which gives fuch an 
appearance of power to fome of our firft movers. When 
a man is unfortunately catched by the teeth of a paltry 
country mill, he is cruflred almofl to mummy. The 
power of the ftream is conceived to be prodigious ; and 
yet we are certain, upon examination, that it amounts 
to the preflure of no more than fifty or fixty pounds. 
But it has been acting for fome time ; and there is a 
milflone of a ton weight whirling twice round in a fe- 
cond. This is the force that cruflied the unfortunate 
man ; and it required it all to do it, for the mill flop- 
ped. We faw a mill in the neighbourhood of Elbing- 
roda in Hanover, where there was a contrivance which 
difengaged the milftone when any thing got entangled 
in the teeth of the wheels. It was tried in our fight 
with a head of cabbage. It crufhed it indeed, but not 
violently, and would by no means have broken a man s 
arm. 

Simplicity It is hardly neceffary to recommend fimplicity in the 
cf conftruc-conflruClion of machines. This feems now fufficiently 
tion recom-lin(jeriqootp Multiplicity of motions and communications 
mended. increafes friftions ; increafea. the unavoidable Ioffes by 

bending and yielding in every part ; expofes to all the 
imperfections of workmanihip ; and has a great chance 
of being indiftinftly conceived, and therefore conftrudted 
without fcience. We think the following conftruftion 
of a capflan or crab a very good example of the ad- 
vantages of fimplicity. It is the invention of an un- 
taught but very ingenious country tradefman. 

Fig. 3. EAB is the barrel of the capftan, Handing vertically 
iu a proper frame, as ufual, and urged round by bars 
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fuch as EF. The upper part A of the barrel is 17 45 
inches in diameter, and the lower B is 16. C isajampls 
llrong pulley 16 inches in diameter, having a hook k), finipje 
which takes hold of a hawfer attached to the load, powerful 
The rope ACB is wound round the barrel A, paffescapftan. 
over the pulley C, and is then wound round the barrel 
B in the oppofite direftion. No farther description'is 
neceflary, we think, to {hew that, by heaving by' the 
bar F, fo as to wind more of the rope upon A, and un- 
wind it from B, the pulley C mud be brought nearer 
to the capflan by about three inches for each turn of 
the capflan ; and that this fimple capflan is equivalent 
to an ordinary capftan of the fame length of bar EF, 
and diameter of barrel B, combined with a 16 fold 
tackle of pulleys; or, in fliort, that it is 16 times more 
powerful than the. common capilan ; free fiom the 
great lofs by friftion and bending of ropes, which 
would abforb a third of the power of a 16 fold tackle ; 
and that whereas all other engines become weaker as 
they multiply the power to a greater degree (unlefs they 
are proportionally more bulky), this engine becomes 
really ftronger in itfelf. Suppofe we v?anted to have 
it twice as powerful as at prefent ; nothing is neceffary 
but to cover the part B of the barrel with laths a quar- 
ter of an inch thick. In ffiort, the nearer the two bar- 
rels are to equality, the more powerful does it become. 
We give it to the public as an excellent capflan, and as 
fuggefling thoughts which an intelligent engineer may 
employ with great effeft. By this contrivance, and 
ufing an iron wire inflead of a catgut, we converted a 
common eight day clock into one which goes for two 
months. 

We intended to conclude this article with fome ob- 
fervations on the chief clafles of powers which are em- 
ployed to drive machinery ; fuch as water, wind, at- 
mofphoric preflure, gunpowder, and the force of men 
and other animals, giving fome notion of their abfolutc 
magnitudes, and the effect which may he expelled from 
them. We ffiould then have mentioned what has beeji 
difcovered as to their variation by a variation of veloci- 
ty. And we intended to conclude with an account of 
what knowledge has been acquired concerning friftion, 
and the lofs of power in machinery ariling from this 
caufe, and from the ftiffhefs of ropes, and fome other 
caufes : But we have not yet been able to bring thefe 
matters into a conne&ed form, which would fuggeil the 
methods and means of farther information thereon. 
Wc muft endeavour to find another opportunity of 
communicating to the public what we may yet learn on 
thofe fubje&s. 

We have now eflabliffied the principles on which 
machines muft be conftnufted, in order that they may 
produce the greateft effedl ; but it would be improper 
to difmifs the fubjeft without ftating to our readers 
Mr Bramah’s new method of producing and applying 
a more confiderable degree of power to all kinds of ma- 
chinery requiring motion and force, than by any means 
at prefent praftifed for that purpofe. This method* 
for which on the March 1796 he obtained a 
patent, confifts in the application of water or other 
denfe fluids to various engines, fo as, in fome inftances, 

to 
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to caufe them to aft with immenfe force ; in others, 
to communicate the motion and powers of one part of a 
machine to fome other part of the fame machine ; and, 
laftly, to communicate the motion and force of one ma- 

‘ chine to another, where their local fxtuations preclude 
the application of all other methods of connection. 

The firlt and moft material part of this invention will 
be clearly underftood by an infpeCtion of fig. 4. where 
“ A is a cylinder of iron, or other materials, fufficient- 
ly ftrong, and bored perleCtly fmooth and cylindrical ; 
into which is fitted the pifion B, which muft be made 
perfectly water-tight, by leather or other materials, as 
ufed in pump-making. The bottom of the cylinder 
mult alfo be made fufficiently ftrong with the other 
part of the furface, to be capable of refilling the great- 
eft force or ftrain that may at any time be required. 
In the bottom of the cylinder is inferted the end of the 
tube C ; the aperture of which communicates with the 
infide of the cylinder, under the pilton B, where it is 
fliut with the i’mall valve D, the fame as the luCtion- 
pipe of a common pump. The other end of the tube 
C communicates with the fmall forcing pump or injec- 
tor E, by means of which w'ater or other denfe fluids 
can be forced or injeCted into the cylinder A, under the 
pifton B. Now, fuppofe the diameter of the cylinder 
A to be 12 ifiches, and the diameter of the pifton of 
the fmall pump or injeftor E only one quarter of an 
inch, the proportion between the twm furfaces or ends 
of the faid piftons wrill be as I to 2304 ; and fuppofing 
the intermediate fpace between them to be filled with 
water or other denfe fluid capable of fufficient refin- 
ance, the force of one pifton will aft on the other juft 
in the above proportion, viz. as 1 is to 2304. Suppofe 
the fmall pifton in the injeftor to be forced down when 
in the aft of pumping or injefting water into the cylin- 
der A, with the power of 20 cwrt. which could eafily 
be done by the lever H ; the pifton B would then be 
moved up with a force equal to 20 cw't. multiplied by 
2304. Thus is conftrufted a hydro-mechanical engine, 
whereby a weight amounting to 2304 tons can be rai- 
led by a Ample lever, through equal fpace, in much 
lefs time than could be done by any apparatus conftruc- 
ted on the known principles of mechanics ; and it may 
be proper to obferve, that the effeft of all other mecha- 
nical combinations is counterafted by an accumulated 
complication of parts, w-hich renders them incapable of 
being ufefully extended beyond a certain degree ; but 
in machines afted upon or conftrufted on this principle, 
every difficulty of this kind is obviated, and their pow- 
er fubjeft to no finite reftraint. To prove this, it will 
be only neceflary to remark, that the force of any ma- 
chine afting upon this principle can be increafed ad in- 

Jinitum, either by extending the proportion between the 
diameter of the injeftor and the cylinder A, or by ap- 
plying greater power to the lever H. 

“ Fig. 5. reprefents the feftion of an engine, by which 
very wonderful effefts may be produced inftantaneoufly 
by means of comprefled air. AA is a cylinder, with 
the pifton B fitting air-tight, in the fame manner as de- 
feribed in fig. 4. C is a globular veflel made of cop- 
per, iron, or other ftrong materials, capable of refilling 
immenfe force, fimilar to thofe of air guns. D is a 
ftrong tube of fmall bore, in which is the ftop-cock E. 
One of the ends of this tube communicates with the 
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cylinder under the pifton B, and the other with the 
globe C. Now, fuppofe the cylinder A to be the fame 
diameter as-that in fig. 4. and the tube D equal to one 
quarter of an inch diameter, which is the fame as the 
injeftor fig. 4. : then, fuppofe that air is injefted into 
the globe C (by the common method), till it prefles 
againft the cock E with a force equal to 20 cwt. which 
can eafily be done ; the confequence will be, that when 
the cock E is opened, the pifton B wiU be moved in 
the cylinder A A with a power or force equal to 2304 
tons ; and it is obvious, as in the cafe fig. 4. that any 
other unlimited degree of force may be acquired by 
machines or engines thus conttrufted. 

“ Fig. 6. is a feftion, merely to fhew how the power 
and motion of one machine may, by means of fluids, be 
transferred or communicated to another, let their di- 
ftance and local fituation be what they may. A and B 
are two fmall cylinders, fmooth and cylindrical ; in the 
infide of each of which is a pifton, made water and air 
tight, as in figs 4. and 5. CC is a tube conveyed un- 
der ground, or otherwife, from the bottom of one cy- 
linder to the other, to form a communication between 
them, notwithftanding their diftance be ever fo great ; 
this tube being filled with water or other fluid, until it 
touch the bottom of each piiton ; then, by depreffing 
the pifton A, the pifton B will be railed. The fame 
effeft will be produced vice verfa: thus bells may be 
rung, wheels turned, or other machinery put invifibly 
in motion, by a power being applied to either. 

“ Fig. 7. is a feftion, Ihewing another inftance of com- 
municating the aftion or force of one machine to ano- 
ther ; and how water may be railed out of wells of any 
depth, and at any diftance from the place where the 
operating power is applied. A is a cylinder of any re- 
quired dirnenlions, in which is the working pifton B, 
as in the foregoing examples: into the bottom of this 
cylinder is inferted the tube-C, which may be of lels 
bore than the cylinder A. This tube is continued, in 
any required direftion, down to the pump cylinder D, 
fuppofed to be fixed in the deep well EE, and forms a 
junftion therewuth above the pifton F ; which pifton 
has a rod G, working through the ftuffing-box, as is 
ufual in a common pump. To this rod G is connefted, 
over a pulley or otherwife, a weight FI, fufficient to 
overbalance the weight of the water in the tube C, and 
to raife the pifton F when the pifton B is lifted : thus, 
fuppofe the pifton B is drawn up by its rod, there will 
be a vacuum made in the pump cylinder D, below the 
pifton F ; this vacuum will be filled with water through 
the fuftion pipe, by the preffure of the atmofphere* as 
in all pumps fixed in air. The return of the pifton B, 
by being prefled downwards in the cylinder A, will 
make a ftroke of the pifton in the pump cylinder D, 
which may be repeated in the ufual way by the motion 
of the pifton B, and the aftion of the water in the tube 
C. The rod G of the pifton F, and the weight H, 
are not neceflfary in wells of a depth where the atmo- 
fphere will overbalance the water in the fuftion of the 
pump cylinder D, and that in the tube C. The fmall 
tube and cock in the ciftern I, are for the purpofe of 
charging the tube C." 

That thefe contrivances are ingenious, and may oc- 
cafionally prove ufeful, we are not inclined to contro- 
vert ; but we muft confefs, that the advantages of them 
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appear not to us fo great as to their author. Why 
they do not, we need not explain to any man who, 
with a fufficient degree of mechanical and mathematical 
knowledge, has perufed this article with attention. 
Mr John Luccock, however, of Marley, near Leeds, 
thinks fo very differently from us on this fubjeCt, that, 
on Mr Bramah’s principle, he propofes to apply water 
or other denfe fluids, fo as to make them fupply the 
place of fleam in what is commonly called xXxeJlaam en- 
gine. He calls his engine the paradoxical machine ; and 

N E R V. 
he g..t a patent for it on the 28th of February 1799, 
though it differs in nothing from Mr Bramah’s ma- 
chine, reprefented by fig. 4. except that the tube C in 
the paradoxical machine is fupplied with water, not by 
means of a forcing pump, but from a ciftern elevated to 
fuch a height as, that the water defeending through 
the tube may produce its effect merely by its weight. 
Whether this variation, for it is no improvement, of 
Mr Bramah’s machine, intitled its author to a patent, it 
is not our bufmefs to inquire. 

-<»■ O -&'04 

MAC 
Macpher- MACPHERSON (James, Efq;), was born in the 

f«n- parifh of Kingufie, and county of Invernefs, in the year 
1738. Elis father was a farmer of no great affluence ; 
and young Macphevfon received the earhei part of his 
education in one of the parifh fchools in the difiridt 
cdlled Badenoch. By an anonymous writer in the E- 
dinbutgh Magazine, be is faid to have been educated in 
the grammar fchool of Invernefs; and he may, for 
ought that we know to the contrary, have fpent a year 
in that feminary ; but we rather think that he went di- 
reftly from a country fchool to the univerfity of Aber- 
deen. At this our readers need not be furprifed ; for 
at the period to which we refer, feme of the parochial 
fchoolmafters in Scotland, and more efpecially in the 
Highlands, were men eminent for tafte and claffical li- 
terature. 

It was in the end of Odlober or the ill of November 
1752, that James Macpherfon entered the King’s Col- 
lege ; where he difplayed more genius than learning, 
entertaining the fociety of which he was a member, and 
even diverting the younger part of it from their ftudics, 
by his humorous and doggerel rhimes. About two 
years after his admiffion into the univerfity, the King’s 
College added two months to the length of its annual 

JeJfion or term ; which induced Macpherfon, with many 
other young men, to remove to the Manfchal College, 
where the feffion continued fhort ; and it is this cir- 
cumftance which leads us to fuppofe that his father was 
not opulent. 

Soon after he left college, and perhaps before he left 
it, he was fchoolmalter of Ruthven, or Riven, of Bade- 
nocb ; and we believe he afterwards delighted as little 
as his great antagonift Johnfon in the recolleftion of 
that period when he was compelled, by the narrownefs 
of his fortune, to teach boys in an obfeure fchool. It 
was during this period, we think in 17585 that he pub- 
lilhed The Highlander, an heroic poem in iix cantos, 
12mo. Of this w’ork, as we have never feen it, we 
can fay nothing. By the anonymous writer already 
quoted, it is mentioned as a “ tiffue of fuftian and ab- 
furdity whilft others, and they too men of learning 
and charafter, have allured us, that it indicated confi- 
derable genius in fo young an author. 

Soon after this publication, Mr Macpberfon quitted 
his fchool, and was received by Mr Graham of Bal- 
gowan into his family as tutor to his fons ; an employ- 
ment of which he was not fond, and to which he was 
not long condemned. In the year 1760 he furprifed 
the world by the publication of Fragments of Ancient 
Poetry t colie hied in the Highlands of Scotland, and Tranf- 
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latcd from the Gaelic or Erfe Language, 8vo. Thefe Macpher- 
fragments, which were declared to be genuine remains , ^ , 
of ancient Scottilh poetry, at their firft appearance de- ‘ ’ 
lighted every reader ; and fome very good judges, and 
amongft the reft Mr Gray, were extremely warm in 
their praifes. Macpherfon had intended to bury them 
in a Scotch magazine, but was prevented from fo in- 
judicious a ftep by the advice of a friend. He pub- 
lilhed them therefore in a pamphlet by themfelves, and 
thus laid the foundation of his future fortune. 

As other fpecimens w’ere faid to be recoverable, a 
fubfeription was fet on foot by the Pacuity of Advo- 
cates at Edinburgh, to enable our author to quit the 
family of Balgow'an, perambulate the Highlands, and 
fecure, if he could, the precious treafure. He engaged 
in the undertaking, and was fuccetsful ; for all who 
polfelfed any of the long-famed works, vied with each 
other in giving or fending them, to a man who had 
fhewn bimfelf fo capable of doing them juftice. 

With his colledion cf poems, and fragments of 
poems, he went to London ; and tagging them toge- 
ther in the form which he thought beft, he publilhed, 
in 1762, Fingal, an Ancient Epic Poem, infix boohs, 
together with feveral other poems, compofed by Oflian 
the fon of Fingal, tranflated from the Gaelic language* 
410. The fubjeft of this epic poem is an invafion of 
Ireland by Swaran king of Lochlin. Cuchullin, gene- 
ral of the Irifti tribes during the minority of Cormac, 
king of Ireland, upon intelligence of the invafion, af- 
fembled bis forces near Tura, a caftle on the coaft of 
Ulfter. The poem opens with the landing of Swaran ; 
councils are held, battles fought, and Cuchullin is at 
laft totally defeated. In the mean time, Fingal, king 
of the Highlands of Scotland, whofe aid had been foli- 
ated before the enemy landed, arrived, and expelled 
them from the country. This war, which continued 
but fix days and as many nights, is, including the epi- 
fodes, the ftory of the Poem. The feene, the heath of 
Lena, near a mountain called Cromleach in Ulfter. This, 
poem alfo was received with equal applaufe as the pre- 
ceding Fragments. 

The next year he produced Femora, an ancient epie- 
poem, in eight books ; together with feveral other 
poems compofed byT Offian fon of Fingal, qto ; which, 
though well. received, found the public fomewhat lefs 
difpofed to beftow the fame meafure of applaufc. Tho’ 
thefe poems had been examined by Dr Blair and others, 
and their authenticity aflerted, there were not wanting 
fome of equal reputation for critical abilities, who either 
doubted or declared their difbelief of the genuinenefs of 

them. 
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them. Into this queftion it would be fuperfluous to 
enter here particularly, as we have laid enough on it 
elfewhere. See Ossian, Encycl. 

That any man fhould fuppofe Macpherfon, after his 
tranflation of Homer, the author of the poems which 
he aferibes to Offian, appears to us very extraordinary ; 
and it is little lefs extraordinary, that any one fliould, 
for a moment, believe in the exiftence of manuferipts of 
thefe poems of very high antiquity. Part of them he 
undoubtedly received in manufeript from Macdonald of 
Clanronald ; but we can affirm, on the bell authority, 
that the faid manufeript was written at different times 
by the Macvurichs, hereditary bards to that family. 
He may likewife have received ffiort tnanuferipts elfe- 
where ; but every Highland gentleman of learning and 
of candour (and none elfe have a right to decide on this 
queftion), declares, that by much the greater part of 
the poems had been preferved in fragments and popular 
fongs from a very remote age by oral tradition. To 
thefe fragments Macpherfon and his affociates (a) gave 
form ; and it was by uniting together fragments of dif- 
ferent ages, that he inadvertently furnifhed Gibbon and 
others with the opportunity of objecting, that the 
poems are fometimes inconliftent with the truth of hi- 
ftory. This, however, is no folid objedtion to their 
authenticity ; for every Weft Highlander fixty years 
of age remembers to have heard, in his youth, great 
part of thofe poems repeated by old men ; and is con- 
fident that, many centuries ago, the names of Fiune 
Mackuil (Pingal), and of Offian’s other heroes and he- 
roines, were as familiar to a Highland ear, as the names 
of Agamemnon, He&or, Helen, &c. were to a Gre- 
cian ear at the time when the poems of Homer were 
reduced into their prefent form. For the fubftance of 
the poems, this is fuch evidence as none will rejedb who 
does not prefer his own cobweb theories to the united 
teftimony of a whole people. 

With refpedt to authenticity, the poems of Offian 
have indeed been compared with the poems of Rowley ; 
but the comparifon is abfurd. The poems of the Cel- 
tic bard were not found in an old cheft, and prefented 
to a people who had never before heard either of them 
or of their author ; they were the popular fongs and 
traditions of ages collefted together, and reduced into 
form, with additions occalionally made by the tranfla- 
tor. It is ridiculous to alk how thefe fongs and (lories 
could be fo long preferved among a rude and illiterate 
people ; for it is only among fuch a people, whofe ob- 
jedls of purfuit are too few to occupy all their atten- 
tion, that the exploits of their anceftors can be handed 
down by tradition; and the moft ferious obje&ion which 
we have ever met with to the tranflator’s account of 
the origin of the poems, arifes from his having pretend- 
ed that he received the greater part of them in old ma- 
nuferipts. 

After the publication of Offian’s poems, by which 
we have reafon to believe that he gained twelve hun- 
dred pounds, Mr Macpherfon was called to an employ- 
ment which withdrew him, for fome time, both from 

the mufes and from his country. Captain Johnftone was 
appointed governor of Penfacola, and Mr Macpherfon <  
accompanied him as his fecretary, being at the lame 
time made furveyor-general of the Floridas. If our 
memory does not deceive us, fome difference arofe be 
tween the principal and his dependant, and they parted 
before their return to England. Having contributed 
his aid to the fettlement of the civil government of that 
colony, he viftted feveral of the Weft India Hands, and 
fome of the provinces of North America, and returned 
to England in the year 1766, where he retained for 
life his falary as furveyor, which we believe was L. 200 
a-year. 

He foon returned to his ftudies, and in 1771 Pr°du- 
ced -An Introduction to the Ilijiory oj Great Britain and^ 
Ireland, 4to ; a work which he fays, “ without any of 
the ordinary incitements to literary labour, he was in- 
duced to proceed in by the foie motive of private a- 
mufement.” The fubjeft of this performance, it might 
reafonably be fuppofed, would not excite any violent 
cofltroverfial acrimony ; yet neither it nor its authoi 
could efcape from feveral moft grofs and bitter invec- 
tives ; for fome of which he perhaps gave too great 
occafion. 

His next performance produced him neither reputa- 
tion nor profit. In 1773 ^ie pnblifhed, "The Iliad of 
Homer, tranflated in two volumes 4to ; a work fraught 
with vanity and felf-confequence, and which met with 
the moft mortifying reception from the public. It was 
condemned by the critics, ridiculed by the wits, and 
neglected by the world. Some of his friends, and pat- 
ticularly Sir John Elliott, endeavoured to refeue it fiom 
contempt, and force it into notice, i heir luccefs was 
not equal to their efforts. 

About this time feems to be the period of Mr Mac- 
pherfon’s literary mortifications. In 1773 Dr Johnion 
and Mr Bofwell made the tour to the Hebrides ; and 
in the courfe of it, the former took fome pains to exa- 
mine into the proofs of the authenticity of Offian. The- 
refult of his inquiries he gave to the public in I775> 
his narrative of the tour ; and his opinion was unfa- 
vourable. “ I believe they (z. e. the poems, fays he),, 
never exifted in any other form than that which we have 
feen. The editor or author never could fhew the ori- 
ginal ; nor can it be {hewn by any other. To revenge 
reafonable incredulity by refufing evidence, is a degiee 
of infolence with which the world is not yet acquaint- 
ed ; and ftubborn audacity is the laft refuge of guilt. 
It would be eafy to {hew it if he had it. But whence 
could it be had ? It is too long to l*e remembered, and 
the language had formerly nothing Vritten. He has 
doubtlefs inferted names that circulate in popular ftories, 
and may have t ran dated fome wandering ballads,if any 
can be found ; and the names and fome of the images, 
being recolledled, make an inaccurate auditor imagine 
that he has formerly heard the whole.” 

Again, he fays, “ I have yet fuppofed no impoftor 
but in the publifher ; yet I am far from certainty, tnat 
fome tranflations have not been lately made, that 

may, 

(a) We have been affured that he had affociates : and that for the defeription of Cuchullin’s chariot in par-- 
ticular he was indebted to Mr Macpherfon of Stramazhie ; a man of native genius, and though not poffeffed o±. 
very extenfive erudition, well acquainted with Gaelic poetry. 
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Macpher- may now be obtruded as parts oi the original 

^Qn~ worh. v '"'' “ Credulity on the one part is a ftrong temptation 
to deceit on the other, efpecially to deceit of which.no 
perfonal injury is the confequence, and which flatters 
the author with his own ingenuity. The Scots have 
fomething to plead for their eafy reception of an im- 
probable Action : they are feduced by their fondnefs for 
their fuppofed anceftors. Neither ought the Englilh to 
be much influenced by Scots authority ; for of the paft 
and prefent ftate of the whole Erfe nation, the Low- 
landers are at leaft as ignorant as ourfelves. To be ig- 
norant is painful ; but it is dangerous to quiet our un- 
eaiinefs by the deluflve opiate of hafty perfuaflon.” 

Thefe reafonings, if reafonings they can be called, 
might have been eaflly anfwered, had not Macpherfon 
pretended to the poffeffion of at leaft one manufcript 
which certainly never exifted. He did, however, at- 
tempt to anfwer them ; but adopted a mode of pro- 
ceeding which tended only to convince the world that 
Johnfon’s opinion had fome foundation, and that the 
editor of Offian had more imagination than foundjudge- 
ment. Prompted by his evil genius, he fent a menacing 
letter to his illuftrious amagonift, which produced the 
following brief but fpirited reply : 

“ Mr James Macpherfon, No date. 
“ I received your foolifh and impudent letter. Any 

violence that lhall be offered to me, I will do my beft 
to repel ; and what 1 cannot do for myfelf, the law 
ftiall do for me ; for I will not be hindered from expo- 
fing what I think a cheat, by the menaces of a ruffian. 
What ! Would you have me retradl ? I thought your 
work an impofition : I think fo ftill ; and, for my opi- 
nion, I have given reafons, which I dare you to refute. 
Your abilities, fmce your Homer, are not fo formidable ; 
and what I hear of your morality, inclines me to believe 

- rather what you ffiall prove than what you fliall 
fay.” 

Whether this letter fhewed to Macpherfon the im- 
prudence of his condudf, or that he had been made fen- 
tible of his folly by the interpofltion of friends, we 
know not, but certain it is, we bear no more afterwards 
of this ridiculous affair, except that our author is fup- 
pofed to have afllfled Mr Macnicol in an anfwer to Dr 
Johnfon’s Tour, printed in 1779. This fuppofition 
we are enclined to eonflder as well-founded, becaufe we 
have been told by a gentleman of veracity, that Mr 
Macnicol affirms, that the fcurrility of his book, which 
conftitutes a great part of it, was inferted, unknown to 
him, after the manufcript was fent for publication to 
London. 

In 1775 Mr Macpherfon publifhed The Hijlory of 
Great Britain from the Rejloraticn to the Acceffion of the 
Houfe of Hanover, in two volumes qto ; a work in our 
opinion of great merit, though by one party it has been 
induftrioufly, and, we are forry to add, too fuccefsfully, 
decried. As an hiftorian, our author could not indeed 
boaft the attic elegance of a Robertfon, the fplendour 
of a Gibbon, or the philofophical profundity of a Hume; 
but h.\s Jlyle, though it has fometimes been the avowed, 
was not the real, caufe of the coldnefs with which his 
hiftory was received. The writer of this flcetch once 
faw a gentleman of rank, and of the Whig intereft, 

^ turn over one of Macpherfon’s volumes, and heard him 

fay, upon (hutting the book, “ I cannot bear thstM«cphcr. 
work.” He was afked if he thought the narrative *0I1> 

falfe ? and he replied, “ No ! it is too true ; but I can- 
not bear it, becaufe it gives me a bad opinion of thofe 
great men to whom I have been accuftomed to look 
back with reverence as to the faviours of my coun- 
try.” 

That it has been abhorred by' others on the fame ac- 
count, we have not a doubt ; and yet language has no 
name too contemptuous for thofe who will not tollow 
Truth whitherfoever fhe may lead them ; or who, on 
the abfurd pretence of having already made up their 
minds, will not lludy the evidence on both ftdes of a 
difputed queftion in our national hiftory . A man needs 
not furely difapprove of the Revolution, or of the fub- 
fequent fettlements, though he ffiould And complete 
proofs that Dauby and Sunderland were crooked poli- 
ticians, that Marlborough was ungrateful, or even that 
King William himfelf was not that upright and difln- 
terefted charafter which from their infancy they have 
been taught to believe. It is no uncommon thing for 
Divine Providence to accompliffi good ends by wicked 
inftruments. Every Proteftant furely confiders the Re- 
formation as one of the moll bleffed events that have ta- 
ken place in the world Ance the ftrft preaching of the 
gofpel of Chrift ; yet he would be a hardy champion 
who Ihould undertake to vindicate the motives which 
influenced the conducft of the Arft reformers—of Hen- 
ry VIII. for Alliance, or even of Luther himfelf. And 
why may not the Revolution be conAdered as in the 
higheft degree beneAcial to the country, though the 
condudl of fome of thofe who brought it about Ihould 
be found to be fuch as Macpherfon reprefents it ? 

That author certainly adled with great fairnefs ; as 
together with the hiftory he publifhed the proofs upon 
which his fails were founded, in two quarto volumes, 
intitled, Original Papers, containing the fecret Hijlory of 
Great Britain, from the Re/loration to the Accejfion of the 
Houfe of Hanover ; to ‘which are perfxed, Exlratls from 
the Life of James II. as written by himfelf. Thefe pa- 
pers were chiefly colledled by Mr Carte, but are not all 
of equal authority They, however, clear up many ob- 
fcurities, and fet the characters of many perfons in paft 
times in a different light from that in which they have 
been ufually viewed. On this account we have no he- 
fitation tp fay, that he wdio is capable of facriilcing pre- 
judice to truth, and wilhes to underiland the politics of 
the reigns of James, and William, and Anne, ihould 
lludy with care the volumes of Macpherfon. 

Soon after this period, the tide of fortune flowed 
very rapidly in Mr Macpherfon’s favour, and his ta- 
lents and induftry were amply fufficient to avail hitnfelf 
of every favourable circumllance which arofe. The 
reflftance of the Colonies called for the aid of a ready 
writer to combat the arguments of the Americans, and 
to give force to the reafons which influenced the con- 
dudl of government, and he was felefted for the purpofe. 
Among other things (of which we Ihould be glad to 
receive a more particular account), he wrote a pamph- 
let, which was circulated with much induftry, intitled, 
The Rights of Great Britain ajferted againjl the Claims 
of the Colonies ; being an Anfwer to the Declaration of the 
General Congrefs, 8vo, 1776, and of which many 
editions were publilhed. He alfo was the author of 
A Jhort Hijlory of Oppofiiion during the lajl Seffion of 

Parliament, 





* 

6 



MAC [ii 
Metier. Parliament, 8vo, 1779 s a pamphlet which, on account 

f<‘n- of its merit, was by many afcribed to Mr Gibbon. 
-v  ]3ut a more lucrative employment was conferred on 

him about this time. He was appointed agent to the 
nabob of Arcot, and in that capacity exerted Ids talents 
in feveral appeals to the public in behalf of his client. 
Among others, he publifhed, Letters from Mahommed 
Jli Chan, Nabob of Arcot, to the Court of Direttors ; 
to which is annexed, a State of b atts relative to Tanjore, 
with an Appendix of Original Papers, 4to, 1777 ; and 
lie was fuppofed to be the author of T*he Hijlory and 
Management of the Eajl India Company from its Origin 
in 1600 to the prefent Times, vol. i. containing the af- 
fairs of the Carnatic, in which the rights of the nabob 
are explained, and the injuftice of the Company proved, 
4to, 1779- 

In his capacity of agent to the nabob, it was proba- 
bly thought requifite that he ihould have a feat in the 
Britifh Parliament. He was accordingly in 1780 cho- 
fen member for Camelford; but we do not lecollect that 
he ever'attempted to fpeak in the Houfe. He was alfo 
rechofen in 1784 and 1790. 

He had purchafed, we think before the year 1790, 
an eftate in the parifh in which he was born; and chan- 
ging its name from Ret% to lielville, built on it a large 
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and elegant manfion, commanding a very romantic and Macpher- 
pi&urefque view; .and thither he retired, when his Ma°'^a> 
health began to fail, in expe&ation of receiving benefit 
from the change of air. He continued, however, to 
decline ; and after lingering fome time, died at his feat 
at Belville, in Invernefs, on the 17th of February 
I79^- 

He appears to have died in very opulent circumftan- 
ces ; and by his will, dated June 1793, gave various 
annuities and legacies to feveral perfons to a great a- 
mount. He alfo bequeathed L.iooo to John Macken- 
zie of Figtree Court, in the Temple, London, to de- 
fray the expence of printing and publiihing Ofiian in 
the original. Fie diretFed L. 300 to be laid out in 
erecting a monument to his memory in fome confpicu- 
ous fituation at Belville, and ordered that his body 
fliould be carried from Scotland, and interred in the 
Abbey Church of Weftminller, the city in which he 
had paffed the beft part of his life. His remains were 
accordingly taken from the place where he died, and 
buried in the Poets Corner of Weftminfter Church. 

MAGMAis properly the refufe of any fubftance which 
has been fubje&ed to preffure; but, in chemiftry,the term 
is fometimes ufed to denote a mixture of two or more 
bodies, reduced to the confidence of dough or pafte. 

MAGNETISM, 

r 
’N natural philofophy.—Our intention in the prefent 
■ article was principally to give a more diftindl account 

of the theory of Mr ^Epinus than is contained in the 
article Magnetism of the Encyclopiedia Britannica, re- 
ferring for proof and illuftration to the many fa£ts con- 
tained in that article : but, on more mature confidera- 
tion, we concluded, that this method would fret and 
confufe the reader by continual references, and leave but 
a feeble impreffion at laft. We have therefore prefer- 
red the putting the whole into the form of a fiioit tiea- 
tife on magnetilm, fimilar to our fupplementary article 
of Electricity. This, we hope, will be more per- 
fpicuous and fatisfaftory ; ftill leaving to the reader the 
full ufe of all the information contained in the article 
Magnetism of the Di&ionary. 

Rrafons The knowledge which the ancient naturalifts pofiefT- 
why the ed of this fubjeft was extremely imperfect, and affords, 
ancient*! we. think, the flrongeft proof of their ignorance of the 
"ere true method of philofophifing ; for there can hardly be 
“l named any objeft of phyfical refearch that is more cu- 
phiiofophy. rious in itfelf, or more likely to engage attention, than 

the apparent life and a£iivity of a piece of rude unor- 
ganifed matter. This had attrafted notice in very ear- 
ly times ; for Thales attributed the charaaeriftic phe- 
nomenon, the attraaion of a piece of iron, to the agen- 
cy of a mind or foul refiding in the magnet. Philofo- 
phers, as they were called, feem to have been contented 
with this lazy notice of a flight fuggeftion, unbecoming 
an inquirer, and rather fuch as might be expeaed from 
the moft incurious peafant. Even Ariftotle, the moft 
zealous and the moll fyflematic fludent of Nature of 
whofe labours we have any account, has colleaed no in- 
formation that is of any importance. We know that the 
general imperfeaion of ancient phyfics has been afcribed 
to the little importance that was attached to the know- 

ledge of the material world by the philofophers of 
Greece and Rome, who thought human nature, the ac- 
tive purfuits of men, and the fcience of public affairs, 
the only objedls deferving their attention. Mofl of the 
great philofophers'of antiquity were alfo great aftors on 
the ftage of human life, and defpifed acquifitions which 
did not tend to accomplifh them for this dignified em- 
ployment : but they have not given this reafon them- 
felves, though none was more likely to be uppermoft in 
their mind. Socrates diffuades from the fludy of mate- 
rial nature, not becaufe it was unworthy of the atten- 
tion of his pupils, but becaufe it was too difficult, and 
that certainty was not attainable in it. Nothing can 
more diftinftly prove their ignorance of what is really 
attainable in fcience, namely, the knowledge of the laws 
of nature, and their ignorance of the only method of ac- 
quiring this knowledge, viz. obfervation and experi- 
ment.° They had entertained the hopes of difeovering 
the caufes of things, and had formed their philofophical 
language, and their mode of refearch, in conformity 
with this hopclefs projecl. Making little advances in 
the difeovery of the caufes of the phenomena of mate- 
rial nature, they deferted this ftudy for the iludy of the 
conduct of man ; not becaufe the difeovery of caufes 
was more eafy and frequent here, but becaufe the ftudy 
itfelf was more immediately interefting, and becaufe any 
thing like fuperior knowledge in it puts the poftefibr in. 
the definable fituation of an advifer, a man of fuperior 
wifdom ; and as this ftudy was clofely connecled with 
morals,, becaufe the fear of God is truly the beginning 
of wifdom, the character of the philofopher acquired an 
eminence and dignity which was highly flattering to 
human vanity. Their procedure in the moral and in- 
telledlual fciences is ftrongly marked with the fame ig- 
norance of the true method of philofophifing ; for we 

rarely 
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rarely find them forming general propofitions on copi- 
ous inductions of faCts in the conduCt of men. They 
always proceed in the fynthetic method, as if they were 
fully converfaut in the firft principles of human nature, 
and had nothing to do but to make the application, ac- 
cording to the eftablifhed forms of logic. While we ad- 
mire, therefore, the fagacity, the penetration, the can- 
'did Obfervation, and the happy illuflration, to be found 
m the works of the ancient moralifts and writers on ju- 
rifprudence and politics, we cannot but lament that fuch 
great men, frequently engaged in public affairs, and 
therefore having the fined opportunities for deducing 
general laws, have done fo little in this way ; and that 
their writings, however engaging and precious, cannot 
be confidered as any thing more refined than the obfer- 
vatious of judicious and worthy men, with all the dif- 
fufenefs and repetition of ordinary converfation. All 
this ha^ arifen from the want of a jud notion of what is 
attainable in this department of fcience, namely, the 
laws of intellectual and moral nature ; and of the only 
poffible method of attaining this knowledge, viz. ob- 
fervation and experiment, and the formation of general 

5 laws by the induction of particular faCts. 
Dr Gilbert We have been led into thefe reflections by the mat- 
was the firfl tention of the ancients to the curious phenomena of 
expenmen- magnetifm ; which mud have occurred in confiderable 

abouMTiag-- and entertaining variety to any perfon who had taken 
netifnx. ^ to the experimental method. And we have hazarded 

thefe free remarks, expeCting the acquiefcence of our 
readers, becaufe the fuperior knowledge which we, in 
thefe later days, have acquired of the magnetical phe- 
nomena, were the fird fruits of the true method of phi- 
lofophifing. This was pointed out to the learned world 
in 1590 by our celebrated countryman Chancellor Ba- 
con, in his two great.works, the Novum Orgamm Seim- 
tiarum, and De Arguments Scientiarum. Dr Gilbert of 
Colcheder, a philofopher of eminence in many refpeCts, 
but chiefly becaufe he had the fame jud views of philo- 
fophy with his noble countryman, publifhed about the 
fame time his Phyfiologia Nova, feu Traclatus de Mag- 
nete et Corporibus Magneticis. In the introduftion, he 
recounts all the knowledge of the ancients on the fub- 
jeCt, and their fupine inattention to what was fo entirely 
in their hands ; and the impofiibiiity of ever adding to 
the dock of ufefnl knowledge, fo long as men imagined 
themfelves to be philofophifing while they were only 
repeating a few cant words, and the unmeaning phrafes 
of the Aridotelran fchool. It is curious to remark the 
aimed perfeCt famenefs of Dr Gilbert’s fentiinents and 
language with thofe of Lord Bacon. They both charge, 
in a peremptory manner, all thofe who pretend to in- 
form others, to give over their dialectic labours, which 
are nothing but ringing changes on a few trite truths, 
and many unfounded conjectures, and immediately to 
betake themfelves to experiment. He has purfued this 
method on the fubjeCt of magnetifm with wonderful ar- 
dour, and with equal genius and fuccefs ; for Dr Gil- 
bert was poffefifed both of great ingenuity, and a mind 
fitted for general views of things. The work contains 
a prodigious number and variety of obfervations and ex- 
periments, colleCted with fagaeity from the writings of 
others, and indituted by himfelf with confiderable ex- 
pence and labour. It would indeed be a miracle, if all 
Dr Gilbert’s general inferences were juft, or all his ex- 

periments accurate. It was untrodden ground. But, 
on the whole, this performance contains more real in- 
formation than any writing of the age in which he li- 
ved, and is fcarcely exceeded by any that has appeared 
fince. We may hold it wu’th juftice as the firft fruits of 
the Baconian or experimental philofophy. 

This work of Dr Gilbert’s relates chiefly to the load- 
ftone, and what we call magnets, that is, pieces of fteel 
which have acquired properties fimilar to thofe of the 
loadftone. But he extends the term magnetifm, and the 
epithet magnetic, to all bodies which are afteCted by 
loadftones and magnets in a manner fitnilar to that in 
which they affeCt each other. In the courfe of his in- 
veftigation, indeed, he finds that thefe bodies are only 
fuch as contain iron in fome ftate or other : and in pro- 
ving this limitation he mentions a great variety of phe- 
nomena wTich have a confiderable refemblance to thofe 
which he allows to be magnetical, namely, thofe which 
he called eleBrical, becaufe they were produced in the 
fame way that amber is made to attraft and repel light 
bodies. He marks with care the diftin&ions between 
thefe and the chara&eriftic phenomena of magnets. He 
feems to have known, that all bodies may be rendered 
eleftrical, while ferruginous fubftances alone can be 
made magnetical. 

It is not faying too much of this work of Dr Gil- 3 

bert’s to affirm, that it contains almoft every thing that ! 

we know about magnetifm. His unwearied diligence many dif- 
in fearching every writing on the fubjeft, and in get- coveries. 
ting information from navigators, and his inceflant oc- 
cupation in experiments, have left very few fafts un- 
known to him. We meet with many things in the 
writings of pofterior inquirers, fome of them of high 
reputation, and of the prefent day, which are publifhed 
and received as notable difeoveries, but are contained in 
the rich colledlion of Dr Gilbert. We by no means 
aferibe all this to mean plagiarifm, although we know 
traders in experimental knowledge who are not free 
from this charge. We aferibe it to the general indo- 
lence of mankind, who do not like the trouble of con- 
fulting originals, where things are mixed with others 
which they do-not want, or treated in a way, and with 
a painful minutenefs, which are no longer in fafhion. 
Dr Gilbert’s book, although one of thofe which does 
the higheft honour to our country, is lefs known in Bri- 
tain than on the continent. Indeed we know but of 
two Britifh editions of it, which are both in Latin ; 
and we have feen five editions publiflied in Germany 
and Holland before 1628. We earnefily recommend 
it to the perufal of the curious reader. He will (be- 
fides the found philofophy) find more fafts in it than 
in the two large folios of Scarella. 

After this moft deferved eulogy on the parent of 
magnetical philofophy, it is time to enter on the fub- 
jeft. 

In mechanical philofophy, a phenomenon is not to be We Can on. 
confidered as explained, unlefs we can fliew that it islyclafsthe 
the certain refult of the laws of motion applied to mat-phenome- 
ter. It is in this way that the general propofitions inna* 
phyfical aftronomy, in the theory of machines, in hy- 
draulics, &c. are dernonftrated. But the phenomena 
called magnetical have not as yet obtained fuch an ex- 
planation. We do not fee their immediate caufe, nor 
can we fay with confidence that they are the dfeds of 

any 
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any particular kind of matter, a&ing on the bodies ei- 
ther by impulfion or preflure. 

All that can be done here is to clafs the phenomena 
in the moll diilinft manner, according to their genera- 
lity. In this we obtain a two-fold advantage. We 
may take it for granted that the moll general pheno- 
menon is the neareil allied to the general caufe. But, 
farther, we obtain by this method a true theory of all 
the fubordinate phenomena. l or a juft theory is only 
the pointing out the general fad of which the pheno- 
menon under conlideration is a particular inllance. Be- 
ginning therefore with the phenomenon which compre- 
hends all the particular cafes, we explain thofe cales in 
fhewing in what manner they art included in the general 
phenomenon, and thus we ihail be able to predict what 
will be the refult of putting the body under coniidfera- 
tion into any particular lituation. And perhaps we may 
find, in them all, coincidences which will enable us to 
Ihew that they are all modifications of a fact Hill more 
general. If we gain this point, we ft rail have eftablilh- 
ed a complete theory of them, having difcovered the 
general fad in which they are all comprehended. 
Should we for ever remain ignorant of the caufe of this 
general fad, we have neverthelefs rendered this a com- 
plete branch of mechanical theory. Nay, we may per- 
haps difcover fuch eircumftances of refemblance between 
this general fad and others, with which we are better 
acquainted, that we ftiall, with great probability at 
leaft, be able to afiign the caufe of the general fad it- 
felf, by Ihewing the law of which it is a particular in- 
flance. 

We {hall attempt this method on the prefent occa- 
^ fion. 

\ lead- The leading fads in magnetifm are the two follow- 
fadt. ing : 

'tf ft"* 1' ^ any °klong Piece of iron, fuch as a bar, rod, or 
irticular wl're, ^ can aflume any diredion, it 
don. will arrange itfelf in a certain determinate diredion 

with refped to the axis of the earth, dims, if, in any 
part of Briton, an iron or Heel wire be thruil through 

’late a piece of cork, as reprefented in fig. i. fo as that the 
X\1V. whole may fwim level in water, and if it be laid in the 

water nearly north-weft and fouth-eaft, it wrill flowly 
change its pofition, and finally fettle in a diredion, ma- 
king an angle of about 25 degrees with the meridian. 

This experiment, which we ow'e to Dr Gilbert (fee 
B. I. ch. 11.), is delicate, and requires attention to 
many circumftances. The force with w’hich tire iron 
tends toward this final pofition is extremely weak, and 
will be balanced by very minute and otherwife infenfi- 
ble refiftances; but we have never found it fail when 
executed as here direded. An iron wire of the fize 
of an ordinary quill, and about eight or ten inches long, 
is very fit for the purpofe. It fhould be thruft through 
the cork at right angles to its axis; and fo adjufted, by 
repeated trials, as to fwim level or parallel to the hori- 
zon. The experiment muft alfo be made at a great 
diftance from all iron ; therefore in a bafon of fome 
other metal or earthen ware. It may fometimes require 
a very long while before the motion begin; and if the 
wire has been placed at right angles to the diredion 
which w'e have mentioned as final, it, will never change 
its pofition : therefore w^e have direded it to be laid in 
a diredion not too remote, yet very fenfibly different 
from the final diredion. 

Suppl. Voi.. II. Part I. 
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But this is not the true pofition affeded by the iron 

rod. If it be thruft through a, piece of wood or cork 
perfedly fpherical, in fuch a manner that it pafies thro’ 
its centre, and if the centre of gravity coincide with 
this centre, and the whole be of fuch weight as to re- 
main in any part of the water without either afeend- 
ing or defeending, then it will finally fettle in a plane 
inclined to the meridian about 25°, and the north end 
will be deprefied about 730 below the horizon. 

All this is equivalent with faying, that if any oblong 
piece of iron or fteel be very nicely poifed on its centre 
of gravity, and at perfed liberty to turn round that 
centre in every diredion, it will finally take the pofi- 
tion nowr mentioned. 

We have farther to obferve with regard to this ex- 
periment, that it is indifferent which end of the rod he 
placed toward the north in the beginning of the expe- 
riment. That end will finally fettle toward the nortli; 
and if the experiment be repeated with the fame rod, 
but with the other end north, it will finally fettle in 
this new attitude. It is, however, not always that we 
find pieces of iron thus perfedly indifferent. Very fre- 
quently one end affeds the northerly pofition, and we 
cannot make the other end affume its place : the caufes 
of this difference will be clearly feen by and bye. 6 

The pofition thus affeded by a rod of iron is called ^AGNETU 

by Dr Gilbert the magnetical position or direc-^'n
posi” 

tion. It is not the fame, nor parallel in all parts of 
the earth, as will be more particularly noticed after- 
wards. 7 

2. The other leading fads is this : When a piece ofSeco,!<^a<^* 
iron, lying in the magnetical pofition, or nearly fo, 
at perfed liberty to move in every diredion, is ap-rCpeisiroa> 
preached by another oblong piece of iron, held nearly 
in the fame pofition, it is attraded by it ; that is, the 
moveable piece of iron will gradually approach to the 
one that is prefented to it, and will at !aft come into 
contad with it, and may then be flowly drawn along 
by it. 

This phenomenon, although not fo delicate as the 
former, is ftill very nice, beeaufe the attradion is fo 
weak that it is balanced by almoft infenfible obftruc- 
tions. But the experiment will fcarcely fail if eon- 
duded as follows : Let a ftrong iron wire be made to . 
float on water by means of a piece of cork, in the man- 
ner already deferibed, having one end under water. 
See fig. 1. B. 

When it is nearly in the magnetical pofition, bring 
the end of a pretty big iron rod, fuch as the point of a 
new poker, within a quarter of an inch of its fouthern 
end (holding.the poker in a pofition not very different 
from the magnetical pofition), and hold it there for fome 
time, not exadly fouthward from it, but a little to one 
fide. The floating iron will be obferved to turn to- 
wards it with an accelerated motion ; will touch it, and 
may then be drawn by it through the water in any di- 
redion. We fhall have the fame refult by approaching 
the northern extremity of the floating iron with the 
upper end of the poker. 

The fame phenomenon may be obferved by fufpend- 
ing the firft piece of iron by its middle by a long and 
flender hair or thread. The fufpenfion mufl be long, 
otherwife the fliffnefs of the hair or thread may be fuf- 
ficient for balancing the very fmall force with which the 
pieces of iron tend toward each other. The phenome-. 

F non 
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non may alfo be obferved m a piece of iron which 
turns freely on a fine point, like the needle of the ma- 
riner’s compafs. 

In this, as in the former experiment, the ends of the 
pieces of iron are obferved, in general, to be indifferent ; 
that is, either end of the one will attraft,either end of 
the other. It often happens, however, .that the ends 
are not thus indifferent, and that the end of the move- 
able piece of iron, inftead of approaching the other, will 
be obferved to recede from it, and appeat to avoid it. 
We fhall foon learn the caufe of this-difterence in the 

8 ftates of iron. 
This a&ion It is fcarcely neceff.iry to remark, that we muft in- 
»utuai. fer from thefe experiments, that the adlion is mutual 

between the two pieces of iron. Either of them may be 
the moveable piece which approaches the other, mani- 
fefting the attraction of that other. This reciprocity 
of aCtion will be abundantly verified and explained in its 
proper place. 

Not pecu- Thefe two fadfs wrere long thought to be peculiar to 
liar to mag-loadftones and artificial magnets, that is, pieces of iron 
rets or load- which have acquired this property by certain treatment 

with loadftones ; but they were difcovered by Dr 
Gilbert -to be inherent in all iron in its metallic ftate ; 
and were thought by him to be neceffary confequences 
of a general principle in the conftitution of this globe. 
Thefe phenomena are indeed much more confpicuous 
in loadftones and magnets; and it is therefore with fuch 
that experiments are heft made for learning their various 
modifications. 

-d „ -10. But there is another circumftance, befides the degree 
isindiffe- °f vivacity, in which the magnetum of common iron 

and fteel remarkably differs from that of a loadftone or 
magnet. When a loadftone or magnet is fo fypported 
as to be at liberty to take any pofition, it arranges it- 
felf in the magnetical direction, and one determined end 
of it fettles in the northern quarter; and if it be placed 
fo that the other end is in that fituation, it does not re- 
main there, but gradually turns round, and, after a few 
ofcillations, the fame end ultimately fettles in the north. 
This is diftinCtly feen in the needle of the mariner’s 
compafs, which is juft a fmall magnet prepared in the 
fame Way with all other magnets. The feveral ends of 
loadftones or magnets are thus permanently the north 
or the fouth ends; whereas we faid that either end of a 
piece of common iron being turned to the northern 
quarter, it finally fettles there. 

It is this circumftamfe which has rendered magnetifm 
fo precious a difcovery to mankind, by furnifhing us 
with the compafs, an inftrument by which we learn the 
different quarters of th$ horizon, and which thus tells the 
direction of a fliip’s courfe through the pathlefs ocean 
(fee Compass and Variation, Encycl.); and alfo 
mews us the diredfions of the veins and workings in the 
deepeft mines. It w'as natural therefore to call thofe 
the north and fouth ends qf the mariner’s needle, or of 
a loadftone or magnet. Dr Gilbert called them the 
poles of the loadftone or magnet. He had found it 
convenient for the propofed train of his experiments to 
form his loadftones into fpheres, which he called ter- 
rella:, from their refemblance to this globe ; in which 
cafe the north and fouth ends of his loadftones were the 
poles of the terrellas. He therefore gave the name pole 
to that part of any loadftone or magnet which thus 
turned to the north or fouth. The denomination was 

rent, and 
momenta- 
ry, and in 
loadftqnes 
it is fixed 
and deter- 
minate. 

adopted by all fubfequent writers, and now makes a 
term in the language of magnetifm. 

Alfo, when we approach either end of a -piece of 
iron A to either end of another B, thefe ends mutually 
attract ; or if either end of a magnet A be brought 
near either end of a piece of common iron, they mu- 
tually attradl each other. But if we bring that end of 
a magnet A which turns^to the north near to the firni- 
lar end of another magnet B, thefe ends will not attradf 
each other, but, on the contrary, will repel. If the 
two magnets are made to float on pieces of wood, and 
have their north poles fronting each other, the magnets 
will retire from each other ; and in doing fo, they ge- 
nerally turn round their axis, till the north pole of one 
front the fouth pole of the other, and then they run to- 
gether. This is a very notable diftinCtion between the 
magnetifm of magnets and that of common iron ; and 
whenever we fee a piece ot iron ftiew this permanent 
diftinCtion of its ends, we muft confider it as a magnet, 
and conclude that it has met with fome peculiar treat- 
ment. 

It is not, however, ftridtly true, that the poles of 
loadftones or magnets are fo fixed in particular parts of 
their fubftance, nor that the poles of the fame name fo 
conftantly repel each other ; for if a fmall or weak mag- 
net A have its pole brought near the fimilar pole of a 
large or ftrong magnet B, they are often found to at- 
tract when almoft touching, although at more conlider- 
able diftances they repel each other. But this is not 
an exception to the general propofition ; for when the 
north pole of A is thus attracted by the north pole of 
B, it will be found by other trials to have all the qua- 
lities of a fouth pole, while thus in the neighbourhood 
of the north pole of B. 

The magnetic properties and phenomena are conve- 
niently diftinguifhed into thofe of force and of pola-force and 
rity. Thofe of the firft clafs only were known to the polahitt. 
ancients, and even of them their knowledge was ex- 
tremely fcanty and imperfeCt. They may all be clafted 
under the following general propofitions. 

1. The fimilar poles of two magnets repel each other 
with a force decreafing as the diitances increafe. poles re. 

2. The dilfimilar poles of two magnets attraft eachpel, and 
other with a force decreafing as the diftances increafe. diflimilar 

3. Magnets arrange themfelves in a certain determi-^^ 
nate pofition with refpeCt to each other. other. 

The firft objeft o,f refearch in our further examina- 14 
tion of thefe properties is the relation which is obfer-T!ie laW 

ved to obtain between the diftances of the adding poles^ 
and their force of adlion. This has accordingly occu-puifion is 
pied much attention of the philofophers, and numherlefsof difficu!t 

experiments have been made in order to afcertain the,”ve^a’ 
law of variation, both of the attraddion and the repul-tlon‘ 
fton. A great number of thefe have been narrated in 
the article Magnetism of the Encycl. from which it 
appears that it has been a matter of great difficulty, and 
had not been afcertained with certainty or precifion 
when that article was publiftied. It is obvious, from 
the nature of the thing, that the determination is very 
difficult, and the inveftigation very complicated. We 
can only obferve the fimultaneous motion of the whole 
magnet ; yet we know that there are four feparate ac- 
tions coexifting and contributing in different direddions, 
and with different forces, to the fenfible effedd. The 
force which we meafure, in any way whateyer, is com- 

pounded 
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■pounded of four different forces, which v/e cannot fe- 
parate and meafure apart ; for the north pole of A re- 
pels the north pole of B, and attra&s its fouth pole, 
while the fouth pole of A exerts the oppofite forces on 
the fame poles of B. The attra&ion which we obferve 
is die excefs of two unequal attractions above two un- 
equal repulfions. The fame might be faid of an obfer- 
ved repulfion. Nay, the matter is incomparably more 
complicated than this ; becaufe, for any thing that we 
know, every particle of A ads on every particle of B, 
and is aCted on by it ; and the intenfity of thofe aCtions 
may be different at the fame diffances, and is certainly 
different when the diftances are fo. Thus there is a 
combination of an unknown number of aCtions., each of 

• which is unknown individually, both in direction and 
intenfity. The precife determination is therefore, in 
all probability, impoffible. By precife determination, 
we mean the law of mutual aCtion between two mag- 
netic particles, or that precife funCtion of the diftance 
which defines the intenfity of the force ; fo that mea- 
furing the diftance of the aCting particles on the axis of 
a curve, the ordinates of the curve may have the pro- 
portions of the attractions and repulfions. 

It is almoft needlefs to attempt any deduction of the 
law' of variation from the numerous experiments which 
have been publiflied by different philofophers. An 
ample collection of them may be feen in Scarella’s trea- 
tife. Mr Mufchenbroek has made a prodigious num- 
ber; but all are fo anomalous, and exhibit fuch difl’e- 
rent laws of diminution by an increafe of diftance, that 
we may be certain that the experiments have been in- 
judicious. Attention has not been paid to the proper 
objeCts. Magnets of moft improper fiiapes have been 
employed, and of moft diffufe polarity. No notice has 
been taken of a circumftance which, one fhould think, 
ought to have occupied the chief attention ; namely, 
the joint aCtion of four poles, of which the experiment 
exhibits only the complex refult. A very flight reflec- 
tion might have made the enquirer perceive, that the 
attractions or repullions are not the mod proper phe- 
nomena for dedaring the precife law of variation ; be- 
caufe what we obferve is only the excefs of a fmall dif- 
ference of attractions and repulfions above another fmall 
difference. Mr Hawklbee and Dr Brook Taylor em- 
ployed a much better method, by obferving the devia- 
tions from the meridian which a magnet occafloned in 
a compafs needle at different diftances. This is occa- 
fioned by the difference of the two fums of the fame 
forces ; and this difference may be made a hundred 
times greater than the other. But they employed mag- 

^ nets of moft improper fhapes. 
dicious We muft except from this criticifm the experiments 
3eri- of Mr Lambert, recorded in the Memoirs of the Aca- 

^Lam demy f°r 1756, publiftied in 1758. This 
rt- ' moft fagacious philofopher (for he highly merits that 

name) placed a mariner’s needle at various diftances 
from a magnet, in the direCHon of its axis, and obfer- 
ved the declination from the magnetic meridian produ- 
ced by the magnet, and the obliquity of the magnet to 
the axis of the needle. Thus was the action of the 
magnet fet in oppofition and equilibrium with the natu- 
ral polarity of the needle. But the difficulty was to 
difcover in what proportion each of thefe forces was 
changed by their obliquity of aCtion on this little lever. 

T I S M. nj ' 
No man excelled Mr Lambert in addrefs in deviling 
methods of mathematical inveftigation. He obferved, 
that when the obliquity of the magnet to the axis of 
the needle was 30°, it caufed it to decline 1 50. When 
the obliquity was 75'’, the diftance being the fame, it 
declined 30°. Call the obliquity 0, and the declination 
d, and let /'be that funClion of the angle which is pro- 
portionable to the a&ion. Alfo let /> be the natural 
polarity of the needle, and rn the force of the magnet. 
It is evident that 

/> X/, 15 = m Xf, 30 
Andp intzzfi 30 15 j for the fame reafon 

/ : m =/, 75 :/, 30 
Therefore/, 15 :/30 =/, 30 :/, 750. 

But it is well know'll that 
Sine 15 : Sine 30 rr Sine 30 : Sine 75. 

Hence Mr Lambert was led t < conjeCture, that the fine 
was that funCtion of the angle which was proportional 
to the aCtion of magnetifm on a lever. But one expe- 
riment was infufficient for determining this point. He 
made a fimilar comparifon of feveral other obliquities 
and declinations with the fame diftances of the magnet, 
and alfo with other diftances; and he put it pall all 
difpute, that his conjecture was juft. 

Had Mr Lambert’s experiments terminated here, it 
mull be granted that he has made a notable difcovery in 
the theory of the intimate nature of magnetifm. It com- 
pletely refutes all the theories which pretend to explain 
the aftion of the magnet by the impulfion of a ftre’am of 
fluid, or by preffure arifing from the motion of fuch a 
ftream ; for in this cafe the preffure on the needle muft 
have diminilhed in the duplicate^atio of the fine. The 
direClive power with the angle 90 muft be 4 times 
greater than with the angle 30° ; whereas it was obfer- 
ved to be only two’ce as great- Magnetifm does not 
aCt therefore by the impuliion or preffure of a ftream of 
fluid, but in the manner of a Ample incitement, as we 
conceive attraction or repulfion to aft. 

Having afcertained the effeCt of obliquity, Mr Lam- 
bert proceeded to examine the effeCt of diftance ; and, 
by a moft ingenious analyfis of his obfervations, he dif- 
covered, that if w^ reprefent the force of the magnet 
by /", and the diftance of the neareft pole of the magnet 
from the centre of the needle by t, and if a be a conftant 
quantity, nearly equal to two-thirds of the length of 
the needle, w-e have/proportional to ^—az. 

Mr Lambert found this hold with very great exaCl- 
nefs wdth magnets ten times larger, and needles twice 
as fiiort. But he acknowledges, that it gives a very 
lingular refult, as if the aClion of a magnet were exerted 
from a centre beyond itfelf. He attributes this to its 
true caufe, the flill great complication of the rcfult, 
arifing from the aClion of the remote pole of the mag- 
net. He therefore takes another method of examina- 
tion, which w'e fhall underftand by and bye, wdien we 
confider the diredive power of a magnet. We have 
mentioned this imperfeCt attempt chiefly on account of 
the unqueftionable manner in which he has afcertained 
the effeCl of obliquity, and the importance of this de- 
termination. 

We have attempted this inveftigation in a very Ample 
manner. We got fome magnets made, confiding of two 
balls connected by a flender rod. By a very particular 
mode of impregnation, we gave them a pretty good 

I* 2 magnet- ^ 
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magnetifm ; and the force of each pole feemed to refide 
almoft in the centre of the ball. This was onr object 
in giving them this ihape. It reduced the examination 
both of the attractive and of the diredtive power to a 
very eafy computation. The refult was, that the force 
of each pole varied in the inverfe duplicate ratio of the 
diftance The error of this hypothefis in no cafe a- 
rnounted to whole. In computing for the 
phenomena of the diredtive power, the irregularities 
and deviations from this ratio were much fmaller. 

The previous knowledge of this fundtion would great- 
ly expedite and facilitate our farther inveftigation ; but 
we muft content • ourfelves with a very imperfect ap- 
proximation, and with arriving at the deiired determi- 

^ nation by degrees, and by a very circuitous route. 
Attempt It 18 a matter of experience, that when two magnets 
to explain are taken, each of which it, as nearly equal as poffible in 
the pheno- the ftrength of both poles, then, if they are placed with 
mena with-jltdj. axeg jn one ifraight line, and the north pole of 
cife know- orvc fronting the fouth pole of the other, they attradt 
ledge of each other with a force which diminifhes as the diftance 
this law. increafes ; and this variation of force is regular, that is, 

without any hidden changes of intenfity, till it becomes 
infenlible. No inftance lias occurred of its breaking 
fuddenly off when of any fenfible force, but it appears 
to diminifh continually like gravity. No inftance oc- 
curs in which attraction is changed into repulfxon. 

But it is, moreover, to be particularly remarked, 
that, having made this obfervation with the north pole 
of A fronting the fouth pole of B, if the experiment 
be repeated with the fouth pole of A fronting the 
north pole of B, the refults will be precifely the fame. 
And, laftly, it is a matter of unexcepted experience, 
that the fenfible adfion of A on B, meafured by the 
force which is neceffary for preventing the farther ap- 
proach of B, is precifely equal to the adtion of B on 
A. This is the cafe, however unequal the force of the 
two magnets may be ; that is, although A may fup- 
port ten pounds of iron, and B only ten ounces. 

Now, the fimpleil view we can take of this experi- 
ment is, by fuppofing the whole adtion of one end or 
pole of a magnet to be exerted at one point of it. This 
will give us four adtions of A on B, accompanied by 
as many equal and oppofite adtions of B on A. It is 
plain that we may content ourfelves with the inveftiga- 
tion of one only of thefe fets of adtions. 

What we obferve is the excefs of the attradtions of 
the poles of A for the diffimilar poles of B above the 
repulfions of the fame poles of A for the ftmilar poles 
of B. At all diftances there is fuch an excefs. The 
fum of the attradtions exceeds the fum of the repulfions 
competent to every diftance. 

Now this will really happen, if we fuppofe that the 
poles of a magnet are of equal ftrength, and that, how- 
ever thefe different magnets differ in ftrength, they have 
the fame law of diminution by an increafe of diftance. 
The firil circumftance is a very pofiihle thing, and the 
laft is demonftrated by the obferved equality of adtion 
and readtion. Every thing will now appear very plain, 
by reprefenting (as we did in Electricity, Suppl. 

44, &c.) the intenlities of attraction and repulilon 
by the ordinates of a curve, of which the abfcifiae re- 
prefent the diftances of the aCting poles. 

Therefore let A and B (fig. 2.) reprefent the two 
magnets, placed with their four poles S, N, «, in a 
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ftraight line. In the ftraight line O y take O m, Op, 
O n, Q q, j-efpeCtively equal to N /, N «, S /, S « ; and 
let MPNQbe a curve line, having O q for its axis and 
affymptote ; and let the curve, in every part, be con- 
vex towards its axis. Then draw the ordinates m M, 
pV, n N, y Q_, to the curve. Thefe ordinates will re- 
prefent the intenlities of the forces exerted between the 
poles of the magnets, in fuch a manner as to fulfil all the 
conditions that are really obferved : For m M repre- 
fents the attraction of the north pole N of the magnet, 
A for the fouth pole s of the magnet B ; P repre- 
fents the repulfion of N for n ; « N reprefents the re- 
pul lion of S lor s ; and q Q^reprefents the attraction 
of S for 11. The diftance between m and n, or between 
p and q, is equal to the length of the magnet A, and 
m p, or n q, is equal to that of B. M m, P p, and N », 

are pairs of equidiftant ordinates. It furely re- 
quires only the infpedtion of the figure to fee that, in 
whatever fituation along the axis we place thofe pairs 
of equidiftant ordinates, the lum of M m and will, 
always exceed the fum of P^> and N n ; that is, the fum 
of the attractions will always exceed that of the repul- 
fions. This will not be the cafe if the curve, whofe or- 
dinates are proportional to the forces, have a point Z 
of contrary flexure, as is reprefented by the dotted 
curve P'ZCK For this curve, having O q for its af- 
fymptote (in order to correfpond with forces which di- 
minifh continually by an increafe of diftance, but do not 
abrubtly ceafe (muftliave its convexity turned toward, 
this affymptote in the remote parts. But there will be 
an arch MPZ between Z and O, which is concave to- 
ward the affymptote. In which cafe, it is impoffible that 
M w -f- lhall be lefs than P -j- N w ; and then 
the repulfions will exceed the attractions; which is con- 
trary to the whole train of obfervation. 

It may be thought, that if the repulfion exerted be- 
tween two particles be always lefs than the attraction 
at the fame diftance, the phenomena will be accounted 
for, although the law of aCtion be not reprefented by 
fuch a curve as has been affumed. Undoubtedly they 
will, while the diffimilar poles form each other. But 
the refults of fuch a fuppofition will not agree with the 
phenomena while the iimilar poles front each other : 
For it is an uncontradiCted faCt, that when two fine 
hard magnets, whofe poles are nearly or exaftly of e- 
qual vigour, have their fimilar poles fronting each other, 
the repulfions fall very little fhort of the attractions 
at the fame diftances when their pofition is changed: 
When the diftances are confiderable, fcarcely any differ- 
ence can be obferved in the beginning of the experiment. 
The differences, alfo, which are obferved at fmaller di- 
ftances,’ are obferved to augment by continuing the 
magnets in their places without changing their diftan- 
ces ; and therefore feem to arife from fome change 
produced by each on the magnetifm of the other. 
And, accordingly, if we invert one of the magnets, we 
fhall find that the attractions have been diminifhed as 
much as the repulfions. Now, the confequences of 
magnetic repulfion, being always weaker than attraction, 
would be the reverfe of this. The differences would 
appear moft remarkable in the greater diftances, and 
magnets might be found which repel at fmall diftances, 
and attraCl at greater diftances ; which is contrary to 
all obfervation. 

From all this it follows, with fufficieot evidence for 
eur 
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onr prefent purpofe, that the fundtion of the diftance 
which exprefles the law of magnetic aftion mud be re- 
prefented by the ordinates of a curve of the hyperbolic 
kind, referred to its aflymptote as an axis ; and there- 
fore always convex toward this axis. "W"e think it alio 
fufficiently clear, that the confequences which we have 
deduced from the fimple fuppoiition of four afting 
points, in Head of the combined adtion of every particle, 
may be adopted with fafety. For they would be juft, 
if there were only thofe four particles ; they would be 
juft with refpecft to another four particles—therefore 
they would be juft when thefe are joined ; and fo on of 
any number. Therefore the curve, whofe ordinates ex- 
prefs the mean adtion of each pole, as if exerted by its 
centre of elfort, will have the fame general form : It 
will be convex toward its affy'mptotic axis. 

It will greatly aid our conceptions of the combined 
adlions of the four magnetic poles, if we notice fome of 
the primary properties of a curve of this kind, limited 
bv no other condition. 

' Draw the chords MQ_, PN, MP, NQ_ Bifea them 
l* in B, D, E, F, and join EF. Draw the ordinates E e 
F/, and BD£ (cutting EF in C. Draw P u parallel 
to the axis, cutting E e in t. Draw alfo QJ parallel to 
the axis, cutting F/ in ?. Alfo draw FHL parallel 
to the axis, and Pot parallel to QN ; and draw PL /, 
and Pea:, cutting M m in l and x. 

Let each ordinate be reprefented by the letter at its 
interfedfion with the axis. Thus, the ordinates M m 
and Qo may be reprefented by m and q, &c. 

Becaufe MP is bifedted in E, M t is double of E E ; 
M / is double of EL ; M a: is double of E e. Alfo, be- 
caufe P / is parallel to QN, and P « to Qj, we have 
/ « = N /. From thefe premifes, it is eafy to perceive, 
that, 

l.Pb- 
m + q 

P + n 

2.1) b — . 

3.BD = "f±i 

4. Mm = w —p‘ 
5. ut ■= n — q. 
6. M / = mi —p ~ 

„ m + p 7. E^ =r 

■P + « 

8.F/ = « + ? 

9. M / = m p — n -f g. 
•c-t rn p — n + 7 iO. EL ~    

■ ■.CD = 
 4   

,2. GH = 
4 

Thefe combinations will fuggeft to the attentive read- 
er the explanation of many modifications of the combi- 
ned adtion of the four poles of two magnets. They 
are all comprehended in one propofition, which it will 
be convenient to render familiar to the thought; name- 
ly, if two pairs of equidiftant ordinates be taken, the 
fum of the two extremes exceeds that of the interme- 
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diate ones, m ft- 7 is greater than /> ft- «. Alfo, ihe 
difference between the pair neared to O exceeds the dif- 
ference between the remote pair. 

Now, conceiving thefe ordinates to reprefent the mu- 
tual adtions of the magnetic poles, we fee that their 
tendency to or from each other, or their fenfible attrac- 
tions or repulfions, are expreffcd by wi ft- 7 — w ft“ / » 
that is, by the excels of the fum of the adtions of the 
neareft and moft remote poles above the fum of the ac- 
tions of the intermediate diftant poles. It will alfo be 
frequently convenient to confider this tendency as repre- 
fented by mi —p — n — q\ that is, by the excefs of 
the difference of the adtions of the neareft pole of A on 
the two poles of B, above the difference of the adtions 
of its remote pole on the fame poles of B. 

Let us now confider forne of the chief modifications 
of thefe adtions. jg 

1. Let the difiimilar poles front each other. It is£Xpiana_ 
plain that mi ft- q reprefent attradtions, and that p ft- ntion of th* 
reprefent repuifions. Alfo m ft- 7 is greater than p ft- n. observed 
Therefore the magnets will attradt each other. TL*3 

attradtion is alfo reprefented by m — p — n — q. 
Now mi ft- q—p ft- n is evidently equal to M or 

to twice E 0, or to twice BD, or to four times CD. 
This adtion will be increafed, 
1. By increafing the ilrength of either of the mag- 

nets. The adtion of the magnets is the combined ac- 
tion of each adting particle of the one on each adting 
particle of the other; and it is mutual. Therefore all 
the ordinates will increafe in the ratio of the ftrength of 
each magnet, and their fums and differences will increafe 
in the fame ratio. 

2. By diminifhing the diftance between the magnets. 
For this brings all the ordinates nearer to O, while their 
diftance mp>pn, nq, remain as before. In this cafe it 
is plain that M v, the difference of M m and Pp, will 
increafe falter than / m- or N i, the difference between 
N n and Q^_q. Therefore M t will increafe ; that is, the 
attradtion will increafe. 

3. By increafing the length of A, while the diftance 
between them remains the fame. For O in remaining 
the fame, as alfo m p and n q, while n q is only removed 
farther from mp, it is plain M « remains the fame, and 
that N i and t u are diminilhed ; therefore M t muft in- 
creafe. or the attradtion muft increafe. 

4. By increafing the length of B, the diftance between ' 
them remaining the fame. For this increafes mp and 
n q ; and confequently increafes M u and t u. But M u 
increafes more than t u ; and therefore M i is increafed, 
and the attradtion or tendency is increafed. 

All thefe confequences of our original fuppofition, 
that the magnetic adtion may be reprefented by the or- 
dinates of a curve every where convex to an afiymptotic 
axis, are ftridtly conformable to obfervation. , 

If we place the magnets with their fimilar poles And of 
fronting each other, it is evident that the ordinates their repuB 
w-hich expreffed attradtions in the former cafe, w-ill nowf100** 
exprefs repulfions ; and that the forces with which the 
magnets now repel each other, are equal to thofe with 
which they attradted when at the fame diftances. When 
the experiments are made with good loadftones, or very- 
fine magnets, tempered extremely hard, and having the 
energy of their poles fenfibly refiding in a fmall fpace 
very near the extremities, the refults are alfo very aear^- 

¥ 
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ly conformable to this mathematical theory ; but there 
is generally a weaker aftion. The magnets feldom re- 
pel as ftrongly as they attract at the tanae diltance ; at 
lead when thefe diftances are frnall. It one or both of 
the magnets is foft, or if 'one of them be much more 
vigorous than the other, there are obferved much 
greater deviations from this theory. 1 he repulfions are 
conjtdcrably weaker than the attractions at the fame di- 
ftance, and the law of variation becomes extremely dif- 
ferent. When placed at very confiderable diftances, 
they repel. As the magnet B is brought nearer to A, 
the repulfion increafes, agreeable to the theory, but not 
fo fall. Bringing them ftill nearer, the repuliion ceafes 
to increafe, then gradually diminifhes, and frequently 
vanifhes altogether, before the magnets are in contadt ; 
and when brought ftill nearer, it is changed into at- 

20 traftion. ■ 
Scf-mi ig But more careful obfervation fhews, that this ano- 
t-xceptions maly does not invalidate the theory. It is found that 

* obviated. t{ie vjgOUr 0f the magnet is permanently changed by 
this procefs. The magnets adt on each other in fuch 
a way as to weaken each other’s magnetifm. Nay, it 
frequently happens, that the weaker or the fofter of the 
two has had its magnetifm changed, and that the pole 
neareft to the other has changed its nature. While 
they are lying in ccntadt, or at ftich a diftance that they 
attract, although their fimilar poles front each other, it 
is found that the pole of one of them is really changed; 
although it may fometimes recover its former fpecies 
again, but never fo vigoroully as when the other mag- 
net is removed. In fliort, it is obferved, that the mag- 
netifm is diminilhed in all experiments in which the 
magnets repel each other, and that it is improved in all 
experiments in which they attradt. 

We have hitherto fuppofed the magnets placed with 
their axes in one ftraight line. If they are differently 
placed, we cannot afeertain by this ffngle circumftance 
of the law of magnetic adtion, whether they will attradt 
or repel—we muff know fomewhat more of the varia- 

, tion of force by a change of diftance. 
B rective If the magnet B be not at liberty to approach to- 
pqwer ex- ward A, or recede from it, but be fo fupported at its 
plftned. centre B that it can turn round it, it is very plain that 

it will retain the pofition in which it is drawn in the fi- 
gure. For its fouth pole s being more attradted by N 
than it is repelled by S, is, on the whole, attradted by 
the magnet A; and, by this attradlion, it would vibrate 
like a pendulum that is fupported at the centre B. In 
like manner, its north pole n is more repelled by N 
than it is attradted by S, and is, on the whole, repel- 
led. The part B « would therefore alfo vibrate like a 
pendulum round B. Thus each half of it is urged into 
the very pofition which it now has ; and if this pofition 
be deranged a little, the attradftion of j B toward A, 
and the repulfion of «B from it, would impel it toward 
the pofition j B n. 

This will be very evident, if we put the magnet B in- 
-to the pofition s' B m at right angles to the line AB. 
The pole / and the pole n' are urged in oppofite, and 
therefore confpiring, diredtions with equal forces, very 
nearly at right angles to ri s', if the magnet B be fmall. 
In any oblique pofition, the forces will be fomewhat un- 
equal, and account muff be bad of the obliquity of the 
a-dfion, in order to know the precife rotative momentum 

-of the adlions. 

Dr Gilbert has given to this modification of the ac- 
tion of A on B, the name of vis disponens; which wt 
may tranffate by directive power or force. Alfo, 
that modification of the tendency of B to or from A is 
called by him the verticitas of B. We might call it 
the verticity of B ; but we think that the name po- 
larity is fufficiently exprefiive of the phenomenon; and 
as it has come into general life, we ftiall abide by it. 

It is not fo eafy to give a general, and at the fame time itsnieafai*, 
precife, meafure of the diredlive power of A and pola- 
rity of B. The magnet B muff be’confidered as a lever; 
and then the force tending to bring it into its ultimate 
pofition n s depends both on the diftance of its poles 
from N and S, and alfo on the angle which the axis of 
B makes with the line AB. When the axis of B co- 
incides with AB, the force adting on its poles, tending 
to keep them in that fituation, is evidently m + P~ 
n + ?> and therefore may be reprefented by M/ (in 
fig. 2.), or by twice EL, or by four times CH. If B 
has the pofition « B/, perpendicular to AB, let the or- 
dinates E e and Ff cut the curve on I and K ; and 
draw KL parallel to the axis (our figure caufes this line 
almoft to coincide with QL, and in all important cafes 
it will be nearly the fame). In this cafe IE will ex- 
prefs one half of this force. Either of thefe eftimations 
of this modification of the mutual adtion of the magnets 
will be fuflicient for the objedts we have in view. 

The diredtive power of A, and the polarity of B, are 
increafed, created and 

1. By increafing the ftrength of one or both of the'diminiftiei. 
magnets. This is evident, 

2. By diminifhing the diftance of the magnets. For 
this, by increafing the fmn of Mm and P^> more than 
the fum of N « and Q q, muft increafe EL or M /. 

3. By increafing the length of A. For this, by re- 
moving n and q farther from m and p, muft deprefs the 
points L and /, and increafe EL, or IL, or M/. 

4. By diminiftiing the length of B, while the diftance 
N j between the magnets remains the fame. For this, 
by bringing p and q nearer to m and n, muft increafe 
M m + P/> more than N « + Qj?. Or, by bringing 
E e and Yf nfearer to M m and N n, it muft increafe EL 
and M /. 

If the diftance N n between the pole of A and the* 
remote pole of B remain the fame, the diredtive force of 
A, and polarity of B, are diminilhed by diminiihmg the 
length of B, as is eafily feen from what has been juft 
now faid. It is alfo diminiftied, but in a very fmall 
degree, by diminiftiing the length of B, when the di- 
ftance between the centres of A and B remain the fame. 
For, in this cafe, the ordinates le and K/ retain their 
places; but the points m andp approach to e; and this 
brings the interfedtion E of the ordinate and chord 
nearer to I, and diminifties EL, becaufe the point I, is 
not fo much depreffed by the approach of F to K as E 
is depreffed. 

But in all cafes, the ratio of the diredlive power of . 24 
A to its attradlive force, or of the polarity of B to 
tendency to A, is increafed by diminiftiing the length offering the i 
B. For it is plain that by diminiftiing mp and n q, while proportion 
1 e and Kf keep their places, the point 0 is railed, and0^^?3*' 
the point L is depreffed ; and therefore the ratio 
E L to E 0, or of M / to M t, is inereafed. We even p0wers. 
fee that, by diminiftiing the length of B continually 

and 
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and without end, the ratio of M / to M * may be made 
to exceed any ratio that can be afligned. 

he polari. NoWj jjnce diminifhing the length of B increafes the 

mU inae- ratI’° of the dJre(^ive power of A to its attradive power, 
et may be while increailng the length of A increafes both, and alfo 
reat whileincreafes the ratio of EL to E o (as is very eafily feen), 
icatfrac- an{j f,nce this increafe may be as great as we pleafe, it 
°fiblV.n* neceffarily follows, that if the fame very fmall magnet B 

be placed at fuch dilfances from a large and ftrong mag- 
net A, and from a fmaller and lefs vigorous one C, as 
to have equal polarities to both, its tendency to A will 
be lefs than its tendency to C. It may even be lefs in 
any ratio we pleafe, by fufficiently diminifhing the 
length of B. 

Dr Gilbert obferved this ; and he exprefles his obfer- 
vation by faying, that the diredive power extends to 
greater diftances than the attradive power. We mull 
juft conclude, that the laft becomes infen/ible at fmaller 
diftances than the firft. This will be found a very im- 
portant obfervation. It may be of ufe to keep in mind, 
that the diredive power of a magnet A on another mag- 
net B, is the difference of the fums of the adions of 
each pole of A on both poles of B ; and the attradive 
power of A for another magnet B, is the difference of 
the differences of thefe adions. 

It may alfo be remarked juft now, that the diredive 
force of A always exceeds its attradive force by the 
quantity 2 (/> — q). For their difference may be ex- 
preffed by t /, which is equal to twice o L. Now ( e is 
equal to Pp, or to p ; and f L is equal to P/> — F/, 
or to P/>— —F ?, or to P/>——o There- 
fore o L = Yp — O y, and 11 =: 2 p — Q_y)> ■= 
3 (/>- ?)• ' . , . , . 

By infpeding this figure witn attention, we obtam 
indications of many interefting particulars. If the 
lengths of the magnets A and B are the fame, the point 
n in the axis of the curve will coincide with p. As the 
length of A increafes, the part n q is removed farther 
from the part mp. The line P t becomes lefs inclined 
to the axis, and is ultimately parallel to it, when n is 
infinitely remote. At this time L tails on e fo that 
the ultimate ratio of the attradion to the polarity is 
that of E e to E^, when the magnet A is infinitely 
long. It is then the ratio of the difference of the ac- 
tions of the neareft pole of A on the two poles of B to 
the fum of thefe adions. Hence it follows, that when 
A is very great and B very fuiall, the polarity of B is 
vaftly greater than its tendency to A. It may have a 
great polarity when its tendency is infenfible. 

The ratio of the polarity to the attradion alfo in- 
creafes by increafing the diftance of the magnets while 
their dimenfions continue the fame. ri his will appear, 
by remarking that the chords MP and NQ_muft inter- 
fed in fome point w ; and that when the four points w, 
p, «, and q, move off from O, keeping the fame dii- 
tances from each other, E o will diminiih falter than 
EL, and the ratio of EL to EO will continually in- 
creafe. 

Therefore when a fmall magnet B is placed at fuch 
a diftance from a great magnet A, and from a fmaller 
one C, as to have equal polarity to both, its tendency 
to C will exceed its tendency to A. For the polarities 
being equal,'it mull be farther from the great magnet; 
in which cafe the ratio of its polarity to its attradion is 
increafed. 
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And this will alfo obtain if the magnets differ alfo in 

{Length. For, to have equal polarities, B mull be ftill 
farther from the great and powerful magnet. 

For all thefe reafons, a large and powerful magnet 
may exert a ftrong diredive power, while its attradive 
power is infenfible. ^ 

We have hitherto fuppofed the magnet B to be pln-pecuijaij_ 
ced in the diredion of the axis of A, and only at li-tiesofob- 
berty to turn round its centre B. But let its centre lique poti- 
be placed on the centre of A, as in fig. 3. it 
evidently take a pofition which may be called fubcon- 
trary to that of A, the north pole of B turning toward 
the fouth pole of A, and its fouth pole turning toward 
the north pole of A. 

The fame thing muft happen when the centre of B 
is placed in B, any where in the line AE perpendicular 
to NS. S attrads n with a force n b, while N repels 
n with a force n 0, fomewhat fmaller than n b. Thefe 
two compofe the force n d. In like manner, the two 
forces s e and s f, exerted by N and S on the pole r, 
compofe the force s q. Now if the axis of the magnet 
B be parallel to NS, but the poles in a contrary pofi- 
tion, and if each magnet be equally vigorous in both 
poles, the magnet B will retain this pofition ; becaufe 
the forces n b and s e are equal, as alfo the forces n c 
and sf. Thefe muft compofe two forces n d and s qt 
which are equal, and equally inclined to ns ; and they 
will therefore be in equilibrio on this lever. 

Let us now place the centre of the fmall magnet in 
C, neither in the axis of the other, nor in the perpen- 
dicular AE. Let its north pole n point toward the 
centre of A. It cannot remain in this pofition ; for N 
repels « with a force n c, while S attrads it with a force 
n b (fmaller than n c, becaufe the diftance is greater). 
Thefe two compofe a force n d confiderably different 
from the diredion r n of its axis. In like manner, the 
fouth pole s of the fmall magnet is aded .on by two 
forces s e and sf, exerted by the two poles of A, which 
compofe a force s q nearly equal and parallel to n d, but 
in a nearly oppofite diredion. It is plain that thefe 
forces muft turn the fmall magnet round its centre C, 
and that it cannot reft but in a pofition nearly parallel 
to « d or sf. Its pofition is better reprefented by fig. ' 
4. with its fouth pole turned toward the north pole of 
the other magnet, and its north pole in the oppofite di- 
redion. 

What the precife pofition will be, depends on that - 
fundion of the diftance which is always proportional 
to the intenfity of the adion ; on the force ot each of 
the poles of A, and on the length of the magnet B. 
Nay, even when we know this fundion, the problem is 
ftill very intricate. - 

Thefe are methods by which we may approximate Means of 
to the fundion with fuccefs. II the magnet B be in-acquiring & 
definitely fmall,' fo that we may confider the adions oa ^ 
its two poles as equal, the invelligation is greatly fimpli-]aw 0f acf 
fied. For, in this cafe, each pole of the fmall magnet tion. 
B (fig. 5.) may be conceived as coinciding with its 
centre. Then, drawing NB, SB, and taking B b to- 
ward N, to repreient the force with which N attrads 
the fouth pole of B, and taking B c, in SB produced 
to reprefent the force ^ith which S repels the fame 
pole, the compound force ading on this pole is B d, the 
diagonal of a parallelogram B dc. In like manner, 
we muit take B e, in N b produced, and equal to B b, 

, to - 
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to reprefent the repulfiort of N for the north pole of 
B, and B f equal to B c, to reprefent the attradliou of 
S for this pole. The compound force will be B g, 
equal and oppofite to B cl. It follows evidently from 
this inveftigation, that the fmall magnet will not reft in 
any pofition but Jg. In this fuppolxtion, therefore, of 
extreme mimitenefs of the magnet 13, one of the paral- 
lelograms is fufficient. We may farther remark, that 
we have this approximation fecure againft any error 
arifing from the fuppolition that all the adtion of each 
pole of B is exerted by one point. Although we fup- 
pofe it diffufed over a confiderable portion of the mag- 
net, ftill the extreme minutenefs of the whole makes the 
adlion, even on its extreme points, very nearly equal. 

tiorTlnvef Hence may be derived a conftrudtion for afctrtaining 
tigatcd  t^ie pofition of the needle, when the fundtion m of the 
magne. diftance is given, or for difcovering this fundtion by ob- 
tic curve, fervation of the pofition of the needle. 

Let blS (fig. 5. ng 2.) meet the diredtion of the 
needle in K. Make BG = BN, and draw NF, GE, 
SH, perpendicular to BK. It is evident that B^> is to 
Be, or b d, as the fine of the angle HBS to the fine of 
KBN. Therefore, becaufe BG and BN are equal, we 
have B £ : B c := GE : NF. 

Therefore GE : NF = BSW : BN*1 

But SH : GE r= BS : BN 
Therefore SH ; NF =r BS,,, + , : BN'” + * 
And SK : N& r= BSm+, •: BN^ + L 

If- magnetic adfion be inverfely as the diftance, we 
have SK : NK — BS2 : BN2, and B is in the circum- 
ference of a circle which palfes through S and N, and 
has BK for a tangent, as is jdain by elementary geo- 
metry. If the adtion be inverfely as the fquare of the 
diftance, we have SK : NK =r BS3: BNr, and B is in 
the circumference of a curve of more difficult inveftiga- 
tion. But, as in the circle, the fum of the angles BSN 
and BNS is a conftant angle ; fo, in this curve, the fum 
of the cofines of thofe angles is a conftant quantity. 
This fuggefls a very limple conftrudtion of the curve. 
Let it pafs through the point T of the line AT, drawn 
from the centre of the magnet, perpendicular to its 
axis. Defcribe the femicircle SPQN, cutting ST and 
NT in P and Then, in order to find the point 
where any line SB cuts the curve, let it cut the ftrni- 
circle in />, and apply the line N q zr SP -f- NQ^— S/>, 
and produce it till it meet the line SB in B, which is a 
point in the curve; for it is evident that S/; and N q 
are the cofines of BSN and BNS. We hope to give, 
by the help of a learned friend, the complete conllvuc- 
tion of curves for every value of m, in an Appendix to 
this article. It will form a new and cuiious clafs, ar- 
ranged by the fundtions of the angles at N and S. 

Bat, in the mean time, we have determined the pofi- 
tion of an indefinitely fmall needle, in refpedf of a mag- 
net of which we may conceive the polar adlivity con- 
centrated in two points ; and we may, on the other 
hand, make ufe of the obferved pofitions of fuch a needle 
and magnet for difcovering the value of m. For, lince 
S_K_ SBm+‘ Log. SK:NK 
Mv-NB^P-11 ‘s tl“‘ » - l^TsbTnb- '• 
I hus, in an obfervation which the writer of this article 
made on a very fmall needle, and a magnet having glo- 
bular poles, and 8^- inches between their centres, he 
found SB = 5|, NB = 4, SK= 11,49, and NK = 3,37. 
i.Ius gives m — 1,97, which differs from 2 only ^th 
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part. Finding it fo very near the inverfe duplicate ra- 
tio of the diftance, a circle VUZ was deferibed, the 
circumference of which is the locus of SB : BN =: 8 : 
5*333-. When the centre of the needle was placed any- 
where in the circumference of this circle, it fcarcely de- 
viated from the point K, except when fo far removed 
from the magnet that its naturaf polarity prevailed over 
the diredtive power of the magnet, or fo near its middle 
thdt the adtion ot the cylindrical part became very feu- 
fible. 

It is plain that the length of the needle mull occa- 
fion fome deviation from the magnetic diredtion, by de- 
ftroying the perfedl equality of adtion on its two poles. 
He therefore employed three needles of 4, 4, and ^ of 
an inch in length ; and by noticing the differences of 
diredtion, he inferred what would he the diredtion, if 
the forces on each pole wrere precifely equal. He had 
the pleafure of feeing that the deviation from the in- 
verfe duplicate ratio of the diftances was fcarcely per- 
ceptible. 

IVIr Lambert s experiments on the diredtive power 
of the magnet, narrated in his fecond differtation in the 
22d volume of the memoirs of the Academy of Berlin, 
are the moft valuable of all that are on record ; and the 
ingenious addrefs with which they are condudted, and 
the inferences are drawn, would have done credit to 
Newton himfelf. We earneftly recommend the careful 
perufal of that EiTay, as the moft inftrudtive of any that 
we have read. The writer of this found himfelf obli- 
ged to repeat all his former experiments, mentioned 
above, in bit Lambert s manner, and with his precau- 
tion of keeping the needle in its natural pofition ; a cir- 
cuniftanee to which he had not fufficiently attended be- 
fore. The new refults were ftill more conformable to 
his corjedture as to the Law of variation. Mr Lambert 
cloies his differtation with an hypothefis, “ that the 
force of each tranfverfe element of a magnet is as its 
diftance fiom the centre, and its adtion on a particle of 
another magnet is inverfely as the fquare of the dif- 
tance. On this luppohtion, he calculates the poli- 
tion of a very fmall needle, and draws three of the curves 
to which it Ihould be the tangent. Thefe are very ex- 
adlly coincident with fome that he obferved. We tried 
this with feveral magnetic bars, and found it very con- 
formable to obfervation in fome magnets; but deviating 
fo far in the cafe of other magnets, that we are convin- 
ced that there is no rule for the force of each tranfverfe 
element of a magnet, and that the magnetifm is diffe- 
rently difipofed in different magnets. It was chiefly this 
which induced us to form the magnets employed in this 
refearch of two balls united by a (lender rod. Lich- 
tenberg, in his notes, on Erxleben’s Natural Philofophy, 
lays, that there is a MS of the celebrated Tobias 
Mayer in the library of the Academy of Gottingen, in 
which he aflumes the hypothefis above mentioned, and 
gives a conftrudtion of the magnetic curves founded on 
it, making them a kind of catenaria. The interior 
curves do indeed refemble the catenaria, but the exte-. 
nor are totallj unlike. But there is no occalion for 
much argument to convince us, that the firft part of 
this hypotheiis is not only gratuitous, but unwarranted 
by any general phenomena. We know that a magne- 
tical bar may have its magnetifm very differently difpo- 
led ; for it may have more than two poles, and the in- 
termediate poles cannot have this difpolition of the mag- 

netifm. 
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nctifm. Such 3 dlfpofitlon is perhaps poflible ; but is 
by no means general, or even frequent. We are dii- 
pofed to think, that permanent magnetifm mull have 
its intenfity diminiihing in the very extremity of the 
bar. The reader may guefs at our reafons from what 

jp is faid in Electricity, Suppl. n° 222. 
Primary The following very curious and inftru&ive phenome- 
andsEcoN-non was the thing which greatly excited the curi- 
dary, or tjie wrjter 0f tbJs article, and lortg puzzled him 

and Com- to explain it. Indeed it was his endeavours, to explain 
pound it which gradually opened up to him the theory of the 
curves. mutual aftion of magnets contained in thefe paragraphs,. 

and firil gave him occafion to admire the fagacity of 
Dr Gilbert, and to fee the connedling principle of the 
vail variety of obfervations and experiments which that 
philofopher had made. It feems owing to the want of 
this connecting principle, that a book fo rich in faCls 
fhould be fo little read, and that fo many of Dr Gilbert’s 
obfervations have been publilhed by others as new dif- 
coveries. / 

Amufing himfelf in the fumrrer 1758 with magnetic 
experiments, two large and ftrong magnets A and B 
(tig. 6 ), were placed with their diffimilar poles front- 
ing each other, and about three inches apart. A fmall 
needle, fupported on a point, was placed between them at 
D, and it arranged itfelf in the fame manner as the great 
magnets. Happening to fet it olf to a good dillance 
on the table, as at F, he was furprifed to fee it imme- 
diately turn round on its pivot, and arrange itfelf near- 
ly in the oppofite direction. Bringing it back to D 
reftored it to its former pofition. Carrying it gradu- 
ally out along DF, perpendicular to NS, he obferved 
it to become fenfibly more feeble, vibrating more flow- 
ly ; and when in a certain point E, it had no polarity 
whatever towards A and B, but retained any pofition 
that was given it. Carrying it farther out, it again ac- 
quired polarity to A and B, but in the oppofite direc- 
tion ; for it now arranged itfelf in a pofition that was 
parallel to NS, but its north pole was next to N, and 
its fouth pole to S. 

This Angular appearance naturally excited his atten- 
tion. The line on wdiich the magnets A and B were 
placed had been marked on the table, as alfo the line 
DF perpendicular to the former. The point E was 
now marked as an important one. The experiments 
were interrupted by a friend coming in, to whom fuch 
things were no entertainment. Next day, wifhing to 
repeat them to fome friends, tKN>magnets A and B 
were again laid on the line on which they had been pla- 
ced the day before, and the needle was placed at E, 
expeCling it to be neutral. But it was found to have 
a confiderable verticity, turning its north pole toward 
the magnet B ; and it required to be taken farther out, 
toward F, before it became neutral. While Handing 
there, fomething chanced to joggle the magnets A and 
B, and they inllantly rulhed together. At the fame in- 
ftant, the little magnet or needle turned itfelf brilkly, 
and arranged itfelf, as it had done the day before, at F, 
quivering very brilkly, and thus (hewing great verticity. 
This naturally furprifed the beholders ; and we now 
found that, by gradually withdrawing the magnets A 
and B from each other, the needle became weaker— 
then became neutral—and then turned round on its pi- 
vot, and took the contrary pofition. It was very amu- 
fing to obferve how the limply feparating the magnets A 
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and B, or bringing them together, made the needle af- 
fume fuch a variety of politions and degrees of vivacity 
in each. 

The needle was now put in various fituations, in re- 
fpeft to the two great magnets ; namely, off at a fide, 
and not in the perpendicular DF. In thefe fituations, 
it took an inconceivable variety of pofitions, which could 
not be reduced to any rule; and in moll of them it re- 
quired only a motion of one of the great magnets for an 
inch or two, to make the needle turn brilkly round on 
its pivot, and affume a pofition nearly oppofite to what 
it had before. 

But all this was very puzzling, and it was not till af- 
ter feveral months that the writer of this article, ha- 
ving conceived the notion of the magnetic curves, was 
in a condition to explain the phenomena. With this 
afliftance, however, they are very clear, and very in- 
llru&ive. 

Nothing hinders us from, fuppofing the magnets A 
and B perfectly equal in every refpedl. Let NHM, 
NFL, be two magnetic curves belonging to A ; that 
is, fuch that the needle arranges itfelf along the tangent 
of the curve. Then the magnet B has two curves 
SGK, SEI, perfectly equal, and fimilar to the other 
two. Let the curves NHM and SGK interfedl in C 
and F. Let the curves NFL tmd SEI touch each 
other in E. 

The needle being placed at C, would arrange itfelf 
in the tangent of the curve KGS, by the aftion of B 
alone, having its north pole turned toward the fouth 
pole S of B. But, by the adlion of A alone, it would 
be a tangent to the curve NHM, having its north pole 
turned away from N. Therefore, by the combined ac- 
tion of both magnets, it will take neither of thefe pofi- 
tions, but an intermediate one, nearly bifedting the 
angle formed by the two curves, having its north pole 
turned toward B. 

But remove the needle to F. Then, by the a&ion 
of the magnet A, it would be a tangent to the curve 
FM, having its north pole toward M. By the atlion 
of B, it would be a tangent to the curve KFG, ha- 
ving its north pole in the angle MFG, or turned to- 
ward A. By their joint aftion, it takes a pofition 
nearly bifetling the angle GFM, with its north pole 
toward A. 

Let the needle he placed in E. Then, by the action 
of the magnet A, it would be a tangent to the curve 
NFL, with its north pole pointing to F. But, by the 
adlion of B, it will be a tangent to SEI, with its north 
pole pointing to D. Thefe adlions being fuppofed e- 
qual and oppofite, it will have no verticity, or will be 
neutral, and retain any pofition that is given to it. 

The curve SEI interfefts the curve NHM in P and 
The fame reafoning Ihews, that when the needle 

is placed at P, it will arrange itfelf with its north pole 
on the angle SPH : but, when taken to Q^, it will 
Hand with its north pole in the angle EQM. 

From thefe fadts and reafonings we muff infer, that, 
for every dillance of the magnets A and B, there will 
be a feries of curves, to which the indefinitely fhort 
needle will always he a tangent. They will rife from 
the adjoining poles on both iides, croffing diagonals 
ly the lozenges formed by the primary or simple 
curves, as in fig. 6. Thefe may be called compound 
or secondary magnetic curves. Moreover, thefe fe- 
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condary curves will be of two kinds, according as they 
pafs through the firfl or fecond interfeftions of the pri- 
mary curves, and the needle will have oppofite pofitions 
when placed on them. Thefe two fets of curves will be 
feparated by a curve GEH, in the circumference of 
which the needle will be neutral. This curve pafles 
through the points where the primary curves touch each 
other. We may call this the line of neutrality or inac- 
tivity. 

We now fee dillinftly the effedl of bringing the mag- 
nets A and B nearer together, or feparating them far- 
ther from each other. By bringing them nearer to 
each other, the point E, which is now a point of neu- 
trality, may be found in the fecond interfedtion (fuch as 
E) of two magnetic curves, and the needle will take a 
fubcontrary pofition. By drawing them farther from 
each other, E may be in the frji Interfedtion of two 
magnetic curves, and the needle will take a pofition fi- 
milar to that of C. 

If the magnets A and B are not placed fo as to 
form a ftraight line with their four poles, but have their 
axes making an angle with each other, the contafts and 
interfedtions of their attending curves may be very dif- 
ferent from thofe now reprefented ; and the pofitions 
of the needle will differ accordingly. But it is plain, 
from what has been faid, that if we knew the law of 
aftion, and confequently the form of the primary curves, 
we fhould always be able to fay what will be the pofi- 
tion of the needle. Indeed, the confideration of the 
fimple curves, although it was the mean of fuggeft- 
ing to the writer of this article the explanation of thofe 
more complicated phenomena, is by no means neceffary 
for this purpofe. Having the law' of magnetic adion, 
we mull know each of the eight forces by which the 
needle is affe&ed, both in refpedl of diredion and in- 
tenfity; and are therefore able to afcertain the fingle 
force arifrng from their compofition. 

When the fimilar poles of A and B are oppofed to 
each other, it is eafy to fee, that the pofition of the 
needle mull be extremely different from what we have 
been defcribing. When placed anywhere in the line 
DF, between two magnets, whofe north poles front 
each other in N and S, its north pole will always point 
away from the middle point D. There will be no neu- 
tral point E. If the needle be placed at P or Q_, its 
north pole will be within the angle EPH, or FQI. 
This pofition of the magnets gives another fet of fecon- 
dary curves, which alfo crofs the primary curves, paffing 
diagonally through the lozenges formed by their interfec- 
tion. But it is the other diagonal of each lozenge which 
is a chord to thofe fecondary curves. They will, there- 
fore, have a form totally different from the former fpecies. 

The confideration of this compound magnetifm is 
important in the fcience, both for explaining complex 
phenomena, and for advancing our knowledge of the 
great defideratum, the law of magnetic adtion. It ferves 
this purpofe remarkably. By employing a very fmall 
needle, the points of neutrality afcertain very nearly 
where the magnetic curves have a common tangent, and 
fhews the pofition of this tangent. By placing the two 
magnets fo as to form various angles with each other, 
we can, by means of thefe neutral points, know the po- 
fition of the tangent in every point of the curve, and 
thus can afcertain the form of the curve, and the law of 
adlion, with confiderable accuracy. The writer of this 

article took this method ; and the refult confirmed him 
in the opinion, that it was in the inverfe duplicate ratio 
of the dillances. The chief (perhaps the only) ground 
of error feemed to be the difficulty of procuring large 
magnets, having the adion of each pole very much con- 
centrated. Large magnets muft be employed. He at- 
tempted to make fuch, confiding of two fpherical balls, 
joined by a {lender rod. But he could not give a flrong 
magnetifm to magnets of this form, and was forced to 
make ufe of common bars, the poles of which are con- 
fiderably diffufed. This diffufion of the pole renders 
it very difficult to feled with propriety the points from 
which the diltances are to be edimated, in the invef- 
tigation of the relation between the forces and dif- 
tances. 

He tried another method for afeertaining this fo 
much defired law, which had alfo the fame refult. Ha- 
ving made a needle confiding of twm balls joined by a 
{lender rod, and having touched it with great care, fo 
that the whole drength of its poles feemed very little 
removed from the centres of the balls, he counted the 
number of horizontal vibrations which it made in a gi- 
ven time by the force of terredrial magnetifm. He 
then placed it on the middle of a very line and large 
magnet, placed with its poles in the magnetic meridian, 
the north pole pointing fouth. In this lituation he 
counted the vibrations made in a given time. He then 
raifed it up above the centre of the large magnet, till 
the didance of its poles from thofe of the great mag- 
net were changed in a certain proportion. In this li- 
tuation its vibrations were again counted. It was tried 
in the fame way in a third fituation, confiderably more 
remote from the great magnet. Then, having made 
the proper reduction of the forces correfponding to the 
obliquity of their adlion, the force of the poles of the 
great magnet wms computed from the number of vibra- 
tions. To date here the circumdances of the experi- 
ment, the necefiary reductions, and the whole compu- 
tations, would occupy feveral pages, and to an intelli- 
gent reader would aniwer little purpofe. Mr Lambert’s 
excellent difiertation in the 22A vol. of the Mem. de 
VAcad, de Berlin, will {hew the prolixity and intricacy 
of this invedigation. Suffice it to fay, that thefe ex- 
periments w;ere the mod confident with each other of 
any made by the writer of this article, with the view of 
afeertaining the law of magnetic aftion ; and it is chief- 
ly from their refult that he thinks himlelf authorifed to 
fay, with fome confidence, that it is inverfely as the 
fquare of the didance. Thefe experiments were fird 
made in a rough way in 1769 and 1770. In 1775, 
obferving that Mr iEpinus feemed to think the a£lion 
inverfely as the didance (fee his Tentam. Theor. Eledr. 
et Magn. § 301. &c.), they were repeated with very 
great care ; and to thefe were added another fet of ex- 
periments, made with the fame magnet and the fame 
needle, placed not above the magnet, but at one fide 
(but always in the line through the centre, perpendicu- 
lar to the axis, fo that the aftions of the two poles 
might be equal). This difpofition evidently fimplifies 
the procefs exceedingly. The refult of the whole was 
dill more fatisfadory. This conclufion is alfo confirm- 
ed by the experiments of Mr Coulomb in the Memoirs 
of the Academy of Sciences at Paris for 1786 and 
1787. It would feem therefore to be pretty well eda- 
bliffied. Another method, which feems fufceptible of 

confiderable 
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*cmfiderable accuracy, ftill remains to be tried. It will 
be mentioned in due time. 

Such then are the general laws obferved in the mu- 
tual s&ion of magnets. We think it fcarcely neceflary 
to enter into a farther detail of their confequences, eor. 
refponding to the innumerable varieties of pofitions in 
which they may be placed with refpedt to each other. 
We are confident, that the fenlible adtions will always 
be found agreeable to the legitimate confequences of 
the general propofitions which we have efiablilhed in 
the preceding paragraphs. We proceed therefore to 
confider feme phyiical fadfs not yet taken notice of 
which have great influence on the phenomena, and 
greatly affift us in our endeavours to underftand fome- 
thing of their remote caufe. 

fagnetifm Magnetifm, in all its modifications of attradlion, re- 
tempora-pulfion,. and diredtion, is, in general, of a temporary or 

j and pe- perifhing nature. The beft loadftones and magnets, 
unlefs kept with care, and with attention to certain 
circumftances, are obferved to diminith in their power. 
Natural loadftones, and magnets made of fteel, temper- 
ed as hard as pofiible, retain their virtue with greateft 
obftinacy, and feldom lofe it altogether, unlefs in fitua- 
tions which our knowledge of magnetifm teaches us to 
be unfavourable to its durability. Magnets of temper- 
ed fteel, fuch as is ufed for watch-fprings, are much 
fooner weakened, part with a greater proportion of 
their force by Ample keeping, and finally retain little 
or none. Soft fteel and iron lofe their magnetifm al- 
moft as foon as its producing caufe is removed, and 
cannot be made to retain any fenfible portion of it, un- 
lefs their metallic ftate fuffer fome change. 

„ , l. Nothing tends fo much to impair the power of a 
iproper7 magnet as the keeping it in an improper pofition. . If 
ifition. its axis be placed in the magnetic diredfion, but in .a 

contrary pofition, that is, with the north pole of it 
where the fouth pole tends to fettle, it will grow weak- 
er from day to day; and unlefs it be a natural load- 
ftone, or be of hard tempered fteel, it will, after no 
very long time, lofe its power altogether. 

B heat- 2’ ot a ftrong magnetic power is 
Teftsof 'greatly promoted by heat. Even the heat of boiling 
mnder water affedfs it fenfibly ; and if it be made red hot, it 

I id eledfri-jg entirely deftroyed. This laft fadf has long been 
'h known. Dr Gilbert tried it with many degrees of 

violent heat, and found the confequences as now ftated; 
but having no thermometers in that dawn of fcience, 
he could not fay any thing precife. He only obferves, 

'that it is deftroyed by a heat not fufficient to make it 
vifible in a dark room. Mr Canton found even boiling 
water to weaken it ; but on cooling again the greateft 
part was recovered. i 

Byvio- 3* What is more remarkable, magnetifm is impaired 
uttreac- by any rough ufage. Dr Gilbert found, that a mag- 
ient- net which he had impregnated very ftrongly, was very 

much impaired by a fingle fall on the floor ; and it has 
been obferved fince his time, that falling on ftones, or 
receiving any concuffion which caufes the magnet to 
ring or found, hurts it much more than beating it with 
any thing foft and yielding. Grinding a natural load- 

• ftone with coarfe powders, to bring it into fhape, weak- 
ens it much ; and loadftones ihould therefore be redu- 
ced into a fhape as little different from their natural 
form as pofiible ; and this fhould be done brifkly, cut- 
ting them with the thin dilks of the lapidary’s wheel, 
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cutting off only what is neceffary for leaving their moft 
adtive parts or poles as near their extremities as we 
can 

All thefe caufes of the diminution of magnetifm are 
more operative if the magnet be all the while in an im- 
proper pofition. 

4. Daftly, magnetifm is impaired and deftroyed by 4 By other 
placing the magnet near another magnet, with their fi.magnets, 
milar poles fronting each other We have had occa- 
fion to remark this already, when mentioning the ex- 
periments made with magnets in this pofition, for afeer- 
taining the general laws or variations of their repulfion. 
We there obferved, that magnets fo fituated always 
weakened each other, and that a powerful magnet often 
changed the fpecies of the neareft pole of one Jefs 
powerful. This change is recovered, in part at leaft, 
when it has taken place in a loadftone or a magnet of 
hard fteel; but in fpring tempered fteel the change is 
generally permanent, and almoft to the full extent of 
its condition while the magnets are together. It is to 
be remarked, that this change is gradual; and is expe- 
dited by any of the other caufes, particularly by heat 
or by knocking. 

On the other hand, magnetifm is acquired by the^a£aerfm 

fame means, when fome other circumftances are at- 'V‘a^ ? ac" 
tended to. q » c , 

1. A bar of iron, which has long ftood in the mag* petkal^oE"' 
netic direction, or nearly fo, will gradually acquire fitloir 
magnetifm, and the ends will acquire the polarity cor- 
refponding to their fituation. In this country, and the 
north of Europe, the old fpindJes of turret vanes, old 
bars of windows, &e. acquire a fenfible magnetifm ; 
their lower extremity becoming a north pole, and the 
other end a fouth pole. Gilbert fays, that this was 
firft obferved in Mantua, in the vane fpindle of the Au- 
guftine church—“ Venlo Jiexa (fays he) de prowpta, et 
apothecario imdam conceffa, attrahebat ferrea ramenta, vi 
perquam infgni.” The upper bar of a hand rail to a 
ftair on the north fide of the higheft part of the fteeple 
of St Giles’s church in Edinburgh is very magnetical; 
and the upper end of it, where it is lodged in the ftone, 
is a vigorous fouth pole. It is worth notice, that the 
parts of fuch old bars acquire the itrongeft magnetifm 
when their metallic ftate is changed by expofure to the 
air, becoming foliated and friable. It would be w'orth 
while to try, whether the rethiops martialis, produced 
by fleam in the experiments for deeompoiing water, 
will acquire magnetifm during its produflion. The 
pipe and the wires, which are converted into the (Inning 
acthiops fhould be placed in the magnetic diredlion. 

2. If a bar of fteel be long hammered while lying in 2. By ham- 
the magnetic diredlion, it acquires a fenlible magnetifm tnering; 
(See Dr Gibert’s plate, reprefenting a blackfmithham- 
mering a bar of iron in the magnetic direftion). The 
points of drills, efpecially the great ones, which are 
urged by very great preffure; and broaches, worked 
by a long lever, fo as to cut the iron very fall, acquire 
a ftrong magnetifm, and the lower end always becomes 
the north pole [Phil. Tranf. xx. 417.) Even driving 
a hard fteel punch into a piece of iron, gives it magne- 
tifm by a fingle blow. In (hort, any very violent fqueeze 
given to a piece of tempered fteel renders it magnetic, 
and its polarity corresponds with its pofition during the 
experiment. We can fcarcely take up a cutting or bo- 
ring tool in a fmith’s Atop that is not magnetical. Even 

Q,_a foft 
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foft fteel and iron acquire permanent magnetifm in this 
way. Iron alfo acquires it by twilling and breaking. 
It is therefore difficult to procure pieces of iron or Heel 
totally void of determinate and permanent magnetifm ; 
and this frequently mars the experiments mentioned in 
the firft paragraphs of this article. The way therefore 
to enfure fuceefs in thefe experiments is to deprive the 
rods of their accidental magnetifm, by fome of the me- 
thods mentioned a little ago. Let them be heated red 
hot, and allowed to cool while lying in a direftion per- 
pendicular to the magnetic direction (nearly E. N. E. 
and W. S. W. in this country). 

3. By heat- 3- As heat is oblerved to deftroy magnetifm, fo it 
»ng; may alfo be employed to induce it on fubllances that 

are fufceptible of magnetifm. Dr Gilbert makes this 
obfervation in many parts of his work. He fays, that 
the ores of iron which are in that particular metallic 
ftate which he confiders as moll fufceptible of magne- 
tifm, will acquire it by long continuance in a red heat, 
if laid in the magnetic dire&ion, and that their polarity 
is conformable to their pofition, that end of the mafs 
which is next the north becoming the north pole. He 
alfo made many experiments on iron and fteel bars ex- 
pofed to ftrong heats in the magnetical dire&ion. Such 
experiments have been made fince Gilbert’s time in 
great number. Dr Hooke, in 1684, made experiments 
on rods of iron and fteel one-fifth of an inch in diame- 
tei-, and feven inches long. He found them to acquire 
permanent magnetifm by expofure to ftrong heat in the 
magnetic direction, and if allowed to cool in that direc- 
tion. But the magnetifm thus acquired by fteel rods 
was much ftronger, and more permanent, if they were 
fuddenly quenched with cold water, fo as to temper 
them very hard. He found, that the end which was 
next to the north, or the lower end of a vertical bar, 
was always its permanent north pole. Even quench- 
ing the upper end, while the reft was fuffered to cool 
gradually, became a very fenfible fouth pole. No mag- 
netifm was acquired if this operation was performed on 
a rod lying at right angles to the magnetical diredion. 

In thefe trials the polarity was always eftimated by 
the aftion on a mariner’s needle, and the intenfity of 
the magnetifm was eftimated by the deviation caufed in 
this needle from its natural pofition. Dr Gilbert made 
^ very remarkable obfervation, which has fince been re- 
peated by Mr Cavallo, and publiffied in the Philofophi- 
cal Tranfaftions as a remarkable difcovery. Dr Gil- 
bert fays, p. 69. “ Bacillum ferreum^ valide ignitum ap 
pone ‘verforio excito ; Jlat verforium, nec ad tale ferrum 
convertitur : fed Jlatim ut primutn de candore ahquantu- 
lum remiferit, confluit illico.” In feveral other parts of 
his treatife he repeats the fame thing with different cir- 
cumftances. It appears, therefore, that while iron is 
red hot, it is not fufceptible of magnetifm, and that it 
is during the cooling in the magnetic diredlion that it 
acquires it. Gilbert endeavoured to mark the degree 
of heat moft favourable for this purpofe ; but being un- 
provided with thermometers, he could not determine 
any thing with precifion.. He fays, that the verforium, 
or mariner s needle, was moft deranged from its natural 
pofition a little while after the bar of iron ceafed to 
fhine in day-light, but was ftill pretty bright in a dark 
room. But there are other experiments which we have 
made, and which will be mentioned by and bye ; by 
which it appears, that although a bright red or a white 
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heat makes iron unfufceptible of magnetifm while i» 
that ftate, it predifpofes it for becoming magnetical. 
When a bar of fteel was made to acquire magnetifm by 
tempering it in the magnetical direftion, we found that 
the acquired magnetifm was much ftronger when the 
bar was made firft of all very hot, even although allow- 
ed to come to its moft magnetical ftate before quench- 
ing, than if it had been heated only to that degree ; 
nay, we always found it ftronger when it was quenched 
when red hot. We offer no explanation at prefent ; 
our foie bufmefs juft now being to ftate fatls, and to 
generalize them, in the hopes of finding fome fa£l which 
(hall contain all the others. 

4. The moft diftinbl acquifitions and changes of mag-4. Byjuxta, 
netiim are by juxtapofition to other magnets and to iron.pofuion. 
As the magnetifm of a loadftone or magnet is weaken- 
ed by bringing its pole near the fimilar pole of another 
magnet, it is improved by bringing it near the other 
pole; and it is always improved by bringing it near any 
piece of iron or foft fteel. 

But this action, and the mutual relation of magnets 
and common iron, being the moft general, and the moft 
curious and inftru&ive of all the phenomena of magne- 
tifm, they merit a very particular conlideration. 

Of the communication of Magnetifm. 

The whole may be comprehended in one propofition,Communl- 
which may be faid to contain a complete theory of mag-cation of 
netifm. magnetifir 

Fundamental propofition. 
Any piece of iron, when in the neighbourhood of a mag* 

net, is a magnet, and its polarity is fo difpofed that the 
magnet and it mutually at trad each other. 

The phenomena which refult from this fundamental 
principle are infinitely various, and wre muft content 
ourfelves with defcribing a fimple cafe or two, which ' 
will fufficiently enable the reader to explain every other. ^4 i 

^ Take a large and ftrong magnet NAS (fig. y.), of Attra&m 
which N is the north, and S the fouth pole. Let it bePowcrcorl 
properly fupported in a horizontal pofition, with itsmunic*ted 

poles free, and at a diftance from iron or other bodies. 
I ake any fmall piece of common iron, not exceeding 
two or three inches in length, fuch as a fmall key. 
flake alfo another piece of iron, fuch as another fmaller 
key, or a bit of wire about the thicknefs of an ordinary 
quill. 

1. Hold the key horizontally, near one of the poles, 
(as fhewn at n° j.), taking care not to touch the pole 
with it ; and then bring the other piece ot iron to the 
other end of the key (it is indifferent which pole is thus 
approached with the key, a,nd which end of the key is 
held near the pole). The wire will hang by the key, 
and will continue to hang by it, when we gradually 
withdraw the key horizontally from the magnet,-till, at 
a certain diftance, the wire will drop from the key, be- 
caufe the magnetifm imparted from this diftance is too 
weak, fl hat this is the lole reafon of its dropping, 
will appear by taking a fhorter, or rather a Henderer, 
bit of wire, and touch the remote end of the key with 
it : it will be fupported, even though we remove the 
key ftill farther from the magnet. - 

2. Hold the key below one of the poles, as at n° 2. or 
3. and touch its remote end with the wire. It will be 
fufpended in like manner, till we remove the key too 
far from the magnet. 

3. Hold 
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, Hold the key above the poles, as at n° 4. or 5. 
and touch its adjacent end with the wire (taking care 
that the wire do not alfo touch the magnet). The wire 
will (till be fupported by the key, till both are removed 
too far from the magnet. r , • , , 

Thus it appears that, in all thefe htuations, the key 
has fhewn the chara&eriftic phenomenon of magnetifm, 
namely, attraaion for iron. In the experiment with 
the key held above the pole, the wire is in the fame 
iltuation in refpea to magnetifm as the key is when 
held below the pole ; but the adions are mutual. As 
the key attrads the wire, fo the wire attrads th^ 

k^If the magnet be fupported in a vertical pofition, as 
in fig. 8. the phenomena will be the fame; and when 
the key is held direftly above or diredlly below the 
pole, it will carry rather a heavier wire than in the ho- 
rizontal pofition of the magnet and key. 

Inftead of approaching the magnet with the key and 
wire, we may bring the magnet toward them, and the 
phenomena will be ftill more palpable. Thus, it the 
bit of wire be lying on the table, and we touch one end 
of it with the key, they will (hew no connection what- 
ever. While we hold the key very near one end of the 

' wire, bring down the pole of a magnet toward the key, 
and we (hall then fee the end of the wire rife up and 
flick to the key, which will now fupport it. In luce 
manner, if we lay a quantity of iron filings on the table, 
and touch them with the key, in the abfence of the 
magnet, we find the key totally inaftive. But, on 
bringing the magnet anyhow near the key, it imme- 
diately attraCfs the iron filings, and gathers up a heap 

,c of them. 
Alfo a di- In the next place, this vicinity of a magnet to a piece 
restive of iron gives it a direCfive power. Let NAb (fig* 9‘) 
power. be a magnet, and BC (n° 1.) a key held near the 

north pole, and in the direftion of the axis. Bring a 
very fmall mariner’s needle, fupported on a (harp point, 
near the end C of the key which is farthefl from N. 
We (hall fee this needle immediately turn its fouth pole 
towards C, and its north pole away from C. This po- 
fition of the needle is indicated at c, by marking its 
north pole with a dart, and its fouth with a crofs. 
Thus it appears that the key has got a direftive power 
like a magnet, and that the end C is performing the of- 
fice of a north pole, attra&ing the fouth pole of the 
needle, and repelling its north pole. It may indeed be 
faid, that the needle at c arranges itfelf in this manner 
by the directive power of the magnet 4 for it would 
take the fame pofition although the key were away. 
But if we place the needle at b, it will arrange itfelf as 
there reprefented, (hewing that it is influenced by the 
key, and not (wholly at lead) by the magnet. In like 
manner, if we place the needle at a, we (hall fee it tuin 
its north pole toward B, notwithftanding the action o 
the magnet on it. This aCfion evidently tends to tv*rr| 
its north pole quite another way : but it is influenced 
by B, and B is performing the office of a fouth pole. 

In like manner, if we place the key as at h" 2. we 
(hall obferve the end B attraft the fouth pole of the 
needle placed at a, and the end C attraft the north 
pole of a needle placed in b. In this fituation of the 
key, we fee that 13 performs the office of a north pole, 
and C performs the.office of a fouth pole. 

Thus it appears that the key in both fituations has 
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become a magnet, pofTefled of both an attra&ive and a 
directive power. It has acquired two poles. 36 

Lafily, the magnetifm of the key is fo difpofed that The*atti ac- 
the two magnets NAS and BC muft mutually attraCt ion of iron 
each other; for their dilfimilar poles front each other. 
Now, it is a matter of uniform and uncontradiCted ob-tion 0f its 
fervation, that when a piece of iron is thus placed near 0wn tem- 
a magnet, and the difpofition of its magnetiim is thusporary 
examined by means of a mariner’s needle, the difpofi-magnetifm* 
tion is fuch that two permanent magnets with their 
poles fo difpofed muft attrad each other. The piece of 
iron, therefore, having the fame magnetic relation to 
the magnet that a fimilar and fimilarly difpofed magnet 
has, mult be affeCted in the fame manner. We cannot, 
by any knowledge yet contained in this article, give 
any precife intimation in what way the polarity of the 
piece of iron will be difpofed. This depends on its fhape 
as much as on its pofition. By deferibing two or three 
examples,.a notion is obvioufly enough fuggefted, which, 
although extremely gratuitous, and perhaps erroneous, 
is of fervice, becauie it has a general analogy with the 
obferved appearances. 

If one end of a (lender rod or wire be held near the 
north pole of the magnet, while the rod is held in the 
direction of the axis (like the key in fig. 7. n° 1.), the 
near end becomes a fouth, and the remote end a north 
pole. Keeping this fouth pole in its place, and turn- 
ing the rod in any direction from thence, as from a 
centre, the remote end is always a north pole. And, in 
general, the end of any oblong piece of iron which is 
n care ft to the pole of a magnet becomes a pole of the 
oppofite name, while the remote end becomes a pole of 
the fame name with that of the magnet. 

If the iron rod be held perpendicularly to the axis, 
with its middle very near the north pole of the magnet, 
the two extremities of the iron become north poles, 
and the middle is a fouth pole. _ 

If the north pole of a magnet be held perpendicular 
to the centre of a round iron plate, and very near it, 
this plate will have a fouth pole in its centre, and every 
part of its circumference will have the virtue of a north, 
pole. 

If the plate be (haped with points like a ftar, each 
of thefe points will be a very diftinCt and vigorous north 
pole. - . . . 

Something like this will be obferved in a piece ot 
iron of any irregular drape. 1 he part immediately ad- 
joining to the north pole of the magnet will have the 
virtue of a fouth pole, and all the remote protuberances 
will be north poles. 

The notion naturally fuggefted by thefe appearances 
is, that the virtue of a north pole feems to 1 elide in 
fomething that is moveable, and that is protruded by 
the north pole of the magnet toward the remote parts 
of the iron ; and is thus conftipated in all the remote 
edges, points, and protuberances, much in the fame 
manner as. eleCtricity is obferved to be protruded to the 
remote parts and protuberances of a conduCfing body 
by the prefence of an overcharged body. This notion 
will greatly aflift the imagination ; and its confequences 
very much refemble what we obferve. 

As a farther mark of the complete communication of 
every magnetic power by mere vicinity to a magnet, we 
may here obferve that the wire D, of fig. 7. n° 2. and 
2 will fupport another wire, and this another ; and fo 

on>. 
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on, to a number depending on tbe flrength of the mag- 
net. The key has therefore become a true magnet in 
every refpe£t; for it induces complete magnetifm on the 
appended wire. That this is not the fame operation of 
the great magnet (at leaft not wholly fo), appears by ex- 
amining the magnetifm of D with the needle, which will 
be feen to be more influenced by D than by A. This fadt 
has been long known. The ancients fpeak of it: They 
obferve, that a loadftone caufes an iron ring to carry 
another ring, and that a third; and fo on, till the firing 
of rings appears like a chain. 

Exception What has now been faid will explain a feeming ex- 
explained. ception to the univerfality of the propofition. If the 

key be held in the fituation and poiition reprefented by 
fig. to. the bit of wire will not be attracted by it ; and 
we may imagine that it has acquired no magnetifm : 
But if we bring a mariner’s needle, or a bit of wire, 
near to its remote end B, it will be ftrongly atti'adfed, 
and fhew B to be a north pole. The needle held near 
to C will alfo (hew C to be a fouth pole. Alfo, if held 
near to D, it will fhew D to be a north pole. Now 
the ends C, both of the key and of the wrire, being 
fouth poles, they cannot attract each other, but, on the 
contrary, they will repel ; and therefore the wire will 
not adhere to the key. And if the key of fig. 17. n^ 4. 
with the wire hanging to it, be gradually carried out- 
ward, beyond the north pole of the magnet, and then 
brought down till its lower end be level with the pole, 
the wire will drop off. 

There is however, one exception to the propofition. 
If the key in fig. 7. with its appending wure D, be gra- 
dually carried from any of the fituations 2, 3, 4, or 5, 
toward the middle of the magnet, the wire will drop 
off whenever it arrives very near the middle. If we fup- 
pofe a plane to pafs through the magnetic centre A, 

-perpendicular to the axis (which plane is very properly 
called the magnetic equatorial plane by Gilbert), a {len- 
der piece of iron, held anywhere in this plan$, acquires 
no fenfible magnetifm. It gives no indication of any po- 
larity, and it is not attracted by the magnet. It is well 
known, that the adtivity of a loadftone or magnet re- 
fides chiefly in two parts of it, which have been called 
its poles ; and that thofe are the beft magnets or load- 
ftones in which this adtivity is leaft diffufed ; and that 
a certain circumference of every loadftone or magnet is 
whoxly inadtive. When a loadftone or magnet of any 
fhape is laid among iron filings, it colledts them on two 
parts only of its furface, and between thefe there is a 
ipace all round, to which no filings attach themfelves. 

We prefume that the reader already explains this ap- 
pearance to himfelf. Many things fhew a contrariety 
of adtion of the two poles of a magnet. We have al- 
ready obferved, that the north pole of a ftrong magnet 
will produce a ftrong northern polarity in the remote 
end of a fmall fteel bar ; and if it be then applied near 
to that end in the oppofite diredtion, it will deftroy this 
polarity, and produce a fouthern polarity. In what- 
ever thefe adtions may confift, there is lomething not 
only different but oppofite. They do not blend their 
effedts, as the yellow and blue making rays do in pro- 
ducing green. They oppofe each other, like mechani- 
cal preffures or impulfions. W^e have every mark of 
mechanical adtion ; we have local motion, though un- 
een, except in the gradual progreffion of the magneti- 

cal faculties along the bar; but we have it diftindtly in 
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the ultimate effedt, the approach or recefs of the mag- 
nets : and in thefe phenomena we fee plainly, that the 
forces, in producing their effedts, adt in oppofite direc- 
tions. Whatever the internal invifible motions may be, 
they are compofed of motions whofe equivalents are the 
fame with the equivalents of the ultimate, external, fen- 
fible motions ; therefore the internal motions are oppo- 
fite and equal if the fenfible motions are fo, and con- 
verfely. 

Adopting this principle, therefore, that the adlions 
of the two poles are not only different but oppofite, it 
follows, that if they are alfo equal and adl fimilarly, each 
muft prevent the adtion of the other ; and that there 
will be a mechanical equilibrium—it may even be called 
a magnetical equilibrium. Therefore if every part of a 
{lender rod, or of a thin plate of iron, lie in the plane 
of the magnetic equator, the magnetic ftate (in what- 
ever it may confift) cannot be produced in it. It will 
exhibit no magnetifm ; have no polar faculties ; and we 
can fee no reafon why it fliould be attradted by the mag- 
net, or fhould attradl iron. We muft not forget to ob- 
ferve in this place, that iron in a ftate of incandefcence 
acquires no magnetifm by juxtapofition. We have al- 
ready remarked, that iron in this ftate does not affedl 
the magnet. If a bar of red hot iron be fet near a ma- 
riner’s needle, it does not affedlit in the fmalleft degree 
till it almoft ceafes to appear red hot in day-light, as has 
been obferved by Dr Gilbert. All adtions that we 
know are accompanied by equal and oppofite re-adtions; 
and we ftiould expedt, what really happens in the pre- 
fent cafe, namely, that red hot iron Ihould not be ren- 
dered magnetical and attradtable. 

There is a very remarkable circumftance which ac-Magtfetifnt 
companies the whole of this communication of magne-not impair- 
tifm to a piece of iron. It does not impair the powered com' 
of the magnet; but, on the contrary, improves it. This^unica' 
fadt was obferved. and particularly attended to, by d/1011* 
Gilbert. He remarks, that a magnet, in the hands of a 
judicious philofopher, may be made to impart more mag- 
netifm than it poffeffes to each of ten thoufand bars of 
fteel, and that it will be more vigorous than when the 
operations^began. A magnet (fays he) may be fpoiled 
by injudicious treatment with other magnets, but never 
can touch a piece of common iron without being im- 
proved by it. He gives a more dired proof. Let a 
magnet carry as heavy a lump of iron as poffible by it* 
lower pole. Bring a great lump of iron clofe to its upper 
pole, and it will now carry more. Let it be loaded with 
as much as it can carry while the lump of iron touches 
its upper pole. Remove this lump, and the load will 
inftantly drop off. But the following experiment {hews 
this truth in the moft convincing manner : 

Let NAS (fig. II.) be a magnet, not very large, 
nor of extreme hardnefs. Let CD be a ftrono- iron 
wire, hanging perpendicularly from a hook by a Ihort 
thread or loop. The magnet, by its adlion on CD, 
renders D a north pc>le and C a fouth pole, and the 
polaiity of D s magnetifm fits it for being attradted. 
Let it affume tne poiition C e, and let this be very care- 
fully marked. Now bring a great bar of iron j B n 
near to the other end of the magnet. We fliall inftant- 
ly perceive the wire C e approach to the fouth pole of 
the magnet, taking a pofition C/. Withdraw the bar 
of iron, and C f will tall back into the pofition C e. As 
we bring the iron bar gradually nearer to the magnet, 

the 
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the wire will deviate farther from the perpendicular, 
and when the bar B touches the magnet CD, will Hart 
a great way forward. It is alfo farther to be obferved, 
that the larger the bar of iron is, the more will CD de- 
viate from the perpendicular. 

Now this muft be aferibed to the aftion of the bar 
on the magnet. For if the magnet be removed, the 
bar alone will make no feniible change on the pofition 
of the wire. We know that the bar of iron becomes 
magnetical by the vicinity of the magnet. If we doubt 
this, we need only examine it by means of a piece of 
iron or a mariner’s needle. This will ihew us that s 
has become a fouth, and n a north pole. Here then 
are two magnets wdth their diffimilaY poles fronting each 
other. In conformity with the whole train of magne- 
tical phenomena, we muft conclude that they attract 

39 each other, and muft improve each other’s magnetifm. 
Tierefore This is a moft important circumftance in the theory 
othing is 0f niagnetifm. For it ihews us, that, in rendering a 
•ansferred. pjece 0f jron magnetiC} there is no material communica- 

tion. There is no indication of the transference of any 
fubftance reliding in the magnet into the piece of iron ; 
nor is there even any transference of a power or qua- 
lity. Were this the cafe, or if the fubftance or quality 
which was in A be now transferred to B, it can no 
longer be in A ; and therefore the phenomena refulting 
from its prefence and agency muft be diminifhed. We 
muft fay that the magnet has excited powers inherent, 
but dormant, in the iron ; or is, at leaft, the occafion 
of this excitement, by difturbing, in fome adequate man- 
ner, the primitive condition of the iron. We muft alfo 
fay, that the competency of the magnet and of the iron 
to produce the phenomena, is owing to the fame cir- 
cumftances in both ; becaufe w7e fee nothing in the phe- 
nomena which authorifes us to make any diftindtion be- 
tween them. Whatever therefore caufes one magnet 
to attraft another, is alfo the reafon why a piece of 
iron in the neighbourhood of a magnet attrafts another 
piece of iron ; and we muft fay that the caufe of pola- 
rity, or the origin of the diredlive power, is the fame 
in both. Now we underftand perfedtly the dire&ive 
power of a magnet, as exerted on another magnet. We 
fee that it arifes from a combination and mechanical 
compoiition of attractions and repulfions. It muft be 
the fame in this magnetifm now inherent in the iron. 
The piece of iron direCts the mariner’s needle, as a mag- 
net would dired it ; therefore, as there is fomething in 
apiece of iron which now attrads fomething in another 
piece of iron, fo there is fomething in the tirft which re- 

40 pels fomething in the laft. 
DbjedHons It may indeed be faid that it is not a piece of iron, 
mfwerfd but a mariner’s needle, or magnet, that is thus direded 
aft CUr*°USky our iron magnetifed by vicinity to a magnet, 'this 

objedion is completely removed by the moft curious of 
all the fads which occur in this manner of producing 
magnetifm. Take a piece of common iron, fafhion it, 
and fit it up precifely like a mariner’s needle, and care*- 
fully avoid every treatment that can make it magnetical. 
Set it on its pivot, and bring it near the north pole of 
a magnet, placing the end, made like the fouth pole of 
the needle, next to the north pole of the magnet. In 
fhort, place it by hand exadly as a real mariner's needle 
would arrange itfelf. It will retain that pofition. Now 
carry it round the magnet, along the circumference of 
a magnetic curve, or in any regular and continuous 
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route. This piece of iron will, in every fituation, afiume 
the very fame pofition or attitude which the real mag- 
netical needle would affume if in the fame place, and it 
will ofcillate precifely in the fame way. 

Here then it is plain, that there is no diftindion of 
power between the magnetifm of the iron and of the real 
needle. To complete the proof: Initead of approaching 
the magnet with this iron needle, bring it into the vi- 
cinity of a piece of iron, which is itfelf magnetical only 
by vicinity to a magnet, it will arrange itfelf juft as the 
real needle would do, with the foie difference, that it 
does not indicate the Unci of polarity exifting in the 
extremities of the iron, becaufe either end of it will be 
attraded by them. And this circumftance leads us to 
the confideration of the only diftindion between the 
magnetifm of a loadftone or magnet and that of common 
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4t 
The magnetifm of common iron is momentary, and Mignetifnj 

therefore indifferent; whereas that of a magnet is per-°* *r‘)n *s 

manent and determinate. When iron becomes magne- 
tic in the way now mentioned, it remains fo only rem; but 
while the magnet remains in its place ; and when that is that of 
removed, the iron exhibits no figns of magnetifm. 
Therefore when the north pole of a magnet has produ-^.'j !.g(

>
er^ 

ced a fouth pole in the neareft end of an iron wire, andminate. 
a north pole at its remote end, if we turn the magnet, 
and prefent its fouth pole, the neareft end of the wire in- 
ftantly becomes a north pole, and the other a fouth pole; 
and this change may be made as often, and as rapidly, 
as we pleafe. This is the reafon which made us dired 
the experimenter on the iron needle to begin his opera- 
tion, by placing the end marked for a fouth pole next 
to the north pole of the magnet. It becomes a real 
fouth pole in an inftant, and ads as fuch during its pe- 
regrination round the magnet. But in aity one of its 
fituations, if we turn it half round with the finger, the 
end which formerly turned away from a pole of the 
magnet, will now turn as vigoroufiy tov/ard it. There- - 
fore, in carrying the iron needle round the magnet, vve ~ 
direded the progrefs to be made in a continuous line, , 
to avoid all chance of miftaking the polarities,’ 

For all the reafons now adduced, we think ourfelves Mag^e- 
obliged to fay, that the magnetifm produced on com-TISM 011 

mon iron by mere juxtapofition to a magnet, is gene-“ 
rated without any communication of fubftance or faculty. 
The power of producing magnetical phenomena is not 

between the magnet and the iron. We fhall call 
it INDUCED MAGNETISM ; MAGNETISM BY INDUCTION. 

We have faid that induced magnetifrn of common 
iron is quite momentary. This muft be underitood 
with careful limitations. It is firidly true only in the 
cafe of the fioeft and pureft foft iron, free of all knots 
and hard veins, and therefore in its moft metallic ftate. 
Iron is rarely found in a ftate fo very pure and metallic ; 
and even this iron will acquire permanent and determi- 
nate magnetifm by indudion, if it had been twilled or 
hammered violently, although not in the magnetic di- 
redion ; alfo the changes produced (we imagine) on 
the pureft iron by the adion of the atmofphere make it 
fufceptible of fixed magnetifm. But the magnetifm 
thus inducible on good iron is fcarcely fenfible, and of 
no duration, unlefs it has lain in the neighbourhood of 
a magnet for a-very long-while. 

What has now been laid of comn-on iron, is alfo true 
of it when in the ftate of foft fteel. 

But 
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43 But any degree of temper that is given to fteel makes 

Tempered a very important change in this refpeft. In the firit 

quires^u- P^ace> it acquires magnetifm more Howly by induftion 
rable mag- than an equal and fimilar piece of common iron, and fi- 
netifm. nally acquires lefs. Fhele differences are eafily exa- 

mined by the deviations which it caufes in the mariner’s 
needle from the magnetic meridian, and by its attrac- 
tion. 

When the inducing magnet is removed, fome mag- 
netifm remains in the Heel bar, which retains the pola- 
rity which it had in the neighbourhood of the magnet. 

Steel tempered to the degree fit for watch fprings 
acquires a ftrong magnetifm, which it exhibits imme- 
diately on the removal of the magnet. But it diffipates 
very fall ; and, in a very few minutes, it is reduced to 
lefs than one-half of its intenfity while in contadl with 
the magnet, and not two-thirds of what it was imme- 
diately on removal from it. It continues to diffipate for 
fome days, though the bar be kept with care ; but the 
diffipation diminiihes fall, and it retains at leaft one- 
third of its greateft power for any length of time, unlefs 
carelefsly kept or injudicioufly treated, 

Steel tempered for ftrong cutting tools, fuch as chifels, 
punches, and drills for metal, acquires magnetifm (till 
more flowly by induftion, and acquires lefs of it while 
in contact with the magnet : but it retains it more firm- 
ly, and finally retains a greater proportion of what it 
had acquired. 

Steel made as hard as poffible, is much longer in ac- 
quiring all the magnetifm which fimple juxtapofition 
can give to it. It acquires lefs than the former ; but it 
retains it with great firmnefs, and finally retains a much 
greater proportion. 

Such ores of iron as are fufceptible of magnetifm, 
are nearly like hard fteel in thefe refpedls ; that is, in 
the time neceffary for their greateji impregnation, and 
in the durability of the acquired magnetifm. They 
differ exceedingly in refpedl to the degree of power 
which they can attain by mere juxtapofition, and the 
varieties feem to depend on heterogeneous mixture. 
We muft obferve, that few ores of iron are fufceptible 
of magnetifm in their natural ftate. The ordinary ores, 
confifting of the metal in the ftate of an oxyd, and com- 
bined with fulphur, are not magnetizable while remain- 
ing in that ftate. Moft ores require roafting, and a fort 
of cementation, in contaft with inflammable fubftanees. 
This matter is not well underftood ; but it would feem 
that complete metallization is far from being the moft fa- 
vourable condition, and that a certain degree of oxyda- 
tion, and perhaps fome other compofition, yet unknown, 
make the belt loadftones. But all this is extremely 
obfcure. The late Dr Gowin Knight made a compofi- 
tion which acquired a very ftrong and permanent mag- 
netifm, but the fecret died with him. Dr Gilbert 
fpeaks of fimilar compofitions, in which ferrugineous 
clays were ingredients; but we know nothing of the ftate 
of the metal in them, nor their mode of acquiring mag- 
netifm. 

Induditon ^peculiar importance to remark that the ac- 
of nrrgne- quifition of magnetifm is gradual and progreflive, and 
tifmisgra- that the gradation is the more perceptible in proportion 

odfive aS a harder temper. When a magnet is ^ brought to one end of a bar of common iron, its remote 
extremity, unlefs exceedingly long, acquires its utmoft 
magnetifm immediately. But when the north pole of 

a magnet is applied to one end of a bar of hard fteel, 
the part in contact immediately becomes a fouth pole, 
and the far end is not yet affedted. We obferve a north 
pole formed at fome diftance from the contadl, and be- 
yond this a faint fouth pole. Thefe gradually advance 
along the bar. The remote extremity becomes firft a 
faint fouth pole, and it is not till after a very long while 
(if ever) that it becomes a fimple, vigorous, north 
pole. More frequently it remains a diffuied and teeble 
north pole : nay, if the bar be very long, it often hap- 
pens that we have a fucceflion of north and foutb poles, 
which never make their way to the far end of the bar. 
This pdienomenon was firft obferved (we think) by Dr 
Brook Taylor, who gives an account of bis obfervations 
in the Philofophical Tr an foci tons, n° 344’ 45 

From the account we have given of thefe phenomena 
of induced magnetifm, it appears that the temporary 
magnetifm is always fo difpofed that the fum of the become() 
mutual attractions of the diffimilar poles exceeds the magnecical 
fum of the repulfions between the fimilar poles, and 
that therefore the two magnets tend to each other. 
This is evidently equivalent to faying, that a piece of 
unmagnetic iron is alwayrs attracted by a magnet. No 
exception has ever been obferved to this fadt; for Pliny’s 
ftory of a Theamedes, or loadftone, which repels iron, is 
allowed by all to have been a fable. 

We think ourfelves authorifed to fay that this attrac- 
tion of the loadftone for iron, or this tendency of iron 
to the loadftone, is a fecondary phenomenon, and is the 
confequence of the proper difpofition of the induced mag- 
netifm. The proofs already given of the compound 
nature of this phenomenon, namely, that it arifes from 
the excefs of two attractions above two repulfions, need 
(we imagine) no addition. But the following confider- 
ations place the matter beyond doubt : 

1. The magnetifm of the two poles is evidently of an 
oppofite nature ; the one repelling what the other at- 
tssadfs. If the one attracts iron, therefore, the other 
fhould repel it. But each pole, by inducing a magn^ 
tifm oppofite to its own, on the neareft end of the iron? 
and the fame with its own on the remote end, and its 
action diminifhing with an increafe of diftance, there 
muft always be an excefs of attraction, and the iron muft 
be attracted. 

2. Each of the magnets A and B, in either of the 
pofitions reprefented in fig. 12. would alone attract the 
piece of common iron C. But when placed together, 
the foutli pole of A tends to render the upper end of 
C a north pole ; while the north pole of B tends to 
make it a fouth pole. If their actions be nearly equal, 
the weight of C cannot be fupported by the magnetifm 
induced by any difference of action that may remain. 
While C is hanging by B alone, let A be gradually 
brought near ; it gradually deftroys the action of the 
north pole of B, fo that C gradually lofes its magnetifm 
and polarity, and its weight prevails. 

3. In all thofe cafes where the induction of magne- 
tifm is flow, the attraction is weak in proportion. This 
is particularly remarked by Dr Gilbert. If we take 
pieces of common iron, and of fteel of different tempers, 
but all of the fame fize and form, we fliall find that the 
iron is much more ftrongly attracted than any of the 
reft, and that the attractfon for each of them is weaker 
in proportion as they are harder. This diverfity is fo 
accurately obferved, that when the piece is thoroughly 

fufcep- 
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fufceptible of magnetifm, we can tell, with confiderable other, forming a fet of tangents to the magnetic curve, 
precifion, what degree will be ultimately acquired, and reaching from one pole of the magnet to the other, 
how much will be finally retained. Alfo, the attraftion Or, fuppofe a vail number of {mail bits of iron, each 
of the magnet for any of thofe pieces of Heel increafes lhaped like a grain of barley, a little oblong. Let them 
esaftly in proportion as their acquired magnetifm in- be fcattered over the furface of a table, fo near each 
creafes. other as juft to have room to turn round. Let a mag- 

4. An ore of iron incapable of acquiring magnetifm is net be placed in the midll of them. They will all have 
not attraded by a magnet. But we know that, by ce- magnetifm induced on them in an inftant; and fuch as 
mentation with charcoal dull, they may be rendered fuf- are not already touching others, will turn round (be- 
ceptible of magnetifm. In this ftate they are attraded. caufe they reft on the table by one point only), and 
It is an univerfal fad, that any fubftance’that is attrad- each will turn its ends to the ends of its neighbours; 
ed by a magnet may be rendered magnetical, and that and thus they will arrange themfelves in curves, which 
none elfe can. We have already obferved that red hot will not differ greatly from true magnetic curves (be- 
iron is not attraded ; nor does it acquire any diredive caufe each grain is very fhort), iffuing from one pole of 
power while in that ftate. From all this we mull con- the magnet, and terminating in the other, 
elude, that the previous indudion of magnetifm is the Does not this fuggeft to the refleding reader an ex- 
mean of the obferved attradion of magnets for iron, and planation of that curious arrangement of iron filings 
that this is not a primary fad in magnetifm. round a magnet, which has fo long entertained and 

Thefe obfervations alfo complete the proof that mag- puzzled both the philofophers and the unlearned, and 
netic attradion and repulfion are equal at the fame di- which has given rife to the Cartefian and other theorfes 
ftance, and follow the fame law. Dr Gilbert feems to of magnetifm ? The particles of iron filings are little 
think that the repulfion is always weaker than the at- rags of foft iron torn off by the file, and generally a 
tradion ; and this is almoft the only miftake in concep- little oblong. Thefe mujt have magnetifm induced on 
tion into which that excellent philofopher has fallen, them by a magnet, and, while falling through the air 
But it only requires a fair companion of fads to con- from the hand that ftrews them about the magnet, they 
vince a good logician, that fince, in every cafe, and at are at perfed liberty to arrange themfelves magnetical- 
every diftance, either pole of a magnet attrads either ly ; and tnuJI therefore fo arrange themfelves, forming on 
end of a piece of common iron, it is impoffible that one the table curves, which differ very little indeed from the 
of thefe forces can exceed the other. It might be fo, true magnetic curves. Suppofe them fcattered about 
were it not that induced magnetifm is durable in proper the table before the magnet is laid on it. If we pat 
fubftances. And if we take magnets which have been the table a little, fo as to throw it into tremors, this will 
made fuch by indudion, and prefent them to each other allow the particles to dance, and turn round on their 
with their fimilar poles fronting each other, they never points of fupport, till they coalefce by their ends in 
fail to repel each other at confiderable diftances, and the manner already deferibed. 
even at very fmall diftances for a few moments; and this All this is the genuine and inevitable confequence of 
is the cafe whichever poles are next each other. This what Dr Gilbert has taught us of induced magnetifm. 
cannot be on any other fuppofition. Cafes would occur It muft be fo ; and cannot be otherwife. This curious 
of polarity without attradion, or of attradion without arrangement of iron filings round a magnet is therefore 
polarity. Such have never been feen, any more than not a primary fad, and a foundation for a theory, but 
the Theamedes, always repelling iron. the refult of principles much more general. _ 47 

Let a great number of fmall oblong pieces of iron be Moft of our readers know that this difpofition of Remarks 
lying very near each other on the furface of quickfilver. iron filings has given rife to the chief mechanical theo-^.^e the-^ 
Bring a ftrong magnet into the midft of them. It im- ries which have been propofed by ingenious men for the^J^‘ 
mediately renders them all magnetical by indudion. explanation of all the phenomena of magnetifm. An1 

The one neareft the north pole of the magnet immedi- invilible fluid has been fuppofed to circulate through 
ately turns one end toward it, and the other end away the pores of a magnet, running along its axis, iffuing 
from it. The fame effed is produced on the one that from one pole, ftreaming round the magnet, and enter- 
is juft beyond this neareft one. Thus the remote end ing again by the other pole. This is thought to be m- 
of the firft becomes a north pole, and the neareft end dicated by thofe lines foimed by the filings. I he 
of the fecond becomes a fouth pole. Thefe, being ftream, running alfo through them, or around them, ar- 
very near each other, muft mutually attrad. The fame ranges them in the diredion of its motion, juft as we 
thing may be faid of a third, a fourth, and fo on. And obferve a ftream of water arrange the fiote grafs and 
thus it appears that not only is magnetifm induced on weeds. It would require a volume to detail the diffe- 
them all, but alfo that the magnetifm of each is fo dif- rent manners in which thofe mechanicians attempt to 
pofed, that both ends of it are in a ftate of attradion account for the attradion, repuliion, and polarity of 
for the ends of fome of its neighbours ; and that they magnetic bodies, by the mechanical impulfioir of this 
will therefore arrange themfelves by coalefcence in fome fluid. Let it fuffice to fay, that almoft every ftep ot 
particular manner. Should a parcel of them chance to their theories is in contradidion to the'acknowledged 
be ftanding with their centres in a magnetic curve, with laws of impulfion. Nay, tne whole attempt is againft 
their heads and points turned in any ways whatever, the firft rule of all philofophical difeuffion, never to ad- 
the moment that the magnet is brought among them, mit for an explanation of phenomena the agency of 
and fet in the axis of that magnetic curve, the whole any caufe which wre do not know to exifl, and to ope- ? 
pieces of this row will inftantly turn towards each other, rate in the very phenemenon. We know of no fuch 
and their ends will adhere together, if they are near fluid; and we can demonftrate, that the genuine ef- 
enough ; otherwife they will only point toward each feds of its impulfion would be totally unlike the phe- 
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nomena of magnetifm. Bat the proper refutation of 
thefe theories would fill volumes. Let it fuffice (and 
to every logician it will abundantly fuffice) to remark, 
that this phenomenon is but a fecondary fadt, depending 
on, and refulting from, principles much more general, 
viz. the indudtion of magnetifm, and the attraction of 
diffimilar, and repulfion of fimilar, poles. 

The above explanation of the curious difpofition of 
iron filings round a magnet, occurred to the writer of 
this article while ftudying natural philofophy, on fee- 
ing the Profeffor exhibit Mr Henfhaw’s beautiful expe- 
riment in proof of terreftrial magnetifm*. He at that 

* See Va- time imagined himfeif the author, and promifed him- 
riation, felf fome credit for the thought. But having feen the 
Encyd. Phyjiohgia Nova de Magneto by Dr Gilbert, he found 

5tI* that it had not efcaped the notice of that fagacious phi- 
lofopher ; as will appear pail difpute from the following 
paffage, as well as fome others, lefs pointed, in that work: 
“ Magnetica frufta (that is, fubflances fufceptible of 
magnetifm) bene et convenienter intra vires pofita, mu- 
tuo cohserent. Ferramenta, prefente magnete (etiamli 
magnetem non attingant), concurrunt, folicite fe mutuo 
qu3erunt,et amplexantur,et, conjundta,quafi ferruminan- 
tur. Scobs ferrea, vel in pulverem redadla, iiflulis im- 
polita chartaceis—fupra lapidem meridionaliter locata, 
vel propius tantum admota, in unum coalefcet corpus ; 
ct fubito tarn multa? partes concrefcunt et combinantur; 
ferrumque aliud affeddat conjuratorum turma et attra- 
hit, ac ii unum tantum et integrum effet ferri bacillum; 
dirigiturque fupra lapidem in feptemtriones et meridiem. 
Sed cum longius a magnete removeantur (tanquam fo- 
luta rurfus) feparantur, et diffluunt fingula corpufcu- 
la.” B. ii. c. 23. 

Mr iEpinus alfo had taken the fame view of the fub- 
* See §3c6.jedt *. It is alfo very clearly conceived and expreffed 

by the celebrated David Gregory, Savilian Profeffor of 
aftronomy in the Univerfity of Oxford, in a MS. vo- 
lume of notes and commentaries, written by him in 
1693, on Newton’s Principia, and ufed by Newton in 
improving the fecond edition. The MS. is now in the 
library of the univerfity of Edinburgh. Gregory’s 
words are as follow : “ Mihi femper dubium vifum eft 
num magnetica virtus mechanice, i. e. per impulfum, 
producatur. Mirum eft, effluvia, quae ferrum agitare 
valent, bradteas aureas interpojitas ne vel minimum a 
loco movere. Lucretii et Cartefii theoriam, de fugato 
intermedio acre, refutat experimentum infra aquam in- 
llitutum. Sulci in limatura ferru magneti in piano cujuf- 
vis meridiani circumpojita, non jiunt ab ejjluviis fecundum 
ijlos canales metis, fed ex hide, quod ipfa ramenta, mag- 
netics ex citato, fefe fetundum longitudinem et fecundum pa- 
lps difponunt. Ex altera vero parte ex hide quod vis 
magnetica, interveniente hamma aut calore, interrumpa- 
tur, quod virga ferrea, vel diuturno fitu perpendiculari, 
vel in eo fitu frigefeendo, virtutem magneticam a tel- 
lure acquirat, ut nos docet perfpicacilfimus Gilbert us. 
Quod mallei fuper incudem idtu forti ad alterum ex- 
tremum, virtutem acquirat magneticam; quod idtu forti 
vel faltem fortiori ad alterum extremum poli permu- 
tantur, ut qui prius feptemtriones refpiciebat nunc 
auftrum refpicit ; quod, idtu forti ad medium, virtutem 
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illam prorfus amittat. Haec inquam, et fimiKa, mecha- 
nicam ejus qualitates ortum arguunt. Hugertius, praj. 
ter gravitatem, etiam magneticam, et eledtricam virtu- 
tem, aliafque plures experimento novit vires naturales, 
ut mihi ipfi narravit hac eftate anni 1693. Qualis ut ' 
base forfitan quod cymba papyracea, prope labra vafis 
aquam, cui innatet, continentis, pofita, labrurn viciniffi- 
mum continuo, et, cum impetu petal (a).” Nat. MS. 
in Prop. 23. ii. Prin. 

48 Not only the mere arrangement of the filings in curve Filing's are 
lines follows of neceffity from the properties of induced v'fakiy at- 
magnetifm, but all the fubordinate circumftances of thistrafled- 
phenomenon are included in the fame explanation. By 
continuing to tap the table, and throw it into tremors, 
the filings are obferved to approach gradually, but very 
flowly, to the poles of the magnet. Each particle is a 
very fmall temporary magnet. The attradtive power 
of the great magnet, m — p — n — is therefore ex- 
tremely fmall in proportion to its directive power, m p 
— n -f q. And we obferve that the accumulation of 
the filings round the poles of the magnet is fo much 
the flower as the filings are finer. 

If a paper be laid above the magnet, and the filings Curioui 
be fprinkled on it, we obferve them to conftipate alongfaift* 
its edges, while none remain immediately above its fub- 
ftance ; they are all beyond, or on the outfide of its 
outline, and they are obferved not to be lying flat on the 
paper, but to be ftanding obliquely on one point. They 
move off from the paper immediately above the magnet, 
becaufe they repel each other. They Hand obliquely 
from the edges, becaufe that is the diredtion of a magn 
netic meridian at its parting from the pole. If the 
magnet be at fome difiance below the paper, then tap- 
ping the paper will caufe the filings to move away from 
the magnet laterally. This lingular and unexpedted ap- 
pearancp is owing to the combination of gravity with 
the magnetic adion. A particle, fuch as w j (fig. 1 3.), 
refts on the paper by the point n, which is a temporary 
north pole (S being fuppofed the fouth pole of the 
magnet). I he particle takes a pofition n s nearer to 
the horizon than the pofition n 0, which it would take 
if its centre of gravity b were fupported. The pofition 
is fuch, that its weight, adting vertically at b, is in equi- 
librio with the magnetic repulfion s d, exerted between 
S and j, When the paper is tapped, it is beaten down,, 
or withdrawn from «, and the particle of iron is left for 
a moment in the air. It therefore turns quickly round 
l, in order to affume a pofition parallel to n 0, and it 
meets the paper, as that rifes again after the ftroke,. 
in a point farther removed from the magnet, and again 
defeends by its weight (turning round the newly fup- 
ported point n), till it again takes a pofition parallel to 
ns, but farther off, as reprefented by the dotted line. 
Thus it travels gradually outwards from the magnet, 
appealing to be repelled, although it is really attradled 
by it. If the magnet be held above the paper, at a 
little diftance, the filings, when we repeatedly pat the 
paper, gradually collea into a heap under it. This will 
appear very plainly to one who confiders the fituation 
of a particle in the manner now explained. 

(a) Perhaps it may be proper to obferve, that Dr Gregory expreffes his differing in his opinion from Newton 
about magnetifm. _ Newton, in this propofition, thinks that the law of magnetic aftion approaches to the in* 
/^rfe tiiplicate ratio of the diftances. Dr Gregory invalidates the argument ufed by Newton. 
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50 The curve lines formed by very fine filings approach 
lings ar- very nearly to the form of the primary curve which in- 
n%e dicates the law of magnetic adlion in the way already 
lgnet,lC' explained. If the magnet be placed under water, and 

’ if filings be fprinkled copioufiy on the furface of it from 
a gauze fearce, held at fome diftance above it, the refin- 
ance to their motion through the water gives them 
time to arrange themfelves magnetically before they 
reach the bottom, and the lines become more accurate. 
But they W'ere fo much deranged by any method that 
we could take for removing the water, and meafuring 
them, that we were difappointcd in our expeftations of 
obtaining a very near approximation to the law’ of ac- 
tion. 

.lib in fe- We took notice of fome very fingular phenomena of 
mdary a COmpafs needle in the neighbourhood of two magnets, 
irves‘ and we obferved that, in this cafe alfo, the needle was 

always a tangent to a curve of another kind, and which 
we called fecondary and compound magnetic curves. Thefe 
are produced in the fame way, by llrewing iron-filings 
round the magnets. Many reprefentations have been 
given of thefe curves by different authors, particularly 
by Mufchenbroeck, in his EJfais de Pbyfique; and by Fufs 
in the Comment. Petropollt. Great ufe has been made 
of thefe arrangements of filings by two magnets in the 
theories of magnctifm propofed by thofe who infill on 
explaining all motion by impulfe. When the diffimilar 
poles of two magnets A and B (fig* 14*) face each 
other, the curves formed by the filings confiderably re- 
ferable thofe which furround a fingle magnet, and give 
the whole fomewhat of the appearance of a magnet 
with very diflufed poles. The arranging fluid, which 
ftreams from one pole of a magnet, is fuppofed to meet 
with no obftrudlion to its entry into the adjoining pole 
of the other magnet, but, on the contrary, to be impel- 
led into it ; and therefore (fay the propofers) it circu- 
lates round both as one magnet, and by its vortex brings 
the magnets together ; which phenomenon we call the 
attraction of the magnets. But when the fimilar poles 
front each other ; for example, the poles from which 
the arranging fluid iffues, then the two llreams meet, 
obftrudt each other, accumulate, and, by this accumula- 
tion, caufe the magnets to recede from each other ; 
which we call the repulfion of the magnets. This is the 
only explanation of this kind that can make any preten- 
fions to probability, or indeed that can be conceived. 
For how the free circulation in the former cafe can bring 
the two magnets together, no perfon can form to him- 
felf any conception. We fee nothing like this produ- 
ced by any vortex that we are acquainted with. Ail 
fuch vortices caufe bodies to feparate. But even this 
explanation of magnetic repulfion is inadmiffible. It 
will not apply to the repulfion of the receiving poles ; 
and the phenomena of the filings are inconfiftent with 
the notion of accumulation. The filings indeed accu- 
mulate, and they look not unlike two dreams which op- 
pofe each other, and defledt to the fides (fee fig. 15*) • 
But, unfortunately, by tapping the paper gently, the 
filings do not move off from the magnets, but approach 
them much falter than in any other experiment. The 
phenomenon receives a complete and palpable explana- 
tion from the principles we have eltabliffied. Both mag- 
nets concur in giving the fame polarity to every par- 
ticle of the filings. Thus, if the fronting poles are 
north poles, each particle has its neareft end made a vi- 
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gorous fouth pole, and its remote end a north pole; and 
it is therefore llrongly attracted towards both magnets 
while it is arranged in the tangent to the fecondary 
curve of that clafs, which eroffes the others nearly at 
right angles. 52 

Since it is found, that the magnetifm, even of natu Magnets 
ral loadlloues and hard Heel, and Hill more thoie of iof-nu1^ 
ter tempered Heel, are continually tending to decay ; 
and fince we find that it may be induced by mere ap- 
proach to a magnet ; and fince we know that magnets 
may oppofe each other in producing it—it is reafonable 
to fuppofe, that when a piece of iron has acquired a 
flight, though permanent magnctifm, by the vicinity of 
a magnet, a magnet applied in the oppofite diredlion 
will deilroy it, and afterwards produce the oppofite 
magnetifm. 

Accordingly, we may change the poles of foft mag- 
nets at pleafure. 

Farther; fince we find that loadftones and hard tem- 
pered Heel bars are diftinguilhed from foft ones only by 
the degree of obftinacy with which they retain their 
prefent condition, we Ihould alio expebl that hard mag- 
nets will even affeft each other. It mull therefore hap- 
pen, that a powerful magnet applied to a weak one, fo 
that their fimilar poles are in contaft, (hall weaken, de- 
ftroy, and even change the raagnetilm of the weaker. 
Dr Knight’s famous magazine of magnets enabled him 
to change the poles of the greateft and the (trongeft na- 
tural loadilone, or artificial magnet, that could be given 
him, in the fpace of one minute. ^ 

We now fee clearly the reafon why magnetic repul- Attra&ion 
fion is weaker than attraftion at the fame dillance. aP_ 

When magnets are placed with their fimilar poles front- Pcalt0 ex" 
ing each other, in order to make trials of their repul- q01K 

r 

fion, they really do weaken each other, and are not in 
the fame magnetical condition as before. For fimilar 
reafons, we fee how experiments with magnets attraft- 
ing each other rather improve them, and make their 
attraftive powers appear greater than they are. All 
thefe efftfts mull be moll remarkable in foft magnets, 
efpecially when long. 

We alfo fee, that the obferved law of attraftion and The obfer- 
repulfion between twm magnets muff be different from ved law 
the real law of magnetic aftion. For, in the ex peri - 
ments made on attraftion at different diftances, begin- 
ning with the greatell diilance, the magnetifm is con- 
tinually increafing, and the attraftion will appear to in- 
creafe in a higher rate than the juft one : the contrary 
may happen, if we begin with the fmaller diftances. 
The refults of experiments on repulfion muft be dill 
more erroneous ; becaufe it is eafier to diminifh any ac- 
cumulation which required an exertion to produce it, 
than to pufh it ftill farther. ^ 

We have'mow a complete explanation of the remark- Magnetifm 
able faft, that the induftion of magnetifm does not improves 
weaken the magnet employed; but, on the contrary; by inllu" 
improves it. The magnetifm induced on the iron caufes^”'^ 1 0 

it to aft on the magnet employed in the very fame man- 
ner that a permanent magnet of the fame ftiape, fize, 
and ftrength, would do. Nay, it wull have even a great- 
er effeft ; for as it improves the magnet, its own indu- 
ced magnetifm will improve ; and will therefore ftill 
farther improve the magnet. 

Hence it is, that, in whatever manner a magnet 56. 
touches a piece of iron, it improves by it. It may be 

R 2 hurt 



132 

57- 

58 
Making of 
artificial 
jnagnets. 

MAGNETISM, 

hurt by a magnet in an improper pofition ; but it always 
puts common iron into a (late which increafes its own 
magnetifm. This has been known as long as magne- 
tifm itfelf; and the ancients conceived the notion that 
the magnet fomehow fed upon the iron (b). 

We think that thefe obfervations authorife us to fay, 
that in reducing a loadftone into a convenient lhape, as 
much as poffible of the operation fhould be performed 
by grinding them with emery, in cavities made in large 
blocks of hammered iron. The magnetifm inauced on 
the iron mull be favourable to the confervation of that 
in the loadftone ; which, we are pertuaded, is rapidly 
diflipated by the tremors into which this very elaftic 
fubftance is thrown by the grinding with coarfe powders 
in any mould but iron. We imagine that the cutting 
off flices by the lapidaries wheel has the fame bad effeft. 

Not only will a magnet lift a greater lump of i.on 
by its north pole, when another lump is applied to its 
fouth pole, but it will lift a greater piece of iron from an 
anvil than from a wooden table : for the magnet indu- 
ces the properly difpofed polarity, not only in the iron 
which it lifts, but alfo in the anvil, or any piece of iron 
immediately beyond it. This is fo difpofed as to in- 
creafe the magnetifm of the piece of iron between them; 
and therefore to increafe their attraction. The mag- 
netifm induced on the anvil is alfo in part, and per- 
haps chiefly, induced by the intervening iron. Thefe 
experiments are extremely variable in their refults.— 
Sometimes a fmall magnet will pull an iron wire from a 
large and ftrong one. Sometimes this will be done even 
by a piece of unmagnetic iron ; and the refults appear 
quite capricious. But they are accurately fixed, depend- 
ing on the induced compound magnetifm. Mr ^Epi- 
nus has ftated fome of the more fimple cafes, in which 
we can tell which magnet fltall prevail. But the un- 
folding even of thefe cafes would take a great deal of 
room, and muft be omitted here. Befides, we are too 
imperfe&ly acquainted with the degree of magnetifm 
induced on the various parts of an iron rod, and the de- 
gree of magnetifm inherent in the various parts of the 
magnets, to be able to fay, with certainty, even in thofe 
fimple cafes, on which fide the fuperiority of attraction 
will remain. 

We may now' proceed to deduce from this theory 
(for fo it may juftly be called, fince all is reduced to 
one fadt) the procefs for communicating magnetifm to 
bodies fitted for receiving and retaining it ; that is, the 
method of making artificial magnets. We {hall not 
employ much time on this, becaufe the moft approved 
methods have been delivered at length in the article 
Magnetism of the Encyclopedia Britannic a; and there- 
fore we {hall juft make fuch obfervations on them as 
ferve to confirm, or to perfeCt them by the theory. We 
acknowledge, that we do not know the internal procefs 
by which magnetifm is induced, nor even in wdiat this 
magnetifm confifts. All that we know is, that the 

bringing the pole of a magnet near to any magnetifable 
matter, produces a magnetifm of the kind oppofite to 
that of the pole employed. We know that this is the 
cafe wdth both poles, and that it obtains at all the dif- 
tances where magnetifm is obferved. We know that 
the adion of one pole is contrary to that of the other ; 
that is, it counterads the other, prevents it from pro- 
ducing its effed, and deftroys it when already produced: 
and we know that the produdion of thefe effeds re- 
fembles, in its refult, the protrufion of fomething fluid 
through the pores of the body, conftipating it in all re- 
mote parts ; as if the virtue of a pole refided in this 
moveable matter. This is nearly all that we know of it; 
and by thefe fads and notions we muft judge of the pro- 
priety and effed ofall theproceffes formagjietifingbodies. 

The moft fimple method of magnetifing a fteel bar, 
is to apply the north pole of a magnet to that end 
w'hich we wifh to render a fouth pole. Attention to 
the effeds of this application is very inftrudive. Have 
in readinefs a very fmall compafs needle ; turning on its 
pivot. It fhould not exceed half an inch in length, 
and fhould be as hard tempered as poffible, and ftrong- 
ly impregnated. Immediately after the application of 
the magnet, carry the needle along the fide of the bar. 
If the bar be long, and very hard, we {hall obferve a 
fouth polarity at the place of contad ; a north polarity 
at a fmall diftance from it ; beyond this a weak fouth 
polarity ; then a weak and diffufed north polarity, &c. ; 
toward the remote end the polarity will be found very 
uncertain. The fame thing may be difcovered by lay- 
ing a ftiff paper on the bar, and fprinkling iron filings 
over it, and then gently tapping the paper, to make 
them arrange themfelves in curve lines; which will 
point out the various poles, and {hew whether they are 
diffufed or conftipated. It is very amufing and inftruc- 
tive to obferve the progrefs of this impregnation. In 
a few minutes after the firft application of the magnet, 
we {hall perceive the ftate of magnetifm very fenfibly 
changed. The north pole will be farther from the mag- 
net, and will be more diftind; the fouthern polarity will 
alfo be protruded, and may'appear for a moment at the re- 
mote extremity'. The change advances; but the progrefs 
is more flow, and at laft is infenfible. When the bar is 
not harder than the temper of a cutting tool, the pro- 
cefs is foon over ; and if the bar is but fix or eight inches- 
long, the remote end {hews the north polarity in a very 
few minutes. When the bar is very hard, the progrefs 
of impregnation is greatly expedited by ftriking it io as 
to make it found. If it be fufpended by a ftring in a 
vertical pofition, and the magnet applied to its lower 
end, the ftriking it with a key will make it ring ; and 
in this way make the progrefs of magnetization very 
quick : but it does not allow it to acquire all the mag- 
netifm that can be given it by a very ftrong magnet. 

But this is a bad way of impregnation. It is feldom 
that uniform magnetifm, with only two poles, and thofe 

of 

(®) So Claudian. “ Nam ferro nurunt vitam, ferrique vigore 
Vefcitur, hoc dulces epulas, hoc pabula novit 
Hinc proprias renovat vires, hinc fufa per artus 
Afpera fecretum fervant alimenta vigorem 
Hoc abfente perit, trifti morientia torpent 
Membra fame, venafque fitis confumit apertas.,, 

Pliny fays, “ Sola haec materia (ferrum) vires ab eo lapide, accipit retinetque longo tempore, aliud appre- 
hendens ferrum, ut annulorum catena fpedetur interdum, quod imperitum vulgus ferrum appellat vivum. 
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of equal ftrength, can be given. Even when there are 
but two, the remote pole is generally diffufed, and 
therefore feeble. It is much improved by employing 
two magnets, one at each end. And if the bar is not 
more than fix or eight inches long, and good magnets 
are employed, the magnetifm is abundantly regular. 
This, accordingly, is practifed for the impregnation of 
dipping needles, which mull not be touched, left we 
difturb the centre of gravity of the needle. But in all 
cafes, this method is tedious, and does not give lining 
magnetifm. 

The method which was ufually pradlifed before, we 
had obtained a pretty clear knowledge of magnetifm, 
was to apply the pole of a magnet to one end of the 
bar, and pafs it along to the other end, preffing mo- 
derately. This was repeated feveral times on both fides 
of the bar, always beginning the ftroke at the fame end 
as at firft, and, in bringing the magnet bade to that 
end, keeping it at a diftance from the bar. The effed 
of this operation was to leave the end at which we be- 
gan the itroke poffefTed of the polarity of the pole em- 
ployed. 

A general notion of the procefs may be given as fol- 
lows, obferving, however, that there occur very many 
great and capricious anomalies. When the north pole 
N (fig. 16.) of the magnet A is fet on the end C of 
the bar CBD, a fouth pole is produced at C, and a 
north pole at D, when the length of the bar is mode- 
rate. As the magnet advances flowly along the bar, 
the fouthern polarity at C firif increafes, then diminilhe.s, 
and vanilhes entirely when N has arrived at a certain 
point a ; after which, a northern polarity appears at C, 
and increafes during the whole progrefs of the magnet. 
In the mean time, the northern polarity firfl produced 
at D increafes till the magnet reaches a certain point 
then diminifnes, vanifhes when the magnet reaches a 
certain point f; after which, a fouthern polarity ap- 
pears at 1), which increafes till the magnet reaches D. 
Mr Brugmann, who firft attended minutely to thele par- 
ticulars (^for Gilbert fpeaks of them pointedly), calls a 
andypoints of indifference, and e the culminating point 
of the pole D, and i the culminating point of the pole 
C. Hardly can any general rule be given for the fitua- 
tion of thefe points, nor even for the order in which 
they ftand ; fo great and capricious are the anomalies 
in an amazing (cries of experiments narrated by Biug- 
mann and by Van Swinden. Repeating the operation, 
and beginning at C, the northern polarity there is wea- 
kened (fometimes deftroyed), then reftored, and conti- 
nually increafed during the reft of the ftroke. i he 
fouthern polarity at D is alio firft weakened, and fome- 
times deftroyed ; then reftored, and finally augmented. 
The points i, a, e,f, change their iituations, and fre- 
quently their order. 

Van Swinden has attempted to deduce fome general 
law's from his immenfe lift of experiments, avoiding 
every' confideration of a hypothefis, or the leaft conjec- 
ture by w'hat means thefe taculties are excited. But 
though we have perufed his inveftigation with care and 
candor, we muft acknowledge, that w e have. not deri- 
ved any knowledge which can help us to predict the re- 
fult of particular modes of treatment with any greater 
precifion than is fuggelled by a iort of common fenle 
aided (or perhaps perverted) by a vague notion, that 
thele energies refide in fomethiog, which avoids the 
pole of the fame name, carrying along with it this di- 

ftin&ive energy or polarity. This conception tallies 
perfectly wfith thefe obfervations of Brugmann and Van 
Swinden ; and admits of all the anomalies in the fitua- 
tion of Bergmann’s indifferent and culminating points, 
if we only fuppofe that this motion is obftrudted by the 
particles of the body. We muft leave this to the re- 
fledfion of the reader, who wull guefs how, when the 
magnet is between C and i, this fubftance, avoiding the 
pole N of the magnet, efcapes below it, and goes to- 
ward the farther end. As the magnet advances, it 
drives fome of this back again, &c. &c. This is gra- 
tuitous; but it aids the fancy, w'hich, without fome con- 
ception of this kind, has no object of Heady contempla- 
tion. We have no thought when w'e fpeak of the ge- 
nerating at C, or a, or e, a faculty of fome kind, by the 
exertion of the fame faculty in N. The conception is 
too abftrafted, and much too complex. We muft con- 
tent ourfelves with knowing, that N produces a fouth 
pole immediately under it, and a north pole everywhere 
elfe, or endeavours to do fo. It is unneceffary to infill 
longer on this method : Common fenfe (hews it to be 
a very judicious one. 

This method was greatly improved in beginning the 
friction at the centre. Apply the north pole at the 
centre or middle of the bar, and draw it over the end 
intended for the fouth pole. Having done this feveral 
times to one end on both fides, turn the magnet, ap- 
plying its fouth pole to the middle of the bar, and draw- 
ing it feveral times over the end intended for the north 
pole. 

It was dill more improved by employing two mag- 
nets at once, placed as in fig. 17. on the middle B of 
the bar, and drawing them away from each other, over 
the ends of it, as (hewn by the directing darts, and re- 
peating this operation. It is plain that, as far as we 
underftand any thing of this matter, this procefs muft 
be much preferable to either of the former two. The 
magnets A and E certainly concur in producing a pro- 
perly difpofed magnetifm on all that lies between them; 
and therefore on the whole bar at the end of each 
Itroke. The end C muft become a north, and D a 
fouth pole. Still, how'ever, as the ftroke goes on to the 
point of indifference, each magnet tends to weaken the 
polarity of the parts fituated beyond it. 

This method continued to be pradtifed till about the 
year 175'-'" Mir Canton, availing himfelf of toe expe- 
riments of Mr Mitchell of Cambridge, pubnfiied his me-- 
thod by the double touch as it is called. See.Monthly 

for 1785. ^ „ 
We need not repeat what has been detailed in the Method of 

Encyclopedia, Magnetism, p. 44P* an<^ fhah onif 
make (ome obfervations on the peculiar advantages, of 
this procefs, as preferibed by Mitchell, Canton, and im- 
proved by Mr Antheaume, in ins memoir fur les Ai- 
mans artiffuiels 1766, which was crowned by^the Aca- 
demy of Sciences, (See alio differtations on the (ubjett 
by Le Maine and Du Hamel, 1745). 

There is an evident propriety in the arrangement in- 
vented by Mr Mitchell, reprefented in fig. 18. The 
magnetifm induced on the two pieces of (oft iron AD 
and BC is an excellent method iox ft curing every accef- 
fion of magnetifm to cither of the bars. A good deal 
depends on the proper (ize and length of theie pieces ; 
and our ignorance of the interior procefs obliges us to 
have recourfe to experiment alone for afeertaining this. 
Whatever circumftances induce the ftrongeft magnetifm 
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on thefe pieces of iron, will caufe them to produce the 
greateft effect on the iteel bars ; and this will be indica- 
ted by a greater attra&ion. Therefore that diltance will 
be the belt which enables two bars AB and DC to lift 
the greatell weight hung on the piece AD or BC. 
When we impregnated bars udiofe breadth was about 
one-tenth of their length, and their thicknefs about one- 
half of their breadth, we found, that if AD was about 
one-fourth, or nearly one-third, of AB, they carried 
more than if it was either much longer or much {holi- 
er. Mr Antheaume’s addition of the two great bars of 
iron E and F makes a fenlible improvement of the be- 
ginning of the impregnation, when very weak magnets 
are employed ; but did not feem to us to be of any far- 
ther fervice on the table. This is agreeable to any 
theory which can be ellablifhed by what we have faid 
hitherto. 

The method of employing the magnets A and E 
(fig. 19), preferibed by Mitchell and Canton, is ex- 
tremely judicious. The meeting of the diffimilar poles 
at top increafes the magnetifm of each. The two dii- 
fimilar poles F and G, certainly tend to give a regular 
and proper magnetifm to the part FG of the bar which 
lies between them ; and this is the cafe on whatever 
part of the bar they are placed. But each pole tends 
to deftroy the prefent magnetifm of what lies between 
it and the pole of the bar on that fide. But mark— 
they tend to produce the defired magnetifm on what 
lies between them with the fum of their forces; while 
each tends to dellroy the magnetifm of the part with- 
out it by the difference only of their forces. Therefore, 
on the whole, as they are moved to and fro along the 
Bar, and the foremoft one even made to pafs over the 
end of it a little way, they always add to the magnetifm 
already acquired. This confideration feems to enjoin 
fetting F and G extremely near each other ; for this 
feems to increale the fum, and to diminifh the difference 
of their adlion. But it may be a queflion, Whether 
we gain more by ftrongly magnetiting a very fm'all part 
during a very fhort while that the magnets pafs over 
it, or by ailing on more of the bar at once, and conti- 
nuing a weaker aifion for a longer while on this larger 
portion. Mr iEpinus adds another confideration de- 
pending on his notion of the internal procefs ; but we 
defer this to another opportunity. The fafeft direction 
feems to be, to place them at the diflance which ena- 
bles them to lift the greatefl weight. They are then 
undoubtedly ailing with the greateft effeil. 

Mr Antheaume direils to place the touching magnets 
as in fig. 20. for a reafon to be mentioned afterwards. 
Mr ^Epinus alfo recommends it for reafons founded on 
hi s own hypothefis. We muft fay, that in our trials, 
we have found this method very fenfibly fuperior, Spe- 
cially in the latter parts of the operation, when the re- 
fiftance to farther impregnation becomes nearly a ba- 
lance for the accumulating power of the magnets ; and 
we confider this as no inconfiderable argument for the 
juftice of Mr iEpinus’s hypothefis. 

The great advantage of this method is the regularity 
of the magnetifm which it produces. We never find 
more then twojpoles ; and when the bars are hard, and 
of uniform texture, the polarity is very little diffufed, 
and feemingly confined to a very fmall fpace at the 
very extremities of the bar. This is indeed a prodi- 
gious advantage in point of ftrength. It is no lefs fo 
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in order to fit the magnets for experiments on the law 
of magnetic a6lion ; for the latitude which the diffufed 
condition of the poles gives in the felection of the points 
from which the diftances are to be computed, has hi- 
therto hindered us from pronouncing on the law of 
magnetic adtion with the precifion of which we think 
it fully fufceptible. This method alfo is the only one 
by which we have been able to impregnate two bars 
joined end to end, coniidering them as one bar. We 
have fometimes (though very rarely) fucceeded in this ; 
fo that when filings were ftrewed over them, the ap- 
pearance could not be diftinguifhed from a fingle bar.— 
N. B. Yet even in this cafe, in one experiment with 
two bars of fix inches long, treated as one, when it 
could not be diftinguifhed, either by the appearance of 
the filings, or by going found it very near with a com- 
pafs needle, a very fmall compafs needle difeovered a 
neutral point, and a reverfion of polarity fimilar to 
fig. 14. at I, fhewing that it was really adding as two 
bars. Perhaps it muft always be fo ; and this queftion 
is of confiderable importance in the eftablifhment of any 
theory of the internal procefs. 

It deferves remark, that, in order to fucceed in this 
attempt, a very confiderable preffure is neceffary. Wre 
were obliged to clean the ends of the bars very careful- 
ly, and to force the frame of bars and foft pieces of iron 
ftrongly together by wedges, in the manner of a form 
of types. We thought that wetting the ends of the 
bars with pure water aided the experiment ; and we are 
very certain that oil not only greatly obftrudled it, but 
even fenfibly impeded the common procefs. We had 
put a fingle drop of oil on a pair of bars which we were 
touching in the common Cantonian method, that the 
magnets might be more eafily drawn along them ; but 
we were furprifed at finding that we could not give a 
ftrong impregnation. The oil undoubtedly prevents 
the clofe contadl. We found the fineft gold leaf pro- 
duce the fame effeft in a great degree ; as alfo talc, of 
which a fquare inch weighed ^th of a grain. We do 
not infer any thing like obftrudlion to the paffage of 
fomething material, but rather aferibe it to mere di- 
flance; although we are of opinion, that in the impreg- 
nation of two contiguous bars, fo that the magnetifm 
(whatever it is) is difpofed precifely as in one bar, there 
is a material transference. But we fhall fpeak of this in 
its due place. 

It is not unworthy of remark, that we found bars to 
acquire more powerful magnetifm when pretty well po- 
lifhed than when rough. But we alfo found, that bars 
conliderably rough acquired the firft degrees of it much 
more expeditioufly than thofe which are fmooth ; al- 
though we never could bring them to that high degree 
of magnetifm that the fame bars acquired after they 
had been polifhed. We think it probable, that the 
tremors, occationed by the rough and harfh furfaces of 
the hard fteel, are the caufes of this phenomenon. 

Some more obfervations on this method of the double 
touch will be made afterwards, when we confider the 
hypothefis of Mr TEpinus ; and we conclude the pre- 
fent fubje6l, by attempting to explain fome puzzling 
appearances which frequently occur in making artificial 
magnets. 60 

A bar touched by a very ftrong magnet has been Difficulties 
faid by Mufchenbroek to be impaired by going over itexPia‘ned* 
with a weaker magnet. If it had been made as ftrong 

as 



M A G N 

as poffible, the weaker magnet, when paCed over it in 
the way prailiPed by Mufchenbroek, muft jirji deftroy 
part of this magnet ifm ; and having done fo, it is un- 
able to raife it anew to the fame degree of vigour. 

Yet (fays Mufchenbroek with furprife) a large bar 
of common iron has greatly improved the magnet. A 
very large piece of iron mujt do this (efpecially if fha- 
ped like a horfelhoe, and applied with both heels), if 
the bar be not already at its maximum. 

It was thought wonderful, that, in the method of 
double touch, not only was the magnetifm of the mag- 
nets employed not impaired, but, beginning with two 
mao-nets, vvhofe power is almolt infeniible, and repeat- 
ing the operations in the precife manner defcribed by 
Mitchel or Canton, not only the bars intended to be 
made magnetical, but alfo the magnets employed, may 
be brought to their higheft poffible Rate of magnetiim. 
This is in evident conformity to the general fads of in- 
duced magnet ifm, and affords the ftrongtff proof that 
nothing is communicated in this operation, but that 
powers refiding in the bars are excited, or brought into 
adion. The manipulation merely g'vuss oecajion to this 
adion, as a fpark of fire kindles a city, 

xplana- There {fill remain fome circumffances of this method, 
onof th« as pradifed by Savery, Canton, and Antheaume, which 
eginnir.g are extremely curious and important, 
f Savery, ^jr gavery pacl obferved a final! bit of fled acquire 

ndAn- vei7 tenfible magnetifm by lying long in contad with 
Jneaume’a the lower end of a great window bar. Telling this to 

rocefs. a friend, he was, for the fir ft time, informed, that this 
had been long obferved, and that Dr Gilbert had made 
fome curious inferences from it. Mr Savery wanted 
fome magnets, and was at a diftance from town. Re- 
fleding, like a pliilofopher, on what he had heard and 
obferved, he faw here a fource of magnetifm which he 
could increafe, in the manner commonly pradifed in 
making magnets. He placed the bar AB (fig- 21.) 
to be magnetifed between two great bars of common 
iron C and D, placing all the three in the magnetical 
diredion. He took another bar EF, and put two little 
pieces of iron, like the armour of a loadftone, on its 
ends : and with thefe ends he rubbed the bar AB, rub- 
bing the upper half of it with the end Frand the lower 
with the end F. The refult of this was a very brifk 
magnetifm in a few minutes, which, by various well de- 
viled alternations, he brought it to its higheft degree. 
His numerous experiments publilhed in the philofophi- 
cal Tranfadions in 1 746, contain much curious infor- 
mation, highly deferving the attention of the philofo- 
phers. Mr Canton, proceeding on the fame princi- 
ple, that bars of iron, which have been long in a verti- 
cal pofition, acquire an efficient magnetifm, begins his 
operations by placing his fteel bar on the head of a 
kitchen poker, and rubs it with the lower end of a pair 
of kitchen tongs. Mr Antheaume adheres more ft'id- 
ly to the inferences from the principle of terreftrial 
magnetifm, and repeats precifely the previous difpoii* 
tion of things pradifed by Mr Savery, placing his-httle 
fteel bar AB (fig. 2^.) between two great bars C and 
D of common iron, and arranging the whole in the 
magnetic diredion. Then, proceeding moft judiciouf- 
ly on the fame principle, he greatly improves the pro- 
cefs, by employing two bars EF and GH for the 
touch, holding them about an inch apart, inclined a- 
feout 150 to the bar AB. It is plain, that the lower end 
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of each of thefe live bars is a north pole, and the upper 
end a fouth pole. Therefore the poles F and G con- 
cur in giving the proper magnetifm to the portion FG 
of the fteel bar which is between them ; and by rub- 
bing it with thefe poles up and down, overpaffing each 
extremity about half an inch, he muft foon give to the 
bar AB a regular magnetifm ; weak, perhaps, but to 
be afterwards increafed in the Cantonian method, on a 
horizontal table. In this manner did Mr Antheaume 
make magnets of very great ftrength in 1766. See his 
Differtation already quoted. 6% 

Thefe obfervations naturally bring us to the Physio-Gilbert’s 
logia Nova de Magnet et corforibus MAGNE-,erre 

ticis of Dr Gilbert ; a difcovery which the fagaciousma^netl 

Kepler claffes among the greattft in the annals of 
fcienee. 

It could not be that a phenomenon fo general, and 
fo interefting and important as the natural polarity of 
magnetic bodies, would be long known without exci- 
ting euriofity about its caufe. Accordingly the philo- 
sophers of the 16th century fpeculated much about it, 
and entertained a variety of opinion, if that can be 
called an opinion which can hardly be faid to exprefs a 
thought. We have in Mar Jig h Fic'ino a fhort notice 
of many of thefe opinions. Some maintained that the 
needle was dire&ed by a certain point in the heavens, 
as if that were faying more than that it always pointed 
one way. Others, with more appearance of reafoning, 
afcribed the direftion to vaft magnetic rocks. But all 
this was without giving themfelves the trouble of try- 
ing to afcertain what fituation of fuch rocks would pro- 
duce the diredfion that is obferved. Fracafteri was, if we 
miftake not, the fir« who thought this trouble at all ne- 
ceffary ; and he cbferves very fenfibly, that if thofe rocks 
are fuppofed to be in any place yet vifited by naviga- 
tors, and if they adf as loadftones do (a circumftance 
which he fays muft be admitted, if we attempt to ex- 
plain), the diredlion of the needle will be very different, 
from what we know it to be. He therefore places them 
in the inacceffible polar regions, hut not in the very 
pole. Norman, the difeoverer of the dip of the mari- 
ner’s needle, or of the true magnetic diredion, was na- 
turally led by his difcovery to conceive the direding 
caufe as placed in the earth ; becaufe the north point of 
the needle, in every part of Europe, points very far be- 
low the horizon. But although he calls the treatife in 
which he announces his difeovery the New AttraQive^ 
he does not exprefs himfelf as fuppofing the needle to 
he attraded by any point within the earth, but only 
that it is always direded to that point. 

It is to Dr Gilbert of Golchefter that we owe the 
opinion now univerfally admitted, that magnetic pola- 
rity is a part of the conffitution of this globe. Nor- 
man had, not long before, difeovered, that if a Heel 
needle be very exadly balanced on a horizontal axis, 
like the beam of a common balance, fo that it would 
retain any pofition given it, and if it be then touched 
with a magnet, and placed on its axis in the magnetic 
merdian, it is no longer in equilibrio, but at (at London) 
the north'point of it will dip 72 or 73 degrees below 
the horizon. He did not, however, publiffi his difco- 
very till.he had obtained information how it ftood in 
other parts of the world. The differences in the va- 
riation in different places naturally fuggefted the necef- 
fity of this to him. Being a maker of mariners com- 
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paffes, and teacher of navigation in London, he had the 
faireft opportunities that could he defired, by furnifliing 
dipping needles to fuch of the navigators, his fcholars, 
as he knew moft able to give him good information. 
And the accounts which he received made his difco- 
very, when announced to the world, a very complete 
thing ; for the commanders of {hips engaged in long 
voyages, and particularly to China, informed him that, 
in the vicinity of the equator, his dipping needles re- 
mained parallel to the horizon, but that in coming to- 
ward the north pole, the north end of the needle was 
depreffed, and that the fouth end dipped in like man- 
ner at the Cape of Good Hope, and in the Indian O- 
eean ; that the needle gradually approached the hori- 
zontal pofition as the {hip approached the equator, but 
that in coming to the north of it at Batavia, the north 
point again dipped, and at Canton was feveral degrees 
below the horizon. 

On thefe authorities, Norman boldly faid that, in the 
equatorial regions, the needle was horizontal, and that 
either end dipped regularly as it approached either 
pole; and that in the poles of the earth, the needle was 
perpendicular to the horizon. He therefore announ- 
ced this as a difcovery, not only fingularly curious, but 
alfo of imtnenfe importance ; for by means of a dipping 
needle the latitude of a fhip at fea may be found with- 
out feeing the fun or liars. 

Dr Gilbert, comparing this pofition of the compafs 
needle with the pofitions which he had obferved fmall 
needles affume in his numerous experiments in relation 
to a magnet, as we have defcribed at great length, was 
naturally led to the notion of the earth’s being a great 
loadftone, or as containing one, and that this arranged 
the dipping, or, in general, the mariner’s needle, in the 
fame manner as he obferved a great magnet arrange a 
fmall needle poifed on its pivot. He therefore compo- 
fed his Phiftologia Nova de Mag nete, et de Tellure magno 
Magnete ; in which he notices fo many points of refem- 
blance to the direclive power of a magnet, that the point 
feems no longer to admit of any doubt. Dr Gilbert’s 
theory may be thus exprelfed.: 

All the phenomena of natural magnetifm are analo- 
gous to what we fhould obferve, if the earth were a 
great magnet, having its poles near the poles of the 
earth’s equator, the north pole not far from Baffin’s 
Bay, and the fouth pole nearly in the oppofite part of 
the globe. A dipping needle, under the influence of 
this great magnet, mull arrange itfelf in a plane which 
paffes through the poles of the magnet, the polition of 
which plane is indicated (at leall nearly) by the ordi- 
nary compafs needle ; and it will be inclined to the ho- 
rizon fo much the more as we recede from the equator 
of the great magnet. 

This opinion of Dr Gilbert was not lefs ingenious 
than important ; and if firmly eftabliffied, it furniflies a 
complete theory of all the phenomena of magnetifm. 
But obferyations were neither fufficiently numerous in 
the time of Dr Gilbert, nor fufficiently accurate, to 
enable that great genius to affign the pofition of this 
great magnet, nor the laws of its adtion. The theory 
was chiefly founded on the phenomena of the dipping 
needle ; phenomena which might have been unknown 
for ages, had the firft notice of them fallen into any 
other hands than Norman’s. They are not, like thofe 
of variation, which might be made by any failor. They 

require for their exhibition a dipping needle, and fbc 
attention to circumftances which can occur only to a 
mathematician. A dipping needle is to this day, not- 
withilanding all our improvements in the arts, one of 
the moft delicate and difficult talks that an inftrument 
maker can take- in hand, and a good one cannot be had 
for lefs than twenty guineas. We .are confident that 
fuch as even Norman could make were far inferior to 
what are now made, and quite unfit for ufe at fea while 
the (hip is under fail, although they may be tolerably 
exadt for an obfervation of the dip in any port ; and 
we prefume that it was fuch obfervations only that 
Norman confided in. Our readers will readily conceive 
the difficulty of poifing a needle with fuch a perfedl 
coincidence of its centre of gravity and axis of motion, 
and perfedl roundnefs of this axis, that it {hall remain 
in any pofition that is given it. Add to this, that a 
grain of duft, invifible to ^;he niceft eye, getting under 
one fide of this axis, may be fufficient for making it 
affume another pofition. It muft alfo be a difficult 
matter to preferve this delicate thing, fo as that no 
change can happen to it. Befides, all this muft be 
performed on a piece of tempered fteel which we are 
certain has no magnetifm. Where can this be got, or 
what can infure us againft magnetifm? Nor is there lefs 
difficulty in making the obfervations without great rilk 
of error. If the needle, moveable only in a vertical 
plane, be not fet in the plane of a magnetic meridian, it 
will always dip too much. At London, where the 
magnetic diredlion is inclined 730 to the horizon, if it 
be in a plane zo'' from the magnetic meridian, it will 
ftand almoft perpendicular; for it is eafy to fee, by the 
mechanical refolutiori of forces, that it will take the po- 
sition which brings it neareft to the true magnetic di- 
redtion. This, we think, is confirmed by leveral of 
Norman’s and other old obfervations of dip. They are 
much greater than they have been fince found in the 
fame places. 

Mr Daniel Bernoulli has given a very ingenious pnn-Danjei ger. 
ciple, by which we can make a dipping needle which noulli’sdip- 
will give a very accurate obfervation on fliore ; and be-pingneedic, 
ing fo eafily executed, it deferves to be generally known. 
Let a dipping needle be made in the beft manner that 
can be done by a workman of the place, and balanced 
with fome care before impregnation, fo that we may be 
certain that when touched it. will take nearly the true 
dip. Touch it, and obferve the dip. Deftroy its mag- 
netifm, and then alter its balance in fuch a manner that, 
without any magnetifm, it will arrange itfelf in the in- 
clination of the obferved dip. Now touch it again, gi- 
ving it the fame poles as before. It is plain that it will 
now approach exceedingly near indeed to the true dip, 
became its want of perfect equilibrium deranged it but a 
few degrees from the proper diredlion. If this fecond 
obfervation of the dip fhould differ feveral degrees from 
the firft, by the inaccurate firft formation of the iieedle, 
it will be proper to repeat the operation. Very rarely, 
indeed, will the third obfervation of the dip vary from 
the truth half a degree. 

Mr Bernoulli makes this fimple contrivance anfwer 
the purpofe of an univerfal inftrument in the following 
ingenious manner. A very light brafs graduated circle 
EFG (fig. 23.) is fixed to one fide of the needle, con- 
centric with its axis, and the whole is balanced as nice- 
y as puffible before impregnation. A very light index 
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CD is then fitted on the axis, fo as to turn rather ftiffly 
on it. This will deltroy the equilibrium of the needle. 
If the needle has been made with perfect accuracy, and 
perfeflly balanced, the addition of this index would 
caufe it always to fettle with the index perpendicular to 
the horizon, whatever degree of the circle it may chance 
to point at. But as this is fcarcely to be expe&ed, fet 
the index at various degrees of the circle, and note 
what inclination the unmagnetic needle takes for each 
place of the index, and record them all in a table. Sup- 
pofe, for example, that when the index is at 50, the 
needle inclines 46 ' from the horizon. If in any place 
we obferve that the needle (rendered magnetic by lying 
between two ftrong magnets), having the index at 50, 
inclines 46°, we may be certain that this is the dip at 
that place ; for the needle is not deranged by the mag- 
netifm from the polition which gravity alone would 
give it. As we generally I now fomething of the dip 
that is to be expected in any place, we mail fet the in- 
dex accordingly. If the needle does not (hew the ex- 
pected dip, alter the pofition of the index, and again 
obferve the dip. See whether this fecond polition of 
the index and this dip form a pair which is in the table. 
If they do, we have got the true dip. If not, we mull 
try another pofition of the index. Noticing whether 

; the agreement of this lalt pair be greater or lefs than 
that of the former pair, we learn whether to change 
the pofition of the index in the fame direftion as before, 
or in the oppofite. The writer of this article has a dip- 
ping needle of this kind, made by a perfon totally un- 
acquainted with the making of philofophical inftruments. 
It has been ufed at Leith, at Cronlladt in Rufiia, at 
Scarborough, and at New York, and the dip indicated 
by it did not in any fingle trial differ 11 degrees from 
other trials, or from the dip obfervtd by the fined in- 
ftruments. He tried it himfelf in Leith Roads, in a 
rough fea ; and does not think it inferior, either in cer- 
tainty or difpatch, to a needle of the moll elaborate 
conltru&ion. It is worthy of its mod ingenious au- 
thor, and of the public notice, becaufe it may be made 
for a moderate expence, and therefore may be the means 
of multiplying the obfervations of the dip, which are 
of immenfe confequence in the theory of magnetifm, 
and for giving us an accurate knowledge of the magne- 
tical conditution of this globe. 

pinrms This knowledge is dill very imperfeft, owing to the 
incerning want of a very numerous collection of obfervations of 
le Sreat the dip. They are of more importance than thofe of 
intained llor>zontal deviations from the meridian. All that 
1 this we can fay is, that the earth aCts on the mariner’s needle 
kbe. as a great loaddone would do. But we do not think 

that the appearances ‘refemble the effeCts of what we 
would call a good loaddone, having the regular magne- 
tifm of two vigorous poles. The dips of the needle in 
various parts of the earth feem to be fuch as would re- 
fult from the aClion of an extremely irregular loaddone, 
having its poles exceedingly diffufed. The increafe of 
the dip, as we recede from thofe places where the needle 
is horizontal, is too rapid to agree with the fuppofition 
of two poles of condipated magnetifm, whether we fup- 
pofe the magnetic aCtion in the inverfe fimple or dupli- 
cate ratio of the didances, unlefs the great terredrial 
magnet be of much fmaller dimenfions than what fome 
other appearances oblige us to fuppofe. If there be 
four poles, as Dr Halley imagined, it will be next to 
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impoffible to afeertain the pofitions of the dipping 
needle. It will be a tangent to one of the fecondary 
magnetic curves, and thefe will be of a very intricate 
fpecies. We cannot but confider the difeovery of the 
magnetic conditution of this globe as a point of very 
great importance, both to the philofopher and to fo- 
ciety. We have confidered it with fome care ; but hi- 
therto we have not been able to form a fydematic view 
of the appearances which gives us any fatisfaClion. 
The well informed reader is fenfible, that the attempt 
by means of the horizontal or variation needle is ex- 
tremely tedious in its application, and is very unlikely 
to fucceed; at the fame time it mud be well underdood. 
The two difiertations by Euler, in the 1 }th and 2 2d 
volumes of the Memoirs of the Royal Academy at Ber- 
lin, are mod excellent performances, and give a true 
notion of the difficulty of the fubjedt, Yet, even in 
thefe, a circumdance is overlooked, wdiieh, for any thing 
we know to the contrary, may have a very great efledt. 
If the magnetic axis be far removed from the axis of 
revolution, as far, for example, as Mr Chuichman places 
it, the magnetic meridians will be (generally) much in-SeeVARiA. 
dined to the horizon ; and we fhall err very far, if weTI0N> 
fuppofe (as in Euler’s calculus) that the dipping needle 
will arrange itfelf in the verticle plane, paffing through 
the diredtion of the horizontal or variation needle; or if 
wre imagine that the poles of the great magnet are in that 
plane. We even prefume to think that Mr Euler’s af- 
fumption of the place of his fidlitious poles (namely, 
where the needle is vertical), in order to obtain a ma- 
nageable calculus, is erroneous. The introdudlion of 
this circumdance of inclination of the magnetic meri- 
dians to the horizon, complicates the calculation to fuch 
a degree as to make it almod unmanageable, except in 
fome feledled fituatious. Fortunately, they are import- 
ant ones for afeertaining the places of the poles. But 
the invedigation by the pofitions of the dipping needle 
is incomparably more fimple, and more likely to give 
us a knowledge of a multiplicity of poles. The confi- 
deration of the magnetic curves (in the fenfe ufed in 
the prefent article), teaches us that wre are not to ima- 
gine the poles immediately under thofe parts of the 
furface where the needle dands perpendicular to the ho- 
rizon, nor the magnetic equator to be in thofe places 
wrhere the needle is horizontal; a notion commonly and 
plaulibl)r entertained. Unfortunately our mod numerous 
obfervations of the dip are not in places where they are 
the mod indrudlive. A feries fhould be obtained, ex- 
tending from New Zealand northward, acrofs the Paci- 
fic Ocean to Cape Fair weather on the wed coad of 
North America, and continued through that part of the 
continent. Another feries fhould extend from the Cape 
of Good Hope, up along the wed coad of Africa to 
the tropic of Capricorn ; from thence acrofs the inte- 
rior of Africa (where it would be of great importance 
to mark the place of its horizontality) through Sicily, 
Italy, Dalmatia, the ead of Germany, the Gulph of 
Bothnia, Lapland, and the wed point of Greenland. 
This would be nearly a plane paffing through the pro- 
bable fituations of the poles. Another feries fhould be 
made at right angles to this, forming a fmall circle, 
croffing the other near Cape Fairweather. This would 
pafs near Japan, through Borneo, and the wed end of 
New Holland; alfo near Mexico, and a few degrees 
wed of Eader Ifland. In this place, and at Borneo, 
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the inclination of the magnetic plane to the horizon 
would be coniiderable, but we cannot find this out. It 
may, however, be difcovered' in other points of this 
circle, where the dip is confiderable. We have not 
room in this fiiort account to illullrate the advantages 
derived from thefe feriefes; but the refle&ing reader 
will be very fenfible of them, if he only fuppofes the 
great magnet to be accompanied by its magnetic curves, 
to which the needle is always a tangent. He will then 
fee that the firft feries from New Zealand to Cape Fair- 
weather, and the fecond from Cape Fairweather round 
the other fide of the globe, being in one plane, and at 
very different diftances from the magnetic axis, mud 
contain very inftruftive pofitions of the needle. But 
we dill confefs, that when we compare the dips already 
known with the variations, they appear fo irreconcile- 
able with the refults of an-uniform regular magnetifm, 
that we defpair of fuccefs. Every thing feems to indi- 
cate a multiplicity of poles, or, what is dill more ad:- 
verfe to all calculation, an irregular magnetifm with ve- 
ry diffufed polarity. 

Much indruftion may furely be expected from the 
obfervations of the Ruffian academicians and their eleves, 
who are employed in furveying that vad empire ; yet 
we do not meet with a fingle obfervation of the dip of 
the needle in all the bygone publications of that acade- 
my, nor indeed are there many of the variation. 

r For want of fuch information, philofophers are ex- 
fituation of tremety divided in their opinions of the fituation of the 
its poles, magnetic poles of this globe. Profeflbr Krufft, in the 

17th volume of the Pete'rfburgh Commentaries, places 
the north pole in lat. 70° N. and long. 230 W. from 
London ; and the fouth pole in lat. 50° S. and long. 
92° E. 

Wilcke of Stockholm, in his indication chart (Swed. 
Mem. tom. xxx. p. 218.), places the north pole in N. 
Lat. 7j°, near Baffin’s Bay, in the longitude of Cali- 
fornia. The fouth pole is in the Pacific Ocean, in lat. 
70° S. 

Churchman places the north pole in lat. yp0 N. and 
long. 1350 W. a little way inland from Cape Fairwea- 
ther ; and the fouth pole in lat. 590 S. Long. 165° E. 
due fouth from New Zealand. 

A planifphere by the Academy of Sciences at Paris 
for 1786, places the magnetic equator fo as to interfedt 
the earth’s equator in long. 7 50, and I55P from Ferro 
Canary Ifland, with an inclination of 12 degrees near- 
ly, making it a great circle very nearly. But we are 
not informed on what authority this is done ; and it 
does not accord with many obfervations of the dip 
which we have collefted from the voyages of feveral 
Britifh navigators, and from fome voyages between 
Stockholm and Canton. Mr Churchman has given a 
fketch of a planifphere with lines, which may be called 
parallels of the dip. Thofe parts of each parallel that 
have been afeertained by obfervation are marked by 
dots, fo that we can judge of his authority for the 
whole conftrubtion. It is but a iketch, but gives more 
fynoptical information than any thing yet publiffied. 
The magnetic equator cuts the earth’s equator in long. 
150, and 1950 E. from Greenwich, in an angle of nearly 
17 degrees. The circles of magnetic inclination are 
not parallel, being confiderably nearer to each other on 
the ffiort meridian than on its oppofite. This circum- 
liance, being founded on obfervation, is one of the 
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ftrongeft arguments for the exiftence of a magnet of to. 
lerable regularity, as the caufe of all the pofitions of the 
compafs needle ; for fuch mujl be the pofitions of the 
circles of equal dip, if the axis of this magnet is far re- 
moved from the axis of rotation, and does not inter- 
fe£t it. 

Now, if the fituation of the poles be any thing near 66. 
the average or medium ot thefe determinations, and if 
we form all our notions by analogy, comparing the po- 
fitions of the compafs needle in relation to the great 
terreftrial magnet, with the pofitions affumed by a fmall 
needle in the neighbourhood of a magnet, we mull con- 
clude, that the magnetical conftttution of this globe has 
little or no reference to its regular external form. The 
axis of the magnet is very far removed from that of the 
globe (at leait 1500 miles), and is not nearly parallel 
to it, nor in the fame plane. It required the fagacity 
and the fkill of a Euler to fubjedt fuch anomalous mag- 
netifm to any rules of computation ; and every perfon 
qualified to judge of the fubjeft muft allow bis diflerta- 
tion in the 13th volume of the Berlin Memoirs to be a 
work of wonderful refearch. It is a very agreeable 
thing to fee fuch a conformity between the lines which 
exprefs the regular magnetifm of Euler’s differtation, 
and the lines drawn by Dr Halley from obfervation, 
and which appeared to himfelf fo capricious, that he 
defpaired (notwithftanding his confummate Ikill in geo- 
metry) of their ever being reduced to a mathematical 
and precife fyfiem. 67 

Without detrafh'ng from the merit of Dr Gilbert, Confirma- 
we may prefume to fay that his .notion of the earth’s dons of Dr 
being a great magnet was not, in his mind, more than^‘ 
a fagacious conjechire, formed from a very general andi 

even vague comparifon- Yet the comparifon was fuffi- 
ciently good to give him great confidence in his opinion 
that the aftion of this great magnet, in perfect confor- 
mity to what we obferve in our experiments with mag- 
nets, is the fource of all the magnetifm that we obferve. 
If there was nothing elfe in proof of the juftnefs of his 
theory, it is abundantly proved by the beautiful experi- 
ment of Mr Henffiaw, mentioned in the article Varia- 
tion, Encycl. p. 621. col. 2. An iron bar held nearly 
upright, attracts the fouth end of a compafs needie 
with its lower end ; and if that end of the bar be kept 
in its place, and the bar turned round till it becomes 
the upper end, the fouth point of the needle immedi- 
ately turns away from it, and the north end is now 
attracted. This experiment may be perfeflly imitated 
with artificial magnetifm. 

Having fupported a large magnet SAN (fig. 24.), 
fo that its ends are detached from furrouuding bodies, 
place a fmall needle B (poifed on its pivot) about three 
inches below the north pole N of the magnet, and in 
fuch a fituation that its polarity to the magnet may be 
very weak. Take now a fmall piece of common iron, 
and hold it in the pofition reprefented at C. Its lower 
end becomes a north pole, attracting the iouth pole of 
the needle. Keeping this in its place, turn round the 
piece of iron into the pofition D ; the fouth pole of B 
will now avoid it, and the north pole will be attracted. 
We directed the needle to be fo placed, that its polari- 
ty, in relation to the magnet, may be weak. If it be 
ftrong, it may act on the end of C or D like a magnet, 
and counteract the magnetifm induced on C or D by 
vicinity to A. 

An 
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An anonymous writer in the Philofophical Tranfac- 
tions, N° 177. Vol. XV. relates feveral obfervations 
made during a voyage to the Eaft Indies, which are quite 
conformable to this. A few leagues northwell from 
the ifland Afcenfion, the fouth point of the compafs 
needle hardly (hewed any tendency to or from the lower 
end of an iron bar. It feemed rather to avoid the up- 
per end ; it was not in the leaft affected by the middle 
of the bar; but when the bar was laid horizontal, in 
the magnetic dire&ion, its two ends affedted the diffi- 
milar ends of the compafs needle very ftrongly ; but 
when horizontal, and lying at right angles co the mag- 
netic dire&ion, its polarity was altogether indifferent. 

As the other phenomena of induced artificial mag- 
netifm have the fame refemblance to the phenomena of 
natural magnetifm, a bar which has remained long in 
the vicinity of-a magnet acquires magnetifm (permanent) 
in the fame way, and modified by the fame circumftan- 
ces, as in natural magnetifm. Hammering a bit of com- 
mon iron in the immediate vicinity of a magnet, gives 
it very good magnetifm. Expofing a red hot bar to 
cool in the neighbourhood of a magnet has the fame ef- 
fe£t. Alfo quenching it fuddenly has the fame effedt. 
Quenching a fmall red hot fteel bar between two mag- 
nets, was found by us to communicate a much ftronger 
magnetifm than we could give it by any other method. 
Its form indeed was very unfavourable for the ordinary 
method of touching ; for it confided of two little fpheres 
connected by a. deader rod, and could fcarcely.be im- 
pregnated in any other way than by placing it for a 
very long while between magnets. In all thefe experi- 
ments, the polarity acquired is precifely fimilar to that 
acquired by the fame treatment in relation to this fup- 
pofed great terrefteial magnet. In fhort, in whatever 
manner we purfue this analogy in our experiments, we 
find the refemblance mod perfedt in the phenomena. 

We cannot but think, therefore, that this new phy- 
fiology of the magnet by Ur Gilbert is well edablifiied ; 
and we think ourfelves authorifed to afiume it as a pro- 
po fit ion fully demondrated, that the earth is a great 
magnet, or contains a great magnet, the agency of which 
produces the diredfion of the magnetic needle, and all 
the rnagnetifm which iron acquires by long continuance 
in a proper pofition. It is this which made us fay, in 
the beginning of this article, that attradfion and polari- 
ty were not confined to magnets, but were properties 
belonging to all iron in its metallic date. We now fee 
the reafon why any piece of iron brought very near 
to another piece will attradl it—both become magneti- 
eal, in confequence of the agency of the great magnet; 
and their magnetifm is fo difpofed, that their mutual 
attradlions exceed their repulfions. AHo, why an iron 
rod, placed nearly in the magnetical diredfion, will fi- 
nally arrange itfelf in that diredtion. Alfo, why the 
terredrial polarity of common iron is indifferent, and 
either end of the rod will fettle in the north, if it have 
nearly that pofition at fird. The magnetifm induced 
by mere momentary pofition is fo feeble as to yield to 
any artificial magnetifm. As a moment was fufficient 
for imparting it, a moment fuffices for deitroying it ; 
and another moment will impart the oppofite magne- 
tifm. But artificial magnetifm requires more force for 
its produdfion, and fome of it remains when the produ- 
cing caufe is removed, and it does not yield at once 
to the contrary magnetifm. That there is no farther 
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difference appears from this, that long continued pofi- 
tion gives determined and permanent magnetifm, and 
that it is dedroyed by an equally long continuance in 
the contrary pofition. It feems to be very generally 
true, that a magnet will carry more by its north than 
by its fouth pole. It fhould be fo in this part of the 
world, becaufe the terredrial magnetifm induced on the 
iron confpires with the magnetifm induced by the north 
pole of a magnet, but counteradls the magnetifm indu- 
ced by the fouth pole. 

The propriety of Mr Savery’s, Mr Canton’s, and 
Mr Antheaume’s proceffes for beginning the impreg- 
nation of hard deel bars is now plain, and the fuperior 
effedt of the two great bars of common iron in the pro- 
poled method of Mr Antheaume. We cannot but take 
this opportunity of paying the proper tribute of praife 
to the ingenuity of Mr Savery. Every circumdance 
of his procefs was feledted in confequence of an accu- 
rate conception of magnetifm, and the combination of 
this fcience with Dr Gilbert’s theory. His procefs is 
the fame with Antheaume’s in every refpedt, except the 
circumdance of the double touch borrowed from Mit- 
chell and Canton. Thefe obfervations do not detradl 
from the difeernment of Mitchell and Canton, who faw ' 
in thofe experiments what had efcaped the attention of 
hundreds of readers. ^8 

But there occurs an objedlion to this theory of Dr Seeming 
Gilbert, which wras urged againd it with great force, 
We obferve no tendency in the magnet or compafs n( the 
needle toward this fuppofed magnet. An iron or deelwanr. of 
bar is not found to increafe its tendency dowmwards, fenfible at- 
that is, is not fenfibly heavier, when its fouth pole is up-tra^lon* 
permofl in this part of the world. A needle fet afloat 
on a piece of cork arranges itfelf quickly in the proper 
direftion ; but if continued ever fo long afloat, it has 
never been obferved to approach the north fide of the 
veffel. This is quite unlike what we obferve in the 
mutual actions of magnets, or the aftion of magnets on 
iron. This obj-e<5Uon appears to have given Dr Gilbert 
fome concern ; and he mentions many experiments which 
have been tried on purpofe to difeover fome magnetical 
tendency. He gets rid of it as well as he can, by fay- 
ing that the directive power of a magnet extends much 
farther than its attractive power. He confirms this by 
feveral experiments. But Dr Gilbert had not dudied 
tbe fimultaneous actions of the four poles, nor explained, 
by the principles of compound motion, how thefe pro- 
duced all the poffible poiitions of the needle. Indeed, 
the compofition of mechanical forces was by no means 
familiar with philofophers at the end of the i6ih cen- 
tury. We fee it now very didindtly. The polarity of 
the needle, or the force with which it turns itfelf into 
the magnetical pofition, depends on the difference be- 
tween the fums of the aCtions of each pole of the mag- 
net on both the poles of the needle ; whereas its ten- 
dency towards the magnet depends on the difference 
of the differences of thofe aftions (fee n° 22, 25.) The 
fird may thus be very great w'hen the other is aimed 
infenfible. We fee that coarfe iron filings heap about 
the magnet very fad, and that very fine filings approach 
it very dowdy. Now, the larged magnet that we can 
employ, when compared with the great magnet in the 
earth, is but as a particle of the fined filings that can be 
conceived. This furely diminifhes exceedingly, if it 
does not entirely annihilate the objection : but as we 

S .2 have 
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have heard it urged by many as an improbable thing, 
that a long magnet, kept afloat for many months (which 
has been done) fliall not fliew the fmallejt tendency to- 
wards the pole of the terreftvial magnet, we think it de- 
ferves to be confidered with accuracy, and the queftion 
decided in a way which will admit of no doubt. 

Let the very fmall magnet C (fig. 25.) be placed 
near a great magnet A, and then near a Smaller mag- 
net B. in fuch a manner that its polarity to both fliall 
be the fame ; and then let us determine the proportion 
between the attra&ions of A and B for the fmall mag- 
net C. 

This will evidently depend on the law of magnetic 
aftion. For greater fimplicity of inveftigation, we fliall 
content ourfelves with fuppofing the action to be in- 
verfely as the diflance. 

Let AN, = AS, = a; BN — b‘y C n z= c, AC = d, 
BC “ $ ; and let the abfolute force of A be to that of 
B at the fame dillance as m to 1. 

The magnetic adlion being fuppofed proportional to 

we have, 

m 
I . Action of AN on C j = 7 . 
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2. AN on C« =: d — a c 

AS on C j =r — 

AS on C « =: 

d ci 

The whole aftion =: 

d-^ a -{• c’ 
8 m a c d 

d*—a +£ X r/1 — a —c 1 

6. If c be very fmall in comparifon with a or by the 
§ m a c d 

T^hole adtion of A is very nearly = — ■ . 
d2— a2 

7. And the tendency of C to B is, in like manner, 
8 b c $ 

“ Wzrp' 
The diredfive powers of A and B are at their maxi- 

stium flate when C is placed with its axis at right angles 
to the lines AC or BC. In which cafe we have, 

8, The direftive power of A = j 

9. The dire£live power of B =: 

4 m a 

4* 

When thefe dire£!ive powers are made equal, by pla- 
cing C at the proper diftances from A and B, we 
have, 

4. m a i 4 b, or m a : b =: d* — ri2 

And m a — m ab2 — b d1 — b d2 

m a $2 ~ b (d2—a2) -\-mab2» 

IO. 

XI. 

12. j- 
=y- s/ p a 

(d' — d2) -f b\ 

Let the attra£lio^is of A and B for the very fmall 
magnet C, when its polarity to both is the fame, be 
expreffed by the fymbols « and A We have 

r _ 8 m a c d 8bc* 
1/2  o2)* : py' which, by nc 10. is 

M. 
a1) c d 8 ( t*_J2)f j 

(J2__ b2)2 
~ (d2 — a2)2 

= b d : m a'0 that is, 
13. Attr11 of A : attrn of B = b d \ m a$. 
As an example of this comparifon, let us fuppofe the 

great terreftrial magnet to be a thoufand times larger 
and ftronger than the magnet whofe attradlion we are 
comparing with that of terreftrial magnetifm. Let us 
alfo fuppofe the diftance from the pole of the great 
magnet to be fmall, fo that its attraction may be con- 
fiderable. Let us make d = t 200, a being rr 1000, 
and b zz \. Thefe are all very reafonable fuppofitions. 
Subftituting thefe values in the formula, we have attra 

of A : attrn of B re 1 : 1000 very nearly ; and there- 
fore when the needle, when placed near a magnet, vi- 
brates by its polarity as fall as it does by natural mag- 
netifm, its tendency" toward that magnet muft be alto- 
gether infeniible ; for the difproportion is incomparably 
greater than that of 1 to iooo, in the largeft magnets 
with which we can make experiments. Obferve alfo, 
that we have taken the cafe where the attradlions are 
the ftrongeft, viz. when the magnet C is placed in the 
axis of A or B. In the oblique pofitions, tangents to 
the magnetic curves, the attractions are fmaller, almoll 
in any ratio. 

We took the inverfe ratio of the diftances for the 
law of adtion, only becaufe the analylis was very fimple. 
It is very evident that the difproportion will be ftill 
more remarkable, if the adtion be inverfely as the fquare 
of the diftance. 

The objedtion therefore to the origin of the polarity 
of the compafs needle, and of all other magnets, name- 
lyq the adtion of a great magnet contained in the earth, 
appears plainly to be of no force. We rather think that 
the want of all fenfible attradlion, where there is a brifk 
polarity, is a proof of the juftnefs of the conjedture ; 
for if the compafs needle were arranged by the adtion 
of magnetic rocks, or even extenfive itrata, near the fur- 
face of the earth, the attradtions would bear a greater 
proportion to the polarities. We have even obferved 
this. A confiderable mafs of magnetic ftratum was 
found to derange the needle of a furveyor’s theodolite 
at a confiderable diftance all around (about 140 yards). 
The writer placed the needle on a thin lath, which juft 
floated it on water in a large wooden difti, and fet it 
in a place where it was drawn about 15 degrees from 
the magnetic meridian. It was left in that fituation a 
whole night, well defended from the wind by a board 
laid on the difh. Next morning it was found applied 
to that fide of the difh which was neareft to the dif- 
turbing rocks. It had moved about fix inches. This 
was repeated three times, and each time it moved in the 
fame direction (nearly), which differed confiderably from 
the diredlion of the needle itfelf. 

It is now plain that we may, with confidence, affume 
Dr Gilbert’s theory of terreftrial magnetifm as fufli- 
ciently ellablifhed. And, fince we muft certainly call 
that the north pole of the great magnet which is fitua- 
ted in the northern parts of the earth and fince thofe 
poles of magnets which attract each other have oppo- 
fite polarities, we muft fay, that what we call the north 
pole of a mariner’s needle, or of any other magnet, has 
the fouthern polarity. 

We may now venture to go farther with Dr Gilbert, 
and 
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-O and to fay that all the magnetifm which we obferve, 
L* great whether in nature or art, is either the immediate or the 
agnet is reraote efl'ect of the adtion of the great magnet. As 
e fource - - - ^ • - n  . or. uorA 

11 tu- foft bars foon acquire a tranfient magnetifm ; as hard 
Unagne- bars, after long expofure, acquire a fenfible and perma- 
in, nent magnetifm—we mult infer, that ores ot iion, which 

are in a Hate fit for impregnation, muft acquire a fen- 
fible and permanent magnetifm, by continuing, tor a fe- 
ries of ages, in the bowels of the earth. And thus the 
magnetilm of loadllones, which, till the difcovery of 
the natural magnetifm acquired by polition, were the 
fources of all our magnetical phenomena, is now proved 
to be a neceflary coniequence of the exiitence and a- 
gency of a great magnet contained in the bowels ot the 

71 earth. _ . 
oadftones jt fettVis to refult from this theory, that, in thefe 

E T I S M. 141 
tic direction, they will not acquire any fenfihle quanti- 
ty. A llratum in this country, riling about 170 to the 
N. N. W. will fcarcely acquire magnetifm. It may al- 
fo happen, that the influence of the great magnet is 
counteradted by that of lome extenfive llratum inaccef- 
iible to man, by reafon of its great depth. ^ 

Thus we lee that all the appearances of the original probable 
magnetifm of loadllones are perfedtly confillent with caufe of 
the notion that they are effedts of one general cofmicaT     J    o . . , natural vi- 
caufe, the adtion ol the great magnet contained in tneg0ur# 

,tht1111,16northern parts of the world, that part of every natural iay havs . . _v_. _r 
leu pTes load Hone that is at the extremity of the line drawn 
1 any po- through the Hone in the magnetic diredtion Ihould be 
:ion- its pote ; and that the loadftone, when properly polled, 

Ihould of itfelf alfume the very pofition which it had in 
the mine. 33r Gilbert complains of the inattention of 
miners l^rude honiinumgenus> lucra potius quarn phvjicte con- 
fuientes) to this important circuraftance. Once, how- 
ever, he had the good fortune to be advertifed of a great 
magnetic roafs lying in its matrix. He repaired quick- 
ly to the mine, examined it, and marked its points 
which were in the extremities of the magnetic line. 
When it was detached from its matrix, he had the plea- 
fure of finding its poles in the very places he expeaed. 
The loadftone was of confiderable fize, weighing about 
20 pounds.—Mr Wilcke gives, in the Swedilh Com- 
mentaries, feveral inftances of the fame kind. 

But Ihould this always be the cafe ? By no means. 
There are many circumftances which may give tne inag- 
netifm of a loadftone a very different dire&ion. We 
have found, that fimple juxtapofition to a magnet will 
fometimes give a fucceflion of poles to a long bai of 
hard Heel. The fame thing may happen to an extenfive 
vein of magnetifable matter. "I he loadftone taken out 
of this vein may have been placed like that of a foft bai 
placed in the magnetic line, if lying in one part ot the 
vein ; if taken from another part of it, its polarity may 
be the very reverfe \ and in another part of it may have 
no magnetiim, although completely fitted for acquiring 
it. It may have its poles placed in a direction different 
from all thefe, in confequence of the vicinity of a great- 
er loadftone. As loadftones poffeffed of vigorous mag- 
netifm are always found only in fmall pieces, and in pieces 
of various tizes and force, we muft expedt every pofi- 
tion of their poles. The only thing that we can ex- 
peft by theory is, that adjoining loadftones will have 
their friendly poles turned toward each othei, and a 
General prevalence of or tendency to a polarity fymine- 
trical with that of the earth. The reader will find 
fome more obfervations to this purpofe in the ai^icle 
Variation, Encycl. p. 623. as a^t) Gilbeit s T. rea- 
tife, B. III. c. 2. p. i2i. 

Nor fhould all ftrata or maffes of iron ore be magne- 
tical. We know that none are fufceptible of induced 
magnetifm, but fuch as are, to a certain degree, in the 
metallic ftate. Such ores are not abundant. Nay, 
even all of fuch ftrata do not neceffarily acquire magne- 
tifm by the aftion of the great magnet. If their prin- 
cipal dimenfions lie nearly perpendicular to the magne- 
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earth; and that there is no occafion to fuppole this great 
magnet to differ, in its conftitution or manner of adtion, 
from the fmall maffes of fimilar matter called loadftone. 
The only difficulty that prefents itfelf is the great fu- 
periority of magnetic force obfervable in fome load- 
ftones over other mafies of ores circumjacent, which are 
not diftinguifhable by us by any ether circumftance. We 
acknowledge ouvfelves unable to iolve this difficulty ; 
for the magnetilm of fuch pieces is fornetimes incom- 
parably ftronger than what a bar of iron acquires by po- 
fition ; yet this bar is much more fufceptible than the 
ores which are fit for becoming loadftones. Perhaps 
there is fome chemical change which obtains gradually 
in certain maffes, which aids the impregnation, in the 
fame way that we know that being red hot deftroys all 
magnetifm, whether in a metal bar or in an ore. This 
feems to be confirmed by what we fee in fome old iron, 
ftanchions, which acquire the ftrengeft magnetifm in 
thofe parts of their fubtlance which are combining 
themfelves with ingredients floating in the atmofphere. 
That part which is cafed in the ftone, and exfoliates 
and fplits with raft, being converted into fomething 
like what is called finery-cinder, becomes highly and 
permanently magnetic. Such peculiarities as thefe, 
operating for ages, may allow a degree of magnetical 
impregnation (in whatever this may confill) to take 
place, to which we can fee no refemblance in our expe- 
riments. It would be worth while to place iron wires 
in a tube in the magnetic diredlion, which could be kept 
of a proper red heat, while it is converted into aethiops 
by fteam. It is not unlikely that it would acquire a 
fenfible and permanent magnetifm in this way. It may 
be, that the little atoms, as they arrange themfelves in 
a foiu. of cryftalline or fymmetrical form, may alfo ar- 
range fo as to favour magnetifm. Were this tried in 
the vicinity of a ftrong magnet, the effeft might be 
more remarkable and precife. Perhaps, too, while iron 
is precipitated in a metallic form from its folutions by 
another metal, fomething of the fame kind may happen. 
We know that proper ores of iron, expofed to cemen- 
tation in a low red heat, in the magnetic dire&ion, be- 
comes magnetic. _ 73 

Notice has been taken in the Encycl. article Varia-Natural 
tion, of the attempts of ingenious men to explain thecaufesof 
change which is oblerved in all parts of the globe, on

0fthtmag- 
fVio mcir,'npr,K the oradnal chance j  

    . , , ,0, 1 ottnemag- 
the dire&ion of the manner's needle, the gradual change 1JCtic direc^ 
of the variation. The hypothefis of Dr Halley, that tion. 
the globe which we inhabit is hollow, and inclofes a 
magnetic nucleus, moving round another axis, is not 
inconfiftent with any natural law, if he did not fuppofe 
the interval filled up with fome fluid. The a&ion of 
the nucleus and ftiell on the intervening fluid would 
gradually bring the two to one common motion of ro- 
tation, as may be inferred from the reafonings employ- 
ed by Newton in his remarks on the Cartefian vortices. 

Leaving- 
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Leaving out tin’s clrcumftance, there is only another 

caufe which can affeA, and muft affe&, the rotation of 
both ; namely, the mutual aftion of the magnetic nu- 
cleus, and the mafles of magnetic matter in the Ihell. 
If the axis of rotation of this nucleus be different from 
the line joining its magnetic poles, thefe poles will have 
a motion relative to the (hell; and this motion may ea- 
fdy be conceived fuch as will produce the changes of 
magnetic dire&ion which we obferve. It may even 
produce a motion of the northern magnetic pole in one 
diredtion, and of the fouthern pole in the oppofite di- 
redtion, and this with the appearance of different periods 
of rotation, as fuppofed by Mr Churchman. We may 
here obferve, by the way, that the change of magnetic 
direction in this country is not nearly fo great as is 
commonly imagined. The horizontal needle has fhifted 
its pofition about 350 at London fince 1585 ; but the 
point of the dipping needle has not changed io°. We 
may alfo obferve, that when the pole of the central mag- 
net changes its place, the magnetifm of an extenfive 
ftratum, influenced by it, may fo alter its difpofition, as 
to change the pofition of the compafs needle in the op- 
pofite diredfion to that of the change which the central 
magnet alone would induce on it. 

But as motions have not yet been affigned to this nu- 
cleus, which quadrate with the obferved pofitions of the 
needle, and as the very exiftence of it is hypothetical, 
it may not be amifs to examine whether fuch a change 
of variation may not be explained by what we know of 
the laws of magnetifm, and of the internal conflitution 
of this earth ? . 

1. It is pretty certain that the veins in which load- 
Hones are found are not parts of the great magnet. 
This appears from their having two poles while in the 
mine, and alfo from the very fmall depth to which man 
has been able to penetrate. When we compare the po- 
fitions of the dipping needle with thofe of a fmall needle 
near a magnet, we mull infer, that the poles are very far 
below the furface. 

Yet we know that there are magnetifable ftrata of ve- 
ry great extent, occupying a very confiderable portion 
of the external covering. Though their bulk and abfo- 
lute power may be fmall, when compared with thofe of 
the great magnet, yet their greater vicinity to the 
needles on which obfervations are made, may give them 
a very fenfible influence. In this way may a great deal 
of the obferved irregularities of the pofitions of the 
needle be accounted for. In the Lagoon at Teneriffe, 
Feuillee obferved the variation 13° 30'well in 1724, 
while at the head of the ifland it was only 50. The dip 
at the Lagoon was 63° 30', greatly furpaffing what was 
obferved in the neighbourhood. Muller found, in the 
mountains of Bohemia, great and defultory differences 
of declination, amounting fometimes to 50°. At Man- 
tua, the variation in 1758 was T2°; while at Bononia 
and Brixia it was nearly 180. Great irregularities were 
obferved by Goete in the Gulph of Finland, efpecially 
near the ifiand of SmTari, among fome rocks : on one of 
thefe, the needle fnewed no polarity. Captain Cook 
and Captain Phipps oblerved differences of to0, extend- 
ing to a confiderable dillance, on the well coalls of 
North America. In the neighbourhood of the illand 
Elba in the Mediterranean, the pofition of the needle is 
greatly affe&ed by the iron llrata, in which that ifland 
fio much abounds. In this country, there are alfo ob- 

ferved fmall deviations, which extend over confiderable 
trafts of country, indicating a great extent of ilrata 
that are weakly magnetic. Since fuch llrata receive 
their magnetifm by induction, in a manner fimilar to a 
bar of hard Heel, and fince we know that this receives 
it gradually, it may very probably happen, that a long 
feries of years may elapfe before the magnetifm attains 
its ultimate difpofition. 

Here then is a neceffary change of the magnetic di- 
redlion ; and although it may be very different in diffe- 
rent places, according to the difpofition and the power 
of thofe llrata, there mull be a general vergency of it 
one way. 

2. It is well known that all metals, and particularly 
iron, are in a progrefs of continual produ&ion and de- 
metallization. The veins of metals, and more particu- 
larly thofe of iron, are evidently of pollerior date to 
that of the rocks in which they are lodged. Chemiltry 
teaches us, by the very nature of the fubltances which 
compofe them, that they are in a Hate of continual 
change. This is another caufe of change in the magne- 
tic dire&ion. Nay, we know that fome of them have 
fuddenly changed their fituation by earthquakes and 
volcanoes. Some of the llreams of lava from Vefuvius 
and iEtna abound in iron. This has greatly changed 
its fituation ; and if the llrata from which it proceeded 
were magnetical, the needle in its neighbourhood mull 
be affedled. Nay, fubterranean heat alone will effeft a 
change, by changing the magnetifm of the llrata. Mr 
Lievog, royal allronomer at Breffeltedt in Iceland, 
v/rites, that the great eruption from Hecla, in 178^, 
changed the dire&ion of the needle nine degrees in the 
immediate neighbourhood. This change was produced 
at a mile’s diltance from the frozen lava ; and it dimi- 
nilhed to two degrees at the dillance of 2^ miles. He 
could not approach any nearer, on account of the heat 
Hill remaining in the lava after an interval of 14 months. 

All thefe caufes of change in the diretlion of the 
mariner’s needle mull be partial and irregular. But 
there is another caufe, which is cofmical and univerfal. 
Dr Halley’s fuppofition of four poles, or, at leaft, the 
fuppofition of irregular and diffufed poles, feems the 
only thing that will agree with the obfervations of de- 
clination. We know that all magnetifm of this kind 
(that is, difpofed in this manner) has a natural tendency 
to change. The two northern poles may have the fame 
or oppofite polarities. If they are the fame, their ac- 
tion on each other tends to diminilh the general magne- 
tifm, and to caufe the centre of effort to approach the 
centre of the magnet. If they have oppofite polarities, 
the contrary effe6l will be produced. The general mag- 
netifm of each will increafe, and the pole (or its centre 
of effort) will approach to the furface. In either of 
thefe cafes, the compound magnetifm of the whole may 
change exceedingly, by a change by no means confider- 
able in the magnetifm of each pair of poles. It is diffi- 
cult to fubjedl this to calculation ; but the reader may 
have very convincing proof of it, by taking a Hrong 
and a weaker magnet of the fame length, and one of 
them, at lead, of Heel not harder than fprhig temper. 
Lay them acrofs each other like an acute letter X ; 
and then place a compafs needle, fo that its plane of ro- 
tation may be perpendicular to the plane of the X. 
Note exadlly the poiition in which the needle fettles. 
In a few minutes after, it will be found to change con- 
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fiderably, although no remarkable change has yet hap- 
pened to the magnets themfelves. 

We flatter cmrfelves, that our readers will grant that 
the preceding pages contain what may juftly be called 
a theory of magnetifm, in as much as we have been able 
to conclude every phenomenon in one general fad, tne 

'indudion of magnetifm ; and have given fuch a de- 
feription of that fad and its modifications, that we can 
accurately predict what will be the appearances of mag- 
nets and iron put into any delired fituation with reipect 
to each other. If our notions of philolophical diiqui- 
fitfon (delivered in art. Philosophy, Encycl. Brit.) be 
juft, we have explained the fubordinate phenomena, or 
have given a theory of magnetifm. 

But it is not eafy to fatisfy human curiofity. Men 
have even inveftigated, or fought for caufes of the per- 
feverance of matter in its prelent condition. We have 
not been contented with Newton’s theory of the celef- 
tial motions, and have fought for the caufe of that mu- 
tual tendency which he called gravitation, and ol which 
all the motions are particular inftances. 

Philofophers have been no lefs inquifitive after what 
may be the caufe of that mutual attraction of the diffi- 
milar poles, and the repullion of the iimilar poles, and 
that faculty of mutual impregnation, or excitement, 
which fo remarkably diftinguilh iron, in its various ftates, 
from all other fubftances. The adion of bodies on each 
other at a diftance, has appeared to them an abfurdity, 
and all have had recourfe to fome material intermedium. 
The phenomenon of the arrangement of iron filings is 
extremely curious, and naturally engages the attention. 
It is hardly poffible to look at it without the thought 
arifmg in the mind of a ftream iffuing from one pole of the 
magnet, moving round it, entering by the other pole, and 
again ifluing from the former outlet. Accordingly, this 
notion has been entertained from the earlieft times, and 
different fpeculatifts have had different waysof conceiving 
how this ftream operated the effeds which we obferve. 

The fimpleft and moft obvious was juft to make it 
ad like any other ftream of fluid matter, by impuhion. 
Impulfion is the thing aimed at by all the fpeculatifts. 
They have a notion, that we conceive this way of com- 
municating motion with intuitive clearnels, and tnat a 
thing is fully explained when it can be fhewn that it is 
a cafe of impulfion. We have confidered the authority 
of thefe explanations in the article Impulsion of this 
Supplement, and need not repeat our reafons for refufing 
it any pre-eminence. But even when we have fhewn 
the phenomena to be cafes of impulfion by fuen a ftieam, 
the greateft difficulty, the moft curious and the moft 
embarraffing, is to afeertain the fources of this impuliive 
motion of the fluid—How, and from what caufe does it 
begin? What forces bend it in curves round the magnet ? 
Thofe philofophers, whofc principle obliges them to ex- 
plain gravitation alfo by impulfe, muft have another 
ftream to impel this into its curves. Ading by impul- 
iion, this magnetic ftream muft lofe a quantity of mo- 
tion equal to what it communicates. What is to re- 
ftore this ? What direds ft in a particular courfe thro’ 
the magnet ? And what is it that can totally alter that 
courfe—in a moment—in all the phenomena of induced 
magnetifm ? How does it impel ? Lucretius, either 
of himfelf, or fpeaking after the Greek philofophers, 

makes it impel, not the iron, but the furrounding air, 
fweeping it out of the way ; and thus giving occafion 
for the furrounding air to rufh around the magnet, and 
to hurry the bits of iron toward it. There is, perhaps, 
more ingenious refinement in this thought than in any 
of the impulfive theories adopted fince his day by Des 
Cartes, Euler, and other great philofophers : But it is 
fagacioufly remarked by D. Gregory, in his MS. notes 
on Newton, that this theory of Lucretius falls to the 
ground; becaufe the experiments fucceed juft as well 
under water as in the air. As to the explanations, or 
deferiptions, of the canals and their dock gates, open- 
ing in one diredion, and (hutting in the other, conftruc- 
tions that are changed in an inftant in a bar of iron, by 
changing the pofition of the magnet, we only wonder 
that men, who have a reputation to lofe, fliould ever 
hazard fuch crude and unmechanical dreams before the 
public eye. The mind of man cannot conceive the pof- 
fibility of their formation ; and if they are really form- 
ed, the effeds ftiould be the very oppofite of thofe that 
are obferved : the ftream fliould move thofe bodies leaft 
which afford ready channels for its paffage. If a rag 
of iron filings be arranged by the impulfion of fuch a 
ftream, it fliould be carried along by it; and if it is mi- 
pelled toward one end of the magnet, it fliould be im- 
pelled ykom the other end. Since we now know, that 
each particle of filings is a momentary magnet, we mult 
allow a fimilar ftream whirling round each. Is that an. 
explanation which exceeds all power of conception ? 

But has it ever been ftiewn that there is any impul- 
fion at all in thefe phenomena ? Where is the impelling 
fubftance ? The only argument ever offered for its ex- 
iHence is, that we are refolved that the phenomena of 
magnetifm ftiall be produced by impulfion, and the ar- 
rangement of iron filings looks fomewhat like a ftream. 
But enough of this. We truft that we have ftiewn the 
way in which this arrangement obtains in the cleareft: 
manner. Every particle becomes magnetic by induc- 
tion. This is a fad, which fets all reafoning at defi- 
anca. The polarity of each rag is fo difpofed, that 
their adjoining ends turn to each other. This is ano- 
ther uncontrovertible fad. And thefe two fads explain 
the whole. The arrangement of iron filings, therefore, is 
a fecondary fad, depending on principles more general; 
and therefore cannot, confidently with juft logic, be af- 
fumed as the foundation of a theory. 

Had magnetifm exhibited no phenomena befides the 
attradion and repulfion of magnets, it is likely that we 
fliould not have proceeded very far in our theories, and 
would have contented ourfelves with reducing thefe 
phenomena to their moft general laws. But the com- 
munication of magnetifm feems a great myftery. The 
Ample approach of a magnet communicates thefe powers 
to a piece of iron ; and this without any diminution of 
its own powers. On the contrary, beginning with mag- 
nets which have hardly any fenlible power, we can, by 
a proper alternation of the manipulations, communicate 
the ftrongeft magnetifm to as many hard fteel bars as 
we pleafe ; and the original magnets ftiall be brought 
to their higheft degree of magnetifm. We have no 
notion of powers or faculties, but as qualities of fome 
fubftances in which they are inherent. Yet here is no 
appearance of fomething abftraded from one body, and 
communicated to, or ftiared with another. The pro- 
cefs is like kindling a great fire by a Ample fpark ; here 
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is no communication, but only occafion given to the ex- 
ertion of powers inherent in the combuftible matter. It 
appears probable, that the cafe is the fame in magne- 
tifm ; and that all that is performed in making a magnet 
is the excitement of powers already in the fteel, or the gi- 
•ving occafion for their exertion ; as burning the thread 
■which ties together the two ends of a bow, allows it to 
unbend. This notion did not efcape the fagacity of 
Dr Gilbert; and he is at much pains to {hew, that the 
coilio magnetica is a quality inherent in all magnetical 
bodies, and only requires the proper circumftance for its 
exertion. He is not very fortunate in his attempts to 
explain how it is developed by the vicinity of a mag- 
net, and how this faculty, or adtual exertion of this 
power, becomes permanent in one body, while in an- 
other it requires the conftant prefence of the magnet. 

Magnetical It is to Mr jiEpinus, of the Imperial Academy of St 
hypothefis Peterfburgh, that we are indebted for the firft. really 
of jEpinus. philofophical attempt to explain all thefe myfteries. 

We mentioned, in the article Electricity, Suppl. the 
circumftance which fuggeited the firfl hint of this the- 
ory to iEpinus, ,vi%. the refemblance between the at- 
tradtions and repullions of the tourmaline and of a mag- 
net. A material caufe of the ele&ric phenomena had 
long been thought familiar to thephilofophers. They had 
attributed them to a fluid which they called an eledtric 
fluid, and which they conceived to be fliared among bo- 
dies in different proportions, and to be transferable from 
one to another. Dr Franklin’s theory of the Leyden 
phial, which led him to think that the faculty of pro- 
ducing the eledfrical phenomena depended on the defi- 
ciency as well as the redundancy of this fluid, combi- 
ned with the phenomena of induced electricity, fugged- 
ed to iEpimis a very perfpicuous method of dating the 
analogy of the tourmaline and the magnet; which he 
publifhed in 1758 in a paper read to the academy. 

Refledting more deeply on thefe things, Mr jEpinus 
came by degrees to perceive the perfedt fimilarity be- 
tween all the phenomena of eledtricity by pofition and 
thofe of magnetifm ; and this led him to account for 
them in the fame manner. As the phenomena of the 

' Leyden phial, explained in Franklin’s manner, {hews 
that a body may appear eledtrical all over, by having lefs 
than its natural quantity of the eledfric fluid, as well as 
by having more, it feemed to follow, that it may alio 
be fo in refpedl to different parts of the fame body ; 
and therefore a body may become eledfrified in oppo- 
flte ways at its two extremities, merely by abflradiing 
the fluid from one end, and condenling it in the other ; 
and thus may be explained the phenomena of induced 
electricity, where nothing appears to have been commu- 
nicated from one body to the other. If this be the cafe, 
the two ends of a body rendered eledfric by induction 
fhould exhibit the fame diftindtions of phenomena that 
are exhibited by bodies wholly redundant and wholly 
deficient. The redundant ends {hould repel each other ; 
fo {hould the deficient ends ; and a redundant part 
{hould attradt a deficient. All thefe refults of the con- 
jedture tally exadtly with obfervation, and give a high 
degree of probability to the conjedture. The fimilarity 
of thefe phenomena to the attradtions of the diflxmilar 
poles of a magnet, and the repulfions of the fimilar poles, 
is fo ftriking, that the fame mode of explanation forces 
itfelf on the mind, and led Mr Aipinus to think, that 
the faculty of producing the magnetical phenomena be- 

longed to a magnetical fluid, refiding in all bodies fufeep. 
tible of magnetifm ; and that the exertion of this facul- 
ty require nothing but the abftradlion of the fluid from 
one end of the magnetic bar, and its conflipation in the 
other. And this conjedture was confirmed by obfer- 
ving, that in the indudtion of magnetifm on a piece of 
iron, the power of the magnet is not diminifhed. 

All thefe circumftances led Mr iEpinus to frame the 
following hypotbefis : 

1. There exiits a fubftance in all magnetic bodies, 
which may be called the magnetic fluid ; the particle's 
of which repel each other with a force decreafing as the 
diftance increafes. 

2. The particles of magnetic fluid attradt, and are 
attradted by the particles of iron, with a force that va- 
ries according to the fame law. 

3. The particles of iron repel each other acccording 
to the fame law. 

4. The magnetic fluid moves, without any confide- 
rable obftrudtion, through the pores of iron and foft 
fteel ; but is more and more obitrudted in its motion as 
the fteel is tempered harder; and in hard tempered Heel, 
and in the ores of iron, it is moved with the greateft 
difficulty. 

In confequence of this fuppofed attradlion for iron, 
the fluid may be contained in it in a certain determinate 
quantity. This quantity will be fuch, that the accumula- 
ted attradlion of a particle for all the iron balances, or is 
equal to, the repulfion of all the fluid which the iron con- 
tains. The quantity of fluid competent to a particle of 
iron is fuppofed to be fuch, that the repulfion exerted 
between it and the fluid competent to another particle 
of iron is alfo equal to its attradlion for that particle of 
iron : And therefore the attradfion between the fluid in 
an iron bar A for the iron of another bar B, is juft equal 
to its repulfion for the fluid in B ; it is alfo equal to the 
repulfion of the iron in A for the iron in B. This 
quantity of fluid refiding in the iron may be called its 
NATURAL QUANTITY. 

In confequence of the mobility through the pores 
of the iron, the magnetic fluid may be abftradled 
from one end of a bar, and condenfed in the other, by 
the agency of a proper external force. But this is a 
violent ftate. The mutual repulfion of the particles of 
condenfed fluid, and the attraction of the iron which it 
has quitted, tend to produce a more uniform diftribu- 
tion. If we reflect on the law of adtion, we fhall clear- 
ly perceive, that fomewhat of this tendency mult ob- 
tain in every ftate of condenfation and rarefaction, and 
that there can be a perfect equilibrium only when the 
fluid is diffufed with perfect uniformity. This, there- 
fore, may be called the natural state of the iron. 

If the rcfiftance oppofed by the iron to the motion of 
the magnetic fluid be like that of perfedt fluids to the 
motion of folid bodies, arifing entirely from the com- 
munication of motion, there is no tendency to unifotm 
diffuiion fo weak as not to overcome fuch refiftance, and 
finally to produce this uniform diftribution. But (as 
is more probable) if the obftrudtion refembles that of a 
clammy fluid, or of a foft plaftic body like clay, fome 
of the accumulation, produced by the agency of an ex- 
ternal force, may remain when the force is removed ; the 
diffufion will ceafe whenever the equalifing force is juft 
in equilibrio with the obftrudtion. 

All the preceding circumftances of the hypothefis 
are 
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are fo perfe&!y analogous to the hypothecs of Mr iE- 
pinus for explaining the ele&rical phenomena, which is 
given in detail in the article Electricity of this Sup- 
plement, that it would be fuperfluous to enter into a mi- 
nute difcuffion of their immediate refults. We there- 
fore beg the reader to perufe that part of the article 
Electricity where the elements of vEpinus’s hypothe- 
iis are delivered, and the phenomena of induced ele&ri- 
city explained (viz, from n» n. to 60. inclufive), and 
to fuppofe the difcourfe to relate to the magnetical fluid. 
Let N, S, n, s, be confidered as the overcharged and 
undercharged parts of a magnetical body, or the poles 
of a magnet, and of iron rendered magnetical by induc- 
tion. We {hall confine our obfervations in this place 
to thofe circum(lances in which the mechanical pheno- 
mena of magnetifm are limited by the circumftance that 
magnets always contain their natural quantity of fluid ; 
fo that their action on iron, and on each other, depends 
entirely on its unequable diftribution ; as is the cafe 
with induced electricity. 

[Jnetifm Let the magnet NAS (fig. 26.), having its north 
>w indu- pole NA overcharged, be fet near to the bar « B j- of 
d on iron common iron, and let their axes form one flraight line. 
X^-Then (as in the cafe of eleCdrics) the overcharged pole 

NA adts on the bar B only by means of the redundant 
fluid which it contains. For that portion of its fluid, 
which is juft fufftcient for faturating the iron, will repel 
the fluid in B, juft as much as the iron in NA attracts 
it ; and therefore the fluid in B fuftains no change from 
this portion of the fluid in NA. In like manner, the 
pole SA ads on B only in confequence of the iron in 
SA, which is not faturated or attended by its equiva- 
lent fluid. 

If the fluid in B is immoveable, even the redundant 
fluid in NA, and redundant iron in SA, will pro- 
duce no fenfible effeCl on it: For every particle of iron 
in B is accompanied by as much fluid as will balance, 
by its repulfions and attractions, the attractions and re- 
pulfions of the equidiftant particle of iron. But as the 
magnetical fluid in B is fuppofed to be eafily moveable, 
it will be repelled by the redundant fluid in AN toward 
the remote extremity n, till the refiftance that it meets 
with, joined to its own tendency to uniform diffuiion, 
juft balances the repulfion of AN. This tendency to 
uniform diffufion obtains as foon as any fluid quits its 
place ; as has been fufficiently explained in the Supple- 
mentary article Electricity, n° 16, 17, &c. 

But, at the fame time, the redundant iron in AS at- 
traCls the fluid in B, and would abftraCt it from B w, 
and condenfe it into B s. This attraClion oppofes the 
repulfion now mentioned. But, becaufe AS is more 
remote from every point of B than AN is from the 
fame point, the repulfions of the redundant fluid in AN 
will prevail; and, on the whole, fluid will be propelled 
toward «, and will be rarefied on the part B s. But as 
to what will be the law of diftribution, both in the re- 
dundant and deficient parts of B, it is plain that no- 
thing can be faid with precifion. This muft depend on 
the diftribution of the fluid in the magnet NAS. The 
more diffufed that we fuppofe the redundant fluid and 
matter in the magnet, the farther removed will the cen- 
tres of effort of its poles be from their extremities ; the 
fmaller will be the aCtion of AN and AS, the fmaller 
will be their difference of aClion ; and therefore the 
fmaller will be the condenfation in B and the rare- 
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faClion in B s'. Hence we learn, in the outlet of this 
attempt to explanation, that the aClion of a magnet will 
be fo much the greater as its poles are more concentra- 
ted. This is agreeable to obfervation, and gives fome 
credit to the hypothefis. We can juft fee, in a vtty 
general manner, that the fluid will be rarer than its na- 
tural ftate in s, and dcnfer in n ; and that the change 
of denfity is gradual, and that the denfity may be re- 
prefented by the ordinates of fome line l bd (fig. 27.)» 
while the natural denfitv is reprefented by the ordinates 
to the line C^I), parallel to s n. There will be fome 
point B of the iron bar, where the fluid will be of its 
natural denfity, and the ordinate B£ will meet the line 
c b d in the point of its interfedion with CD. 

All this aCtion is internal and imperceptible. Let us 
inquire what will be the fenfible external aClion. There 
is a fuperiority of attraClion towards the magnet : lor 
fince the magnetic aClion is fuppofed to diminifh con- 
tinually by an increafe of diftance, the curve, whole or- 
dinates reprelent the forces, has its convexity toward 
the axis. Alfo, the force of the poles AN, AS, are 
equal at equal diftances : For, by the hypotheiis, the 
attraClion and repulfion of an individual particle are 
equal at equal diftances ; and the condenfation in AN 
is equal to the deficiency in AS, by the fame hypothe- 
fis ; becaufe NAS ftili contains its natural quantity of 
fluid. Therefore the aClion of both poles may be ex- 
preffed by the ordinates of the fame curve, and they will 
differ only by reafon of their diftances. We may there- 
fore exprefs the adions by the four ordinates M»w, Pp» 
N«, of fig. 2. j of which the property (deduced 
from the Angle circumftance of its being convex to- 
ward the axis) is, that M -f Qjr is greater than Yp 
-p N «. There is therefore a furplus of attraClion. It 
is only this furplus that is perceived. The fluid, move- 
able in B, but retained by it fo as not to be allowed to 
efcape, is preffed towards its remote end n by the ex- 
cefs P /> — of the repulfion of the redundant fluid 
in AN, above the attraClion of the redundant iron in 
AS. This excefs on every particle of the fluid is tranf- 
mitted, by the common laws of hydroilaties, to the 
ftratum immediately incumbent on the extremity n, and 
B is thus preffed away from A. But every particle of 
the folid matter in B is attraCled towards A by the ex- 
cefs Mw N« of the attraClion of the redundant 
fluid in AN above the repulfion of the redundant iron 
in AS : and this excefs is greater than the other ; for 
in q h greater than p n. 

The piece of common iron « B ^ is therefore attraCl- 
ed, in confequence of the fluid in it having been pro- 
pelled towards its remote extremity, and diftributed in 
a manner fomewhat refembling its diftribution in NAS. 
Now, in this hypothefis, magnetifm is held to depend 
entirely on the diftribution of the fluid. B has there- 
fore become a magnet, has magnetifm induced on it, 
and, only in confequence of this induction, is attraded 
by A. 

Had we fuppofed the deficient, or fouth pole of A, 
to have been neareft to B, the redundant matter in AN 
would have attraCled the movfcable fluid in B more than 
the remoter redundant fluid in AS repels it ; and, on 
this account, the magnetic fluid would have been con- 
ftipated in B j, and rarefied in B «. It would iu this 
cafe alfo, have been diftributed in a manner fimilar to 
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its fituation in the magnet. And B would therefore have 
been a momentary magnet, having its redundant pole 
fronting the deficient or diffimilar pole of A. It is plain 
that there would be the fame furplus of attraction in 
this as in the former inftance, and B would (on the 
whole) be attracted in confequence, and only in confe- 
quence, of having had a properly difpofed magnetifn 
induced on it by juxtapofition. The fenfible attrac- 
tion, in this cafe, is z confequence oi the diftribution now 
defcribed ; becaufe, fince the fluid conftipated in the 
end next to A cannot quit B, the tendency of this fluid 
toward A mud prefs the folid matter of B in this di- 
rection (by hydroflatical laws) more than this folid 
matter is repelled in the oppofite direction. 

Thus it appears that the hypothefis tallies precifely 
with the induCtiop of magnetifm, We do not call this 
an explanation of the phenomenon ; for the faCt is, that 
it is the hypothefis that is explained by the phenome- 
non : That is, if any perfon be told that induced mag- 
netifm is produced by the aftion of a fluid, in conle- 
quence of its fituation being changed, he will find, that 
in order to agree with the attraction of diflimilar, and 
the repulfion of iimilar poles, he mud accommodate 
the fluid to the phenomena, by giving it the proper- 
ties affigned to it by iEpinus. 

But the agreement with this fimpled poffible cafe of 
the mod Ample example of induced magnetifm, is not 
enough to make us adopt the hypothefis as adequate to 
the explanation of all the magnetic phenomena. We 
mud confront the hypothefis with'a variety of obferva- 
tions, to fee whether the coincidence will be without 
exception. 

When the key CB, in fig. 8. is brought below the 
condipatcd north pole N of the magnet SAN, its own 
moveable fluid is propelled from C towards B, and is 
difpofed in CB nearly after the fame manner as in SAN. 
Therefore the redundant fluid in the lower end of the 
key repels the moveable fluid in the wire BD more 
than the redundant matter in the upper end C attracts 
it ; and thus the fluid is rarefied in the upper end of 
the wire BD, and condenfed in its lower end D. CB 
and BD therefore are two temporary magnets, having 
their difixmilar poles in contaft, or neared to each other. 
This is all that is required for their attraction. This 
effeCt is promoted by the aCtion of N on the wire BD, 
alfo propelling the fluid toward D; and thus increafing 
the mutual attraction of CB and BD. In like man- 
ner, when the key CB is held above the magnet, the 
moveable fluid in it is more attracted by the redundant 
matter in SA than it is repelled by the more remote 
redundant fluid in AN. The fame thing happens to 
the fluid in the wire BD. Therefore CB and BD 
mud attraCt each other ; and the key will carry the 
wire, although the magnet is below it, and alfo attracts 
it. This Angularity proceeds from the almod perfeCt 
mobility of the fluid in the two pieces of common iron, 
which renders their poles extremely condipated ; where- 
as the hardnefs required for the fixed magnetifm of the 
magnet prevents this complete condipation and rare- 
faction. This can be driCtly demondrated in the cafe 
of flender rods of iron ; but we can fhew, and expe- 
rience confirms it, that in other cafes, depending on the 
fhape and the temper of the pieces, the wire will not 
adhere to the key, but to the magnet. 

xn the various fituations and petitions of the key and 

wire j-eprefented in fig. 7. the aCtions of fome of the 
poles on the moveable fluid in the iron are oblique in 
regard to the length of the pieces; but, fince the move- 
able matter is fuppofed to be a fluid, it will dill be pro- 
pelled along the pieces, notwithdanding their obliquity, 
in the fame manner as gravity makes water occupy the 
lower end of a pipe lying obliquely. ' If indeed the 
magnetic fluid could efcape from the iron without any 
obAru&ion by the propulfion of the magnet, it could 
produce no attraction, or fenfible motion, any more 
than light does in.a tranfparent body. What is demon- 
drated of the eleCtric fluid in the Supplemental article 
Electricity, n° 133. is equally true here. Why the 
fluid does not efcape when it is fo perfectly moveable, 
is a queflion of another kind, and will be donfidered af- 
terwards ; at prefent, the hypothefis is, that it does not 
efcape. 

If the key and wire have the pofition fig. 10. n° 1. 
the fluid is expelled from the parts in contaCt, and is 
condenfed in the remote ends. So far from attracting 
each other, the key and wire mud repel. They are 
temporary magnets, having their fimilar poles fronting 
each other. They mud repel each other, if prefented 
in a fimilar manner to the fouth pole of the magnet. 

If they be prefented as in n° 2. fig. 10. where the 
aCtious of both poles of the magnet are equal, the date 
of the fluid in them will not be affeCted. The redun- 
dant pole of the magnet repels the moveable fluid in 
both the key and the wire toward the upper ends; but 
the deficient pole aCts equally on it in the oppofite di- 
rection. It therefore remains uniformly didributed 
through their fubflance ; and therefore they can exhi- 
bit no appearance of magnetifm. 

But if the key and wire be prefented to the fame 
part of the magnet, but in another pofition, as fhewn 
in fig. 8. n°3. the fluid of the key will be abdraCted 
from C, and condenfed in B, by the joint aCtion of 
both poles of the magnet. The fame thing will happen 
in the wire BD. Here, therefore, we have two mag- 
nets with their diflimilar poles touching. They will at- 
traCl each other drongly ; and if carried gradually to- 
ward the upper or lower end of the magnet, they will 
feparate before the point B arrives abread of N or S. 
For fimilar reafons, the pieces of iron prefented to the 
middle of the magnet, as in fig. 10. will have one fide 
a w^eak north pole, and the other fide a weak fouth 
pole; but this wull not be confpicuous, unlefs the pieces 
be broad. 

This experiment fhews, in a very perfpicuous man- 
ner, the competency of the hypothefis to the explana- 
tion of the phenomena. When the fluid is not moved, 
magnetifm is not induced, even on the mod fufceptible 
fubflance. 

When a piece of iron A (fig. 10.), nearly as large as 
the magnet can carry, hangs at either pole, a large piece 
of iron B, brought near to the pole on the other fide, 
fhould caufe it immediately to fall. If S be the defi- 
cient pole, it caufes the fluid in A to afeend to the top, 
and A is attrafted : but, for the fame reafon, it caufes 
the fluid in B to accumulate in its low^er end. This 
redundant fluid mud evidently counteract the redun- 
dant matter in S, in the induction of the magnetic date 
on A. Being more remote from A than S is, it can- 
not wholly prevent the accumulation in the upper end 
of A ; but it renders it fo trifling, that the remaining 

attraction 
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»ttra£lton thcnc« arifing' cannot fupport the weight of 
A- This is a very inftru&ive experiment. 

But if, on the contrary, we bring a large piece of 
iron C below the heavy key A) this piece C will have 
its fluid accumulated in its upper end, both by the ac- 
tion of A on it, and by the action of the magnet. The 
attraction of the magnet for A fhould therefore be aug- 
mented ; and a magnet fliould carry a heavier lump of 
iron when a great lump is beyond it. And it is clear 
(we think), for fimilar reafons, that the magnetifm of 
the magnet itfelf in fig. it. fhould be increafed by 
bringing a great lump of iron near its oppofite pole : 
for the magnet differs from common iron only in the 
degree of the mobility of its fluid. 

When a compafs needle is placed oppofite to the re- 
dundant pole N of a magnet AN (fig. 28.), it arranges 
itfelf magnetically. If a piece of common iron be now 
prefented laterally to the near point of the needle, the 
redundant matter in the adjoining parts of the needle 
and the iron fhould make them repel; but if prefented 
to the remote end, the redundant matter in the iron 
fhould attract the redundant fluid in that end of the 
needle, and that end fhould turn toward the iron. 

A parcel of flender iron wires, carried by the pole of 
a magnet, as in fig. 29. fhould avoid each other. If N 
be the redundant pole, the fluid in each wire will be 
driven to the remote end, where it mufl repel the fimi- 

-larly fituated fluid of its neighbour. The fame exter- 
nal appearance mufl be exhibited by pieces of wire hang- 
ing at the deficient pole of the magnet. 

The redundant pole of a magnet A (fig. 30.) being 
held vertically above the centre of two pieces of com- 
mon iron, moveable round a flender pin, renders the 
middle of each deficient, and their extremities redun- 
dant ; therefore they fhould repel each other, and fpread 
out. The fame effedt fhould be produced by the un- 
dercharged pole of A.. 

The redundant pole of a magnet A being applied to 
one branch of the piece of forked iron NCS (fig. 3i-)> 
fhould drive the fluid into its remote parts C, and then 
the branch NC fliould be able to induce the magnetic 
ftate on a bit of iron D. But if the deficient pole S 
of another magnet B be applied to the other branch, 
thefe two aftions fliould counterail each other at C, 
and the iron fhould remain indifferent, and fall.—Yet 
the magnet B alone would equally caufe C to carry the 
piece of iron. 

It is furely unneceflary to demonftrate, that the con- 
fequence of this hypothefis mufl be, that when a mag- 
net puts any piece of iron into the magnetic ftate, its 
own magnetifm is improved. For the induced magne- 
tifm of the iron is always fo difpofed as to give the fluid 
in the magnet a greater conflipation where already con- 
denfed, and to abflraft more fluid from the parts alrea- 
dy deficient. If magnetifm be produced by fuch a 
fluid, a magnet mufl always improve by lying any how 
among pieces of iron. 

But the cafe may be very different when magnets are 
kept in each others neighbourhood. When the overchar- 
ged poles of two magnets are placed fronting each o- 
ther, the redundant fluid in each repels that in the other 
more than it attracts the remoter redundant iron. The 
magnets mufl therefore repel each other. Moreover, 
in rendering them magnetical, the repuliion of redun- 
dant fluid, or the attraction of redundant matter of fome 
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other magnet, had been employed ; and when the mag- 
net was removed, fome of the conflipated fluid over- 
came the obflruftion to its uniform diffufion, and efca- 
ped into the deficient pole ; what remains is withheld 
by the obftrudtion, and the refloring forces are juft in 
eqnilibrio with this obflrudfion. If we now add to 
them the repullion of redundant fluid, directed toward 
the deficient pole, fome more of the conflipated fluid 
muft be driven that way, and the magnet mull be weak- 
ened. Nay, it may be deftroyed, and even reverfed, 
if one of the magnets be very powerful, and have its 
own magnetifm very fixed ; that is, if its fluid be very- 
redundant, and meet with very great obftruftion to its 
motion. Hence it alfo fliould follow, that the repul- 
fion obferved between two magnets fliould be weaker 
at the fame diftance than their attraction, and fliould 
follow a different law. For in the courfe of the expe- 
riments, the fituation of the fluid in the magnets is con- 
tinually changing, and approaching to a ftate of uni- 
form diffufion. ^ 

Let us now examine into the fenfible effedl of thisExplana- 
fluid on a magnet which cannot move from its place, t’011 °f t*1= 

but can turn on its centre like a compafs needle. This^' 
fcarcely requires any difcuffion. We fliould only be re* of polarity, 
peating with regard to the redundant fluid and redun- 
dant matter, what we formerly faid in regard of north 
pole and fouth pole ; the little magnet muff arrange it- 
felf nearly in the tangent of a magnetic curve. But it 
requires a more minute inveftigation to determine what 
the fenfible phenomenon ftiould be when the fluid of the 
little magnet is perfe&ly moveable. 

Suppofe therefore a particle C (fig. 32.) of magne- 
tic fluid, at perfeCt liberty to move in every direction, 
and aCted on by the redundant and deficient poles of a 
magnet NAS. The redundant iron in S attracts C in 
the direction and with the force CF, while the redun- 
dant fluid in N repels it in the direction and with the 
force CD. By their joint aCtion it muft be urged in 
the direction and with the force CE, the diagonal of 
the parallelogram CDEF, which muft be accurately a 
tangent to a magnetic curve. If this particle of fluid 
belong to the piece of iron nC s, which lies in that very 
direction, it will unqueftionably be pufhed towards the 
extremity n. The fame muft happen to other parti- 
cles. Hence it appears that a piece of common iron 
in this fituation and pofition muft become a magnet, and 
muft retain this pofition ; only the mechanical energy 
of the lever may change the equilibrium of the magne- 
tic forces a little ; becaufe when the piece of iron nC s 
has any fenfible magnitude, the aCtion on its different 
points wdll be a little unequal, and may compofc dia- 
gonals which divide a little from the tangent. 

Should the iron needle chance not to have the exad 
pofition, but not deviate very far from it, it is alfo 
clear that the fluid, not being able to efcape, will prefs 
on the fide toward which it is impelled ; and thus will f 
caufe the needle to turn on its pivot, and finally arrange 
itfelf in magnetical and mechanical equilibrium, devia- 
ting fo much the lefs from a tangent to a magnetic 
curve as the piece of iron is fimaller. Any piece of 
common iron, held in the neighbourhood of a magnet, 
wdll become more overcharged at one end and under- 
charged at the other, in proportion as the pofition of its 
length comes nearer to the tangent of a magnetic curve. 
A flender wire held perpendicular to this pofition, that 

T 2 is. 
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Is, perpendicular to the curve, ftiould not acquire any 
fenfible magnetifm, either attradiive or directive. 

We furely need not now employ many words to 
{hew that a parcel of iron filings, (Irewed round a mag- 
net, fiiould arrange themfelves in the primary magnetic 
curves, or that when llrewed round two magnets they 
fhould form the fecondary or compofite curves. 

Let us now enquire more particularly into the modi- 
fications of this accumulation of magnetic fluid which 
may refult from the nature of the piece of iron, as it is 
put into the magnetic ilate. The propelling force of 
,A adds againft the mutual repuliion of the particles of 
fluid in B, and alfo againil the obltruftion to its motion 
through the pores of B. The greater this obftrudUon, 
the fmaller will be the accumulation which fuffices, in 
conjun&ion with the obflrudtion and the attraddion of 
the deferted iron, to balance the propulfive force of the 
redundant fluid in the overcharged pole of A. This 
circumflance therefore mull limit the accumulation that 
can be produced in a given time. Therefore the mag- 
netifm produced on foft fteel or iron fhould be greater 
than that produced in hard fteel at the fame diftance. 
Hence the great advantage of foft poles, or of armour, 
or of capping, to a loadftone, or to a bundle of hard 
bars. The belt form and dimenfions of this armour is 
certainly determinable by mathematical principles, if 
we knew the law of magnetical addion, and the difpofi- 
tion of the magnetifm in our loadftone; but thefe are 
too imperfedlly known in all cafes for us to pretend to 
give any exadd rules. We mult decide experimentally 
by making the caps large at firft, and reducing them till 
we find the loadftone carry lefs ; then make them a 
fmall matter larger. The chief things to be minded are 
the purity, the uniformity, and the foftnefs of the iron, 
and the clofeft poffible contadd. 

If the obftrudtion refemble that to motion through a 
clammy fluid, tire final accumulation in hard fteel may 
be nearly equal to that in iron, but will require much 
longer time. Alfo, becaufe fuch obftru&ion to the mo- 
tion of the fluid will nearly balance the propelling force 
in parts that are far removed from the magnet, the ac- 
cumulation will begin thereabouts, while the bar beyond 
is not yet alfedfed. A redundant pole will be formed 
in that place. This will operate on what is immediattly 
beyond it, driving the fluid farther on, and occafioning 
another accumulation at a fmall diftance. This may 
produce a fimilar effedt in a ftill fmaller degree farther 
on. Thus the fteel bar will have the fluid alternately 
condenfed and rarefied, and contain alternate north and 
fouth poles. This ftate of diftribution will not be per- 
manent ; fluid will be gradually changing its place ; 
thefe poles will gradually advance along the bar, the re- 
moter poles becoming gradually morediffufe and faint ; 
and it will not be till after a very long time that a re- 
gular magnetifm with two poles will be produced. To 
ftate mathematically the procedure of this mechanifm 
would require many pages. Yet it may be done in 
fome fimple cafes, as Newton has dated the procefs of 
aerial undulation. But we cannot enter upon the talk 
in this limited diflertation. What is faid in the Supple- 
mentary article Electricity (n'^xiy, 218.) on the 
didribution of the eleftric fluid in an imperfedt infula- 
tor,. will affift the reader to form a notion of the date 
cf magnetifm during its induction. That fuch alterna- 
tions proceed from fuch mechanifm, we have fufficient 

proof in the inftances mentioned in the former part of 
this article. The wave, or curl, produced on the fur- 
face of a clammy fluid, is a phenomenon of the fame 
kind, and owing to fimilar caufes. 

When the magnet which has produced all thefe chan- 
ges is removed, it is evident that a part of this accu- 
mulation will be undone again. The repulfion of the 
condenfed fluid, and the attra&ion of the deferted iron, 
will bring back fome of the fluid. But it is very evi- 
dent, that a part of the accumulation will remain, by 
reafon of the obdru&ion to its motion in returning ; 
and this remainder muft be fo much the greater as the 
obftruftion to the change of fituation is greater. In 
fhort, we cannot doubt but that the magnetifm which 
remains will be greater in hard than in ipring-tempered 
fteel. gQ 

Thus have we traced the hypothefis in a great variety Rationale 
of circumilances and fituations, and pointed out what of the pro. 
fliould be the external appearance in each. We didce*Mor 

not, in each inftance, mention the perfect coincidence 
of thefe confequences with what is really obferved, but ° 
left it to the recolledlion of the reader. The coinci- 
dence is indeed fo complete, that it feems hardly pof- 
fible to refufe granting that nature operates in this or 
fome very fimilar manner. We get fome confidence in 
the conjecture, and may even proceed to explain com- 
plicated phenomena by this hypothetical theory. We 
might proceed to fhew, that the effeCts of all the me- 
thods praCtited by the artifts in making artificial mag- 
nets are eafy confequtnces of the hypothefis; but this 
is hardly neceflary. We fliall juft mention fome fa<fts in 
thofe procefies which have puzzled the naturalifts. 

1. A ftrong magnet is known to communicate the 
greateft magnetifm to a bar of hard fteel ■, but Mufchen- 
broek frequently found, that a weak magnet would 
communicate more to a foft than to a hard bar. 

Explanation. When the magnet is ftrong enough to 
impregnate both as highly as they are capable of, the 
hard bar muft be the ftrongeft ; but if it can faturate 
neither, the fpring-tempered bar muft be left the moft 
magnetical. 

2. A ftrong magnet has fometimes communicated no 
higher magnetifm than a weaker one; both have btea 
able to faturate the bar. 

3. A weak magnet has often impaired a ftrong one 
by limply pafiing along it two or three times ; but a 
piece of iron always improves a magnet by the fame 
treatment. 

Explanation. When the north pole of a weak but 
bard magnet is fet on the north pole of a ftrong one, it 
muft certainly repel part of the fluid towards the other 
end, and thus it muft weaken the magnet. When it is 
carried forward, it cannot repel this back again, becaufe 
it is not of itfelf fuppofed capable of making the mag- 
net fo ftrong. But the end of a piece of iron, always 
acquiring a magnetifm oppofite to that of the part 
which it touches, muft increafe the accumulation of 
fluid where it is already condenfed, and muft expel more 
from thofe parts which are already deficient. 

4. All the parts of the procefs of the double touch, afr 
praftifed by Meffrs Mitchell and Canton, are eafily ex- 
plained by this hypothefis. A particle of fluid p (fig. 
33.), fituated in the middle between the two magnets, 
is repelled in the direftion p e by the redundant pole of 
the magnet AN, whofe centre of effort is fuppofed to 

be 
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be at C. It is attra&ed with an equal force in the di- 
reftion pd toward the centre of effort of the deficient 
pole of AS. By thefe combined a&ions it is impelled 
in the direftion pj. Now it is plain that, although by 
increafing the diftance between N and S, the forces 
with which thefe poles aft on p are diminifhed, yet the 
compound force p f may increafe by the diminution of 

the angle dp e. If the adbon is as k*- gieat- 
Cof. dpf . 

efl when is a maximum, or (nearly) when 

Sin.2 dpf X Cof. r//>/is a maximum : but this depends 
on the place of the centre of effort. We can, however, 
gather from this obfervation, that the nearer wejup- 
pofe the centres of effort of the poles N and S to the 
extremities of the magnets, the nearer muff they be pla- 
ced to each other. But we muff alfo attend to another 
circumltance \ that by bringing the poles neaier toge- 
ther, although we produce a greater aftion o;i the in- 
tervening fluid, this action is exerted on a fmalle.r quan- 
tity of it, and therefore a lefs effedl may be produced. 
This makes a wider pofition preferable ; but we have 
too imperfedt a knowledge of the circurofiances to be 
able to determine this with accuracy. The unfavour- 
able aftion on the fluid beyond the magnets.muft alfo 
be confidered. Yet all this may be afcertained with 
precifion in fome very fimple inflances, and the detei- 
mination might be of fervice, it we had not a belter 
method, independent of all hypothefes or theory ; name- 
ly, to place the. magnets at the diftance where they are 
obferved to lift the heavieft bar of iron ; then we are 
certain that their adlion is moft favourable, all circum- 
ftances being combined. 

We alfo fee a fufficient reafon for preferring the po- 
fition of the magnets employed by Mr Antheaume (and 
before him by Mr Servington Savery), in his procefa 
for making artificial magnets. The form of the paral- 
lelogram dpef is then much more favourable, the dia- 
gonal pf being much longer. 

We alfo fee, in general, that, by the method ot 
double touch, a much greater accumulation of fluid may 
be produced than by any other known procefs. 

And, laftly, fince no appearances indicate any diffe- 
rence between natural and artificial magnetifm, this hy- 
pothefis is equally applicable to the explanation of the 
phenomena of natural magnetifm ; fuch as the pofition 
of the horizontal, and of the dipping needle, and the 
impregnation of natural loadftones. _ 

Having fuch a body of evidence for the aptitude of 
this hypothefis for the explanation of phenomena, it 
will furely be agreeable to meet with any circumftances 
which render the hypothefis itfelf more probable, Thefe 

■ are not wanting ; although it muft be acknowledged 
that nothing has yet appeared, befides the phenomena 
of magnetifm, to give us any indication of the exillence 
of fuch a fluid ; but there are many particulars m their 
appearance which greatly refemble the mechanical pro- 

8l parties of a fluid. . . 
Probabili- Heating a rod of iron, and allowing it to cool in a 
tyofrhe pofition perpendicular to the magnetic direction, de- 
exiftence s jtg maKnetifm. Iron is expanded by heat. It 

the particle of the magnetic fluid are retained between 
fluid. thofe of the iron, notwithftanding the forces which tend 

to diffufe them uniformly, they may thus efcape from 
between the ferruginous particles which withheld them. 

E T I S M. 
For fimilar reafons, magnetifm fhould be acquired by- 
heating a bar and letting it cool in the magnetic di- 
rection. But, befides this evident mechanical opportu- 
nity of motion, the union of fire (or whatever name 
the neologifts may choofe to give to the caule of ex- 
panfion and of heat) with the particles of iron may to- 
tally change the adtion of thofe particles on the parti- 
cles of fluid in immediate contact with them; nay, it 
may even change the fenfible law of aCtion between 
magnet and magnet. Of this no one can doubt who 
underftands the application of mathematical fcience to 
corpufcular attraaion (See Boscovich, Suppl.) A 
change may be produced in the aCtion between magnets 
without any remarkable change happening in the ac- 
tions within the magnet, and it may be juft the reverfe. 
The union of fire with the magnetic fluid may increafe 
the mutual repulfion of its parts, as it does in ail aerial 
fluids or gafes. This alone would produce a difiipation 
of fome magnetifm. It may increafe the attraction (at 
infenfible diftances) between the fluid and the non, as it 
does in numberlefs cales in chemiftry. 82 

It is well known that violently knocking or hammer-farther 
ino- a magnet weakens its force, and that hammering aground* 
piece of iron in the magnetic direction will give it fome0 eac * 
magnetifm. By this treatment the parts of the iron 
are put into a tremulous motion, alternately approach- 
ing and receding from each other. In the inffants ox 
their recefs, the pent-up particles of the fluid may make 
their efcape. A quantity of fmall Ihot may he uni- 
formly mixed with a quantity of wheat, and will re- 
main fo for ever, if nothing difturb the veflel; hut con- 
tinue to tap it fmartly with a flick for a long time, and 
the grains of fmall (hot will efcape from their confine- 
ments, and will all go to the bottom. We may con- 
ceive the particles of magnetic fluid to be affeded m 
the fame way. The fame efted is produced by grind- 
ing or filing magnets and loadftones. I he latter are 
frequently made worthlefs by grinding them into the 
proper fhape. This fhould be avoided as much as pof- 
fible, and it fhould always* he done in moulds made of 
foft iron and very maflive; but this will not always pre- 
vent the difiipation of pong magnetifm. As a farther 
reafon for afligningthis caufe for the difiipation m fuch 
cafes, it muft be obferved (Mufcheubroek takes notice 
of it), that a magnet or loadftone may be ground at its 
neutral point without much damage. But we had the 
following moft diftind example of the procefs. A very 
fine artificial magnet was fufpended by a thread, with 
its fouth pole down. A perfon was employed to knock 
it incefiantly with a piece of pebble, m fuch a manner 
as to make it ring very clearly, being extremely hard 
and eiaftic. Its magnetifm was examined from time to 
time with a very fmall compafs needle. In three quar- 
ters of an hour, its magnetifm was not only deftroyed, 
but the lower end fhewed figns of a north pole. I he 
fame magnet was again touched, and made as ftrong as 
before, and was then wound about very tight with 
wetted whipcord, leaving a fmall part bare in the middle. 
It was again knocked with the pebble, but could no 
longer ring. At the end of three quarters of an hour 
its magnetifm was ftill vigorous, and was not near gone 
after two hours and a quarter. We difeharged a Ley- 
den iar (coated with gold leaf) in the fame way. It 
flood on the top of an axis ; and while this was turned 
round, the edge was rubbed with a very dry cork filled 1 0 witm 
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with rofin, and faftened to the end of a glafs rod. This 
made the jar found like the glafs of a harmonica. One 
of them was fplit in this operation., 

A fmall bar of fteel was heated red hot and temper- 
ed hard between two ftrong magnets lying in {hallow 
boxes tilled with water, and was more ftrongly impreg- 
nated in this way than in any other that we could think 
of for a bar of that (liape. It has not yet been afcer 
tained in what temperature it is moth fufceptilde of mag- 
netifm, but it was considerably hotter than to be jutt 
vifible in a dark place. It is no objection to our way 
of conceiving magnetifm, that the fluid is immoveable 
or inactive when the iron is red hot. Either of thefe, 
or both of them, may refult from the union with the 
caufe of heat. Even a particular degree of expanfiou 
may fo change the law of aftion as to make it immove- 
tib/e ; or the union with caloric may render it inaSi've at 
all fenfible diflances. We cannot but think that fome 
very inftruftive fads might be obtained by experiments 
made on iron in the moment of its produdion, and 
changes in various chemical procefles. All magnetifm 
is gone when it is united with fulphur and arfenic in the 
greateit number of ores ; and when it is in the ftate of 
an ochre, ruft, aethiops, or folution in acids ; and when 
united with aftringent fubftances, fuch as galls. When, 
and in what ftate, does it become magnetic ? And 
whence comes the fluid of iEpinus ? It were worth 
while to try whether magnets have any influence in 
the formation or cryftallization of the martial falts ; 
and what will be their effed on iron when precipitated 
from its folutions by another metal, &c. &c. 

There remains one remarkable fad to be taken no- 
tice of, which, in one point of view, is a confirmation 
of the hypothefis, but in another prefents confiderable 
difficulties. It is well known that no magnet has ever 
been feen which has but one pole ; that is, on the hy- 
pothefis of Atpinus, which is wholly redundant, or 
wholly deficient. If all magnetifm be either the imme- 
diate or the remote effed of the great magnet contain- 
ed in the earth, and if it be produced by indudion, 
without any communication of fubftance, but only by 
changing the difpofition of the fluid already in the iron, 
we never flrould fee a magnet with only one pole. It 
muft be owned, that we never can make fuch a magnet 
by any of the proceffes hitherto defcribed ; but the ex- 
i(fence of fuch does not feem impoflible. Sruppofing a 
magnet, of the moft regular magnetifm, having only 
two poles ; and that we cut it through at the neutral 
point, or that we cut or break off any part of it—the 
lad is (for the experiment has been tried ever fince 
men began to fpeeulate about magnetifm), that each 
part becomes an ordinary magnet, with two poles, one 
of which is of the fame kind as before the reparation, 
a he queftion now is, What fhould happen according to 
the theory maintained by VEpinus l—Tent am. Theor. 
Tie8. et Magnetifmi, p. 104, &c. 

Let NAS (hg. 34.) be a magnet, of which N is 
the overcharged pole. Let th£ ordinates of the curve 
DAE exprefs the difference between the natural denfi- ' 
ty of the fluid, in a ftate of uniform diffufion, and its 
denfity as^it is really difpofed in the magnet. The 
area « ND will there exprefs the quantity of redun- 
dant fluid in the part n N, and the area y ES wi expref- 
fes the fluid wanting in the part S m. The interfedio.n 
A mants that part of the magnet where the fluid is of 

its natural denfity. Suppofe the part N n to be fepa^ 
rated, from the reft, containing the redundant fluid 
ND/>«. The tendency of this fluid to efcape from the 
iron with which it. is conneded will be greater (Mr 
^Epinus thinks) than before ; becaufe its tendency to 
quit the magnet formerly was repreffed by the attrac- 
tions of the redundant matter contained in AS. This 
is certainly true of the extremity N ; nay, perhaps of . 
all the old external furface. Fluid will therefore efcape. 
Suppofe that fo much has quitted the iron that the 
point n has the fluid of its natural denfity, as is repre« 
fented in n° 3. there is ftill a force operating at n, tend- 
ing to efcape, arifing from the repulfion of all the re- 
dundant fluid n DN. If this be fufficient for overco- 
ming the obftrudion, it will really efcape, and the iron 
will be left in the ftate reprefented by n'M. with an 
overcharged part/N, and an undercharged part fn. 

In like manner, the tendency of the magnetic fluid 
furrounding the magnet to enter into its deficient pole, 
will be greater, when it is feparated from the other, not 
being checked by the repulfion of the redundant fluid 
in that other. 

Mr iEpinus relates fome experiments which die made 
on this fubjeft. The general refult of them was, that 
the moment the parts were feparated, each had two 
poles, and that the neutral point of each magnet was. 
much nearer to the place of their former union than to 
their other ends. In a quarter of an hour afterward, 
the neutral points had advanced nearer to their middle, 
and continued to do fo, by very fmall fteps, for fome 
hours, and fometimes days, and finally were flationary 
in their middles. 

We acknowledge that this reafoning does not alto-Defats of 
gether fatisfy us, and that the gradual progrefs of the this reafon- 
neutral point toward the middle of each piece, although‘"g* 
agreeable to what (hould refult from an efcape of fluid, 
is not a proof of it. We know already, that the in- 
dudlion of magnetifm is a progreffive thing ; and we 
ftiould have expefted this change of the fituation of the 
neutral point, whatever be the nature of magnetifm. 
T. here is fomething fimilar to this, and perhaps equally 
puzzling, in the immediate recovery of magnetifm which 
has been weakened by heat ; it is partly recovefed on 
cooling. 

our chief difficulty is this; At the point A 
34’) every thing is in equilibrium before the frac- 

ture. _ The particle A is repelled by the redundant 
fluid in AN, and attra&ed by the redundant matter in 
AS ; yet it does not move, for the magnetifm is fup- 
pofed to have permanency. Therefore the obftruaion 
at A cannot be overcome by the united repulfion of 
AN and attra&ion of AS. Nor can the obftruaion 
at N be overcome by the difference of thefe two forces. 
Now fuppofe AS annihilated. The change made on 
the flate of things at A is furely greater than that at 
N, becaufe the force abftraaed is greater, the diitance 
being lefs. It does not clearly appear, therefore, that 
the removal of AS ffiould occaiion an efflux at N. This, 
however, is not impoffible ; becaufe the fluid may be fo 
difpofed, by great conftipation near N, and no great 
excels of denfity near A, that a fmaller change at N 
may produce an efflux there. But furely the tendency 
to efcape at A muft now be diminifhed, inftead of be- 
ing greater after the fra&ure. And if any efcape from 
N, this will ftill more diminifti that tendency to efcape 

from 
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from A. It does not therefore appear a clear confe- 
quence of the general theory, that the conftipated fluid 
fhould efcape ; and more particularly, that A fhould 
become deficient. And with refpedt to the entry of 
fluid into the other fragment, and its becoming over- 
charged at m, the reafoning feems Hill lefs convincing. 
The iteps of the phyfical procefs in the two parts of 
the original magnet are by no means convertible or 
counterparts of each other. There is nothing in the 
part AS to referable the force of repulfion really exert- 
ing itfelf in the correfponding point of AN. There 
would be, if there were a particle of fluid in that place; 
but there is not. The tendency therefore of external 
fluid to enter there, does not referable the tendency of 
the internal fluid to expand and diflipate. It is true, 
indeed, the difcourfe fhould be confined to points of 
the furface. But the internal motion muft alfo be con- 
fidered ; and the great objeftion always remains, name- 
ly, that the obftrufLion at A (n° i.) or at « (n° 3.) 
is fufficient to prevent the paffage of a particle of fluid 
from the pole AN into the pole AS, when urged by 
the repulfion of the fluid in the one and the attra&ion 
of the iron in the other ; and yet will not prevent the 
efcape of a particle when one of thofe caufes of motion 
is removed. Add to this, that the whole hypothefis 
affumes as a principle, that the refiftance to efcape from 
any point is greatet than the obftru&ion to motion 
through the pores. This is readily granted; for how- 
ever great we fuppofe the attraction, in the limits of 
phyfical contaft, it will be no obflruCtion to motion 
through the pores, becaufe the particle is equally af- 
feCted by the oppoiite lides of the pores ; whereas, in 
quitting the body altogether, there is nothing beyond 
the body to counteract the attraction by which it is re- 
tained. 

There feems fomething wanting to accommodate this 
beautiful hypothelis of Mr jEpinus to this remarkable 
phenomenon; and the coincidence is otherwife fo com- 
plete, that we are almott obliged to conclude that it is 
merely a deficiency, arifing from our not having a fuf- 
ficient knowledge of the law of magnetic aCtion. This 
is quite fufificient : For it may be Unfitly demonftrated, 
that if the magnetic afition decreafes in higher ratio 
than that of the fquares of the diftances, the permanen- 
cy of the fluid in any particular difpofition has fcarcely 
any dependence on the particles at any fenfible dittance, 
and is effected only by the ’variations of its denfity (See 
Electricity, Suppl. n° 217. for a cafe fomewhat fi- 
milar). Therefore, if the fluid be fo difpofed, that its 
denfity may be reprefented by the ordinates of fuch a 
curve as is drawn in fig. 34. having its two extremities 
concave towaid the axis, and a point of contrary flex- 
ure at A, the tendency to efcape at A will be the great- 
eft poffible ; and when the magnet is broken at A 
(n° 1.), or when the fluid has taken the arrangement re- 
prefented by n° 3. it cannot flop there, and mujl become 
deficient in that part. Now, it muft be acknowledged, 
that we are not abfolutely certain that the magnetic 
afilion is in the precife inverfe duplicate ratio of the di-* 
ftance. All that we are certain of is, that it is much 
nearer to it than to either the inverfe Ample or inverfe 
triplicate ratio. We own ourfelves rather difpofed to 
afcribe the prefent difficulty to our ignorance of fome 
circumftance, purely mathematical, overlooked, or mif- 

taken, than to think a conjefilure unfounded, which tal- 
lies fo accurately with fuch a variety of phenomena. 

We may here obferve, that we are not altogether fa- 
tisfied with iEpinus’s form of the experiment. He did 
not break a magnet ; he fet two fteel bars end to end, 
and touched them as one bar, making the magnetifm 
perfectly regular The then feparated them, and found 
that each had two poles. But was he certain that, 
when joined, they made but one magnet ? We have 
fometimes fucceeded in doing this, as we thought, by 
the curves of iron filings; but on putting the needle 
with which we were examining their polarity into pro- 
per fituations, we fometimes found it in the fecond in- 
terfefilion of the fecondary curves, fhewing that the bars 
were really two magnets, and not one. 

On the other hand, when a piece is broken off from 
a magnet, the fuccuffion and elaftic tremor into which 
the parts are thrown, and even the bending previous to 
the frafiture, may give opportunity to a diffipation, 
which could not otherwife happen. The parts fhould 
be feparated by corrofion in an acid, and the gradual 
change of magnetifm fhould be carefully noted. The 
writer of this article has made fome experiments of this 
nature, the refults of which prefent fbme curious obfer- 
vations : but they are not yet brought to a conclufion 
that is fit to be laid before the public. ^ 

Mr Prevot of Geneva, in a diflertation on the origin Hypcthefi*- 
of magnetic forces, endeavours to give a theory which of Prevot. 
obviates the only difficulty in that of jEpinus ; but it 
is incomparably more complex, employing two fluids, 
which by their union compofe a third, which he calls 
combined fluid. There is much ingenuity, and even 
mathematical addrefs, in adjufting the relative properties 
of thofe fluids. But fome of them are' palpably incom- 
patible cx. gr. the particles of each attradt each other, 
but thofe of the other kind moft ftrongly; yet they are 
both elaftic like air. This is furely inconceivable.-— 
Granting this, however, he fuits his different attractions, 
fo that a ftrong elefitive attraction of the combined 
fluid for iron decompofes part of the fluid in the iron, 
and each of its ingredients occupies oppofite ends of 
the bar; then will the bars approach or recede, accord- 
ing as the near ends contain a different or the fame in- 
gredient. All this is operated without repulfion. 

But the whole of this is mere accommodation, like 
Alpinus’s, but fo much more complex, that it re- 
quii-es very intenfe contemplation to follow the author 
through the confequences. Add to this, that his attrac- 
tions are operated by another fluid, infinitely more fubtle 
than either of thofe already mentioned, every particle 
of thefe being, as it were, a world in comparifon of 
thofe of the other. In fhort, he adopts all the extra- 
vagant fuppofitions of Le Sage of Geneva, and every 
thing is ultimately impulfion. Nor is the contrivance 
for obviating, the difficulty (fo often mentioned) at all 
clear and convincing ; and it is equally gratuitous with 
the reft. We cannot think this hypothefis at all inti- 
tled to the name of explanation. 

This muft ferve for an account of the hypothefis of p ^ 
JEpinus. The philofophical reader will fee, that how- orfhypo- 
evtr exafifly it may tally with every phenomenon, itthdes. 
cannot be called an explanation of the phenomena ; be- 
caufe it is tne phenomena which explain the hypothe- 
fis, or give us the characters of the magnetic fluid, if 

fuch 
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to admit this 
true decyphe- fuch fluid exifts. But we are not obliged 

exiftence, as we admit that to be the _ 
rinff of a letter which makes fenfe of it. In that 
cafe we know both parts of the fubjeft—the charafters 
and the founds j but are ignorant which correfponds to 
which. Did we fee a fluid abftra&ed from one part 
of a bar and conttipated in another, and perceive the 
abftradtion and conftipation always accompanied by the 
obferved attradlions and repuHions, the rules of philo- 
fophical difeufiion, nay, the conflitution of our own 
mind, would oblige us to affign the one as the caute or 
occafion of the other. But this important circumftance 
is wanting in the prefent cafe. We think, however, 
that it merits a clofe attention ; and we entertain great 
hopes of it being one day completed, by including this 
fingle exception. 

/it the fame time, it muft be owned, that it gives no 
extenfion of knowledge ; for it can have no greater ex- 
tenlion than the phenomena on which it is founded, and 
cannot, without rifle of error, be applied to an untried 
cafe, of a kind diffimilar in its nature to the phenomena 
on which it is founded. We doubt not but that its in- 
genious author would have faid, that a bit broken off 
from the north pole of a magnet would be wholly a 
north pole, if he had not known that the fad was 
otherwife. 

But this hypothefis greatly aids the imagination m 
conceiving the procefs of the magnetical phenomena. 
The more we ftudy them, the more do they appear to 
refemble the protrufion of a fluid through the parts of 
an obftruaing body. It proceeds gradually. It may 
be, as it were, overdone, and regorges when the propel- 
ling caufe is removed. The motion is aided by what 
we know to aid other ohftru&ed motions. As a fluid 
would be conftipated in all protuberances, fo the facul- 
ty of producing the phenomena is greater in all inch ii- 
tuations, &c. &c. This, joined to the impofiibility of 
fpeaking, with clearnefs of conception, of the propaga- 
tion of powers without the protrufion of fomething in 
which they inhere, gives it a hold of the imagination 
which is not eafdy fliaken off. 

To fay that nothing is explained when the attrac- 
tion of the fluid is not explained, and that this is the 
main queftion, gives us little concern. We offer no ex- 
planation of this attra&ion, more than of the attraction 
of gravity. There is nothing contrary to the laws of 
human intellect, nothing inconfiftent writh the lules of 
reafoning, in faying, that things are fo conftituted, 
that when two particles are together, they feparate, 
although we are ignorant of the immediate caufe of 
their feparation. Thofe who think that ail motion is 
performed by impullion, and who explain magnetifm 
by a ftream of fluid circulating round the magnet, 
muft have another fluid to impel this fluid into its cur- 
vilineal path ; for they infift, that the planets are fo 
impelled. Then they muft have a third fluid to de- 
iledf the vertical motions of the fecond, and fo on with- 
out end. This is evident, and it is abfurd. But we 
have faid enough in the article Impulsion, Supp/. to 
fhew that all hypothefes framed on purpofe to explain ac- 
tion s dijlanti by impulfion are illogical; becaufe im- 
pulfion requires explanation as much as the other, and 
neither the one nor the other will ever be refolved into 
any thing but the fiat of the Allwife Author of the 
univerfe. 

T 1 S M. 
We conclude with defiring the reader to remark, that 87 

the explanation which we have given of the magnetical 
phenomena is independent of the hypothefis of -^pi*;g n^t a ^ 
nus, or any hypothefis whatever. We have narrated apothefis. 
variety of very diftinguxfhable faeffs, and have marked 
their diftin&ions. We have been able to reduce them 
to general clafles ; and even to groupe thofe claffes into 
others ftill more general; and at laft, to point out 
one which is difcoverable in them all. This is giving 
a philofophical theory, in the ftrideft fenfe of the word ; 
becaufe we fhew, in every cafe, the modification of 
the general fadt which allots it this or that particular 
place in the claflification. Thus we have (hewn that 
the polarity or directive power of magnets is only a mo. 
dification of the general fadl of attradtion and repulfion. 
Dr Gilbert’s theory of terrejlrial magnetifm is indeed a 
hypothefis, and we enounced it as fuch. It only claims 
probability, and we apprehend that a very high degree 
of credit will be given to it. 

We hope that many of our readers will have their 
curiofity excited by the account we have given of -ZEpi- 
nus’s theory. To fuch we eameftly recommend the ie- 
rious perufal of the book T'entcwien ’Theorhe Electrlcitls 
et Magnetifmi, Au£h F. JEpinoy Petropoli, 1759* . ^ aa 

Swinden lias included a very good abftradt of it in his 
2d volume Sur VEkaricit'ey written by profeffor Steig- 
lehner of Ratilbon or Ingolftadt. The mathematical 
part is greatly fimplified, and the whole is prefented in 
a very clear and accurate manner. Mr Van Swinden is 
a profefled foe to all hypothefes; but he is not mode- 
rate,' and we wiffi that we could fay that he is candid.^ 
He attacks every thing; and takes the opportunity of 
every analogy pointed out by jlipinus between magne- 
tifm and eledtricity to repeat the firft fentence of his 
differtation, namely, that magnetifm and eledlricity are 
not the fame ; a thing that .dSpinus alfo maintains. But 
he even charges JEpiuus with a miftake 111 his funda- 
mental equations, which invalidates lus whole theory. 
He fays that iEpinus has omitted one cf the afting 
forces aflumed in his hypothefis. This is a moft ground- 
lefs charge ; and we own that we cannot conceive how 
Van Swinden could fall into fuch a miftake. We are 
unwilling to call it intentional, for the mere purpofe of 
railing a man of ftraw to knock him down again. 
Abbe Haiiy of the French Acdemy has alfo pubhfhed 
an abridgment of ./Epinus’s theory, with many excellent 
remarks, tending to clear the theory of the only defect 
that has been found in it. This work was much ap- 
proved of, and recommended by the Academy. We 
have not had the good fortune to fee a copy of it. ^ I 

The reader cannot but have remarked the clofe analo-^^JJ 
gy between the magnetical phenomena and thofe of indu-an(i elcdi 
ced electricity ; indeed, all the phenomena of attraction city, 
and repulfion are the fame in both. Fhe mechanical 
compolition of thofe actions produces a directive power 
and a polarity, in eledtrical as well as in magnetical bo- 
dies. We can make an eledtrical needle which will ar- 
range itfelf, with refpedt to the overcharged and under- 
charged ends of a body eledtrified by mere pofition, juft 
as a compafs needle is arranged by a magnet. We can 
touch a itick of fealing wax in the manner of the double 
touch, fo as to give it poles of confiderable force and 
durability. As a red hot fteel bar acquires permanent 
poles by quenching it near a magnet, fo melted wax 
acquires them by freezing in the neighbourhood of a 

pofitive 
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pofitive and negative ele&ric. Some have inferred a 
famenefs of origin of thefe two fpecies of powers from 
thofe various circumftances of' refemblance ; but the 
original caufes feem to be dillin£t on many accounts. 
Eledln'city is common to all bodies. The caufe of 
magnetifm can operate only on iron. Although light- 
ning or an eleftrical (hock gives polarity to a needle, 
we need not infer the identity of the caufe, becaufe the 
polarity which it gives is always the fame with that gi- 
ven by great heat ; and there is always intenfe heat in 
this operation. The phenomenon which looks the moil 
like an indication of identity of the origin of eledlricity 
and magnetifm is the direction of the rays of the aurora 
borealis—they converge to the fame point of the hea- 
vens to which the elevated pole of the dipping needle 
diredls itfelf. But this is by no means a fufficient foun- 
dation for eftablifhing a famenefs. Eledlricity and 
magnetifm may, however, be related by means of fome 
powers hitherto unknown. But we are decidedly of 
opinon, that the eleftric and magnetic fluid are totally 
different, although their mechanical adfions are fo like 
that there is hardly a phenomenon in the one which has 
not an exact counterpart in the other. But we fee 
them both operating, with all their marks of diftinc- 
tion, in the fame body ; for iron and loadftones may be 
eleftrified,, like any other body, and their magnetifm 
fuffers no change of modification. We can fet thefe 
two forces in oppofition or compofition, jufl as we can 
oppofe or compound gravity with either. While the 

• iron filings are arranging themfelves round a magnet, 
the mechanical adlion of eledlricity may be employed 
either to promote or hinder the arrangement. They are 
therefore diftindl powers, inherent in different fubjedls. 

89 But there are abundance of other phenomena which 
ot® how fhew this diverfity. There is nothing in magnetifm like 
ver,effecftsa hody overcharged or undercharged in toto. There is 
f the fame nothing which indicates the prefence of the fluid to the 
aafe. other fenfes—nothing like the fpark, the fnap, the vi- 

fible diffipation ; becaufe the magnetic fluid enters into 
no union with air, or any thing but iron. There is no- 
thing refembling that inconceivably rapid motion which 
we fee in eledlricity ; the quickefl motion of magnetifm 
feems inferior (even beyond comparifon) with the flow- 
ed: motion along any electric conductor. Therefore 
there is no poflibility of difcharging a magnet as we 
difchargc a coated plate. Indeed, the refemblance be- 
tween a magnet and a coated plate of glafs is exceed- 
ingly flight. The only refemblance is between the 
magnet and an inconceivably thin flratum of the glafs, 
which ftratum is pofitive in one fide and negative in the 
other. The only perfect refemblance is between the 
induced magnetifm of common iron,- and the induced 
eleCtricity of a conductor. 

The following- feem the molt inftruCtive differtations 
on magnetifm, either as valuable collections of obferva- 
tions, or as judicious reafonings from them, or as the 
fpeculations of eminent or ingenious men concerning 
the nature of magnetifm. 

Gilbertus de Magnete, Lond. i 600, fob 
iEpini Tentamen Theorise Magn. et EleCtr. 
Eberhard’s Tentam. Theor. Magnetifmi, 1720. 
Diflertations fur Baimant, par du Fay, 1728. 
Mufchenbroek Diflert. Phyfico Experimentalis de 

Magnete. 
Pieces qui ont emporte le prix de PAcad. des Sciences 

Suppl. Vol. II. Part I. 
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a Paris fur la meilleure conilruCtion des BouiToles de de- 
clination. Recueil des pieces courounees, tom. v. 

Euleri opufcula, tom Hi. continens Theoriam Magne- 
tis, Berlin, 1751. 

Atpini Oratio Academica, 1758. 
jEpini item Comment. Petrop. nov. tom. x. 
Anton. Brugmanni tentam. Phil, de materia Magne- 

tica, Francquerae, 1 765. 
There is a German tranflation of this work by Eifen- 

bach, with many very valuable additions. 
Scarella de Magnete, 2 tom. fol. 
Van Swinden Tentamina Magnetica, qto. 
Van Swinden fur PAnalogic entre les phenomenes 

EleCtriques et Magnetiques, 3 tom. 8vo. 
Diflertation fur les Aimans artificielles par An- 

theaume. 
Experiences fur les Aimans artificielles par Nicholas, 

Fus, 1782. 
Eflai fur POrigine des Forces Magnetiques par Mr 

Prevolt. 
Sur les Aimans artificielles par Rivoir, Paris 1752. 
Diflertatio de Magnetifmo par Sam. Klingenflier et 

Jo. Brander, Holm, 1752. 
Defcription des Courants Magnetiques, Strafbourg, 

I753-, v 
Traite de 1’Aiman par Dalance, Amft. 1687. 
Befides thefe original works, we have feveral diflerta- 

tions on magnetical vortices by Des Cartes, Bernoulli, 
Euler, Du Tour, Sic. publifhed in the colledtions of the 
works of thole authors, and many diflertations in the 
memoirs of different academies ; and there are many 
popular treatifes by the traders in experimental philo- 
fophy in London and Paris. Dr Gown Knight, the 
perfon in Europe who was molt eminently {killed in the 
knowledge of the phenomena, alfo publifhed a diflerta- 
tion intitled, yin attempt to explain the Phenomena of 
Nature hy two principles. Attraction and Repuljion, Lond. 
1748, qto, in which he has included a theory of mag- 
netifm. It is a very curious work, and fhould be flu- 
died by all thofe who have recourfe without fcruple to 
the agency of invifible fluids, when they are tired of pa- 
tient thinking. They would there foe what thought 
and combination are neceffary before an invifible fluid 
can be really fitted for performing any office we choofe 
to affign it. And they will get real initrudlion as to 
what fervices we may expeCl of fuch agents, and from 
what talks they mufl be excluded. The Dodor’s theory 
of magnetifm is very unlike the reil of the performance ; 
for he does not avail himfelf of the vafl apparatus of 
propolitions which he had eftablifhed, and adopts with- 
out any nice adjullment the moll common notions of 
an impullive vortex. Both the production.and mainte- 
nance of this vortex, and its mode of operation, are ir- 
reconcileable with the acknowledged laws of impulfion. 

Si quid novijii reclius ijiis, Candidas imperii—Ji non— 
his lit ere mecurn. 

APPENDIX. 

We have been favoured with the following invefliga- fnveftiga- 
tion of the curves, to which a needle of indefinite minute- tion of the 
nefswill be a tangent, by Mr Playfair, Profeflbr of Ma-magne^c 

thematics in the Univerfity of Edinburgh. cmve. 
U Two 
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Two xnagnetical poles being given in petition, the 
force of each of which is fuppofed to be as the wth 
power of the diftance from it reciprocally, it is required 
to find a curve, in any point of which a needle (indefi- 
nitely fhort) being placed, its diredlion, when at reft, 
may be a tangent to the curve ? 

1. Let A and B (fig. 35.) be the poles of a magnet, 
C any point in the curve required ; then we may fup- 
pofe the one of thefe poles to aft on the needle only by 
repullion, and the other only by attradfion, and the di- 
redfion of the needle, when at reft, will be the diagonal 
of a parallelogram, the tides of which reprefent thefe 
forces. Therefore, having joined AC and BC, let AD 

be drawn parallel to BC, and make : : 

: AD ; join CD, then CDF will touch the curve in C. 
2. Hence an expreffion for AF may be obtained. 

ACOT+S 

, and tince BC For, by the conftrudtion, AD = 

: AD :: BF : FA, and BC — AD : AD 

we have AF = 

AB : AF, 
AB X ACm+' 

BCW+' — AC"^1 

3. A fluxionary expreffion for AF may alfo be found 
in terms of the angles CAB, ABC. In CF take the 
indefinitely fmall part CH, draw AH, BH, and from 
C draw CL perpendicular to AH, and CK to BH. 
Draw alfo BC and AM at right angles to FH. Let 
the angles CAB =: f, and CBA — 'P ; then CAH 
— » and CBH = — vj,; alfo CL z= AC X <p, and CK 
= — BC X 4,. Now HC : CL : : AC : AM = 
AC’X* , „ , „ , BCSX^ 
 and f°r t'16 ^ame realon -bC = — — 

Therefore fince AF : FB : : AM : BC, AF : FB : : 
AC2X<p BC XX , at an r • 

: — HC 5 an(^ vf' ? • ,*— 

fin. — fin. wherefore if AB = a, AF = 
— a ? fin. ^ 

The firft of the above equations belongs to a fegment 
of a circle deferibed upon AB, which therefore would 
be the curve required if the magnetical force were iu- 
verfely as the diftances. 

If the magnetical force be inverfely as the fquare of 
the diftance, that is, if »z = 2, cof. ^ + cof. ^ is equal 
to a conftant quantity. Hence if, befide the points A 
and B, any other point be given in the curve, the 
whole may be deferibed. For inftance, let the point 
E (fig 36.) be given in the curve, and in the line DE 
which bifedts AB at right angles. Defcribe from the 
centre A a circle through E, viz. QJLR ; then AD 
being the cofine of DAE to the radius AE, the fum oi 
the cofines of X 4. will be everywhere (to the fame ra- 
dius) =1 2 AD = AB. Therefore to find E', the point 
in which any other line AN, making a given angle with 
AB, meets the curve, draw from N, the point in which 
it meets the circumference of the circle QER, NO, per- 
pendicular to AB, fo that AO may be the cofine of 
NAO, and from O toward A take OP zr AB, then AP 
will be the cofine of the angle ABE' ; fo to find BE', 
draw PQ_perpendicular to AP, meeting the circle in 
Qj join AQ_, and draw BE' parallel to AQ_, meeting 
AE' in E', the point E' is in the curve. In this way 
the other points of the curve may be found. 

The curve will pafs through B, and will cut AB at 
an angle of which the cofine RB. If then E be fuch, 
that AE = AB, the curve will cut AB at right angles. 
If E" be more remote from A, the curve wall make 
with AB an obtufe angle toward D ; in other cafes it 
will make with it an acute angle. 

A conftrudlion fomewhat more expeditious may be 
had by deferibing the femicircle AFB, cutting AE in 
F, and AE' in N, and deferibing a circle round A, with 
the diftance AL = 2 AF, cutting, AE' in 6 If AG 
be applied in the femicircle AFB = N AG muft cut 
AN in a point E' of the curve, becaufe AN + BG = 
2 AF, and AN and GB are colines of the angles at A 

q, fin. ? fin.^ 
4. If this value of AF be put equal to that already 

found, a fluxionary equation will be obtained, by the 
integration of which the curve may be conftrucl- 

AB X AC'”+’ , „ 
ed. Becaufe AF = -r;—^r; r—? and fince 

AC = 
a fin. 4 

fin ( ? + 4 )’ 

B e'»+‘ — A 

and BC = 

W -pi 
a fin. 

a, 
have by fubftitution AF = £—— 

a v fin. 4* 

fin. ( ? + 4 )’ 
4'' 

4 fin. f2-j- ? 

fin. 4m+1 “ 

r . Hence, fin. a* X 4 fin. 4’7!+:i 4- fin.42 ’ V 'Y I 
f fin. 4,;I+5 = — fin. X fin. ^ ^ fin. 4w4'3, 
and therefore 4 fin. 4m_"1 — <p fin. ?>

m~1 ; and alfo, 
f 4 fin. 4m — I Ar j $ fin. ^ m~ 1 = C. 

3. Thefe fluents are eafily found when m is any 
whole pofitive number. 

If ?« r= 1, we have 4 4- ^ = 0 
m — 2, 
m — 3, 
m — 4, 

Alfo if =r 1, 
m — 
w = 3, 
fw = 4, 

<) cof. 4 =: C, &c. &c 

4 fin. 4 Hr 9 fin. 0 
4 fin. 41+ 9 fin. ^ = 0 
4 fin. 43pfin. <pS =: 0 

Therefore, &c. 
<p 4- — C 
cof. <p 4- cof. 4 == C 

— fin. 4-ap— fin.34 4- 24— 
cof. 2,<f — 9 cof. f 4- cof. 34 — 

and B. 
As the lines AN and ‘BG may be applied either a- 

bove or below AB, there is another lituation of their 
interfe&ion E'. Thus An being applied above, and 
B g below, the interfefrion is in A The curve has a 
branch extending below A; and if D e be made = DE, 
and B e be drawn, it will be an aflymptote to this 
branch. There is a fimilar branch below B. But thefe 
portions of the curve evidently fuppofe an oppofite di- 
rection of one of the two magnetic forces, and there- 
fore have no connection with the pofition of the needle. 

We omitted the inferting in its proper place, n° 65. Addition 
a hypothefis of the celebrated aftronomer Tobias Mayer a0 65. 
of Gottingen, by which the dire&ion of the mariner’s 
needle in all parts of the earth may be determined. He 
fuppofes that the earth contains a very powerful magnet 
of inconfiderable dimenfions, which arranges the needle 
according to the known laws of magnetifm. The centre 
of this magnet was diftant from the centre of the earth 
about 480 Englifti miles in 1756, and a line joining 
thefe centres interfered the earth’s furface in a point 
fituated in 170 N. Lat. and 183° E. Long, from Lon- 
don. The axis of the magnet is perpedicular to this 
line, and the plane in which it lies is inclined about 1 
to the plane of the meridian, the north end of the axis 
lying on the eaft fide of that meridian. From thefe data, 
it will be found that the axis of this magnet cuts the 

furface 
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furfaee of the earth about the middle of the eaftern fhore 
of Baffin’s Bay, and in another point about 8oo miles 
S.S.W. of the fouthern point of New Zealand, Pro- 
feffor Lichtenberg of Gottingen, who gives this extraft 
from the manufcript, fays, that the hypothefis is accom- 
panied by a confiderable lid of variations and dips cal- 
culated by it, and compared with obfervations, and that 
the agreement is very remarkable. He gives indeed a 
dozen indances in very different regions of the earth. 
But we fufpedl that there is fome error or defedl in the 
data given by him, becaufe the annual changes, which 
he alio gives, are fuch as are inconfilfent with the data, 
and even with each other. He fays, that the didance 
from the centre increafes about four miles annually, and 
that thence arifes an annual diminution of 8 minutes in 
the latitude and 14 in the longitude of that point where 
the llraight line joining the centres meets the furface. 
It can have no fuch confequ^nce. Pie fays alfo, that 
the above mentioned inclination of the planes increafes 
8 minutes annually. The compound force of the mag- 
net is faid to be as the fquare root of the didance in- 
verfely. We are at a lofs to underdand the meaning of 
this circumdance ; becaufe Mayer’s hypothefis concern- 
ing the law of magnetic a&ion is exceedingly different, 
as related by Mr Lichtenberg from the fame manufcript. 
But it was our duty to communicate this notice, though 
imperfeft, of the fpeculations of this celebrated mathe- 
matician. See Exliberi’s Elem. of Nat. Phil, publifhed 
by Lichtenberg 1784, p. 645. 

. Addition to t\° 64. 
>64.° -^et HZOF (fig. 37.) be the plane of a magnetic 
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meridian, H n'O the plane of the horizon, and NS the 
pofition of the magnetic needle in any place, when it is 
at liberty to fettle in the true magnetic diredtion. The 
angle HON is the inclination or dip of the needle. Let 
Z n F be a vertical circle, in which a well condru&ed 
dipping needle can freely play up and down. This 
needle cannot place itielf in the magnetic diredlion, be- 
caufe it can only move in a vertical plane. Its north 
point is impelled in the diredtion n 0, and its fouth 
point in the dire&ion s/>, both of which are parallel to 
NS. By the laws of mechanical equilibrium, it cannot 
red, except in fuch a pofition that the forces n 0 and j p 
are in a plane perpendicular to the plane Z w F. In 
any other pofition, there would be a force impelling the 
needle toward that fide on which n 0 makes an acute 
angle with the tangent r « / of the vertical circle. 
Therefore the fpherical triangle N « F is right angled 
in », and Cof. NF « : R ~ Tan. « F : Tan. NF, = 
Tan. HN : Tan. n n. Therefore 

Tan. HN 
T. an. n n — CoTHn/’ ^,ar1, FIN X Sec. H 7/. 

Therefore, in any place, the real inclination of the mag- 
netical diredlion to the horizon is different from what 
is pointed out by a dipping needle when it is in a plane 
which declines from the magnetic meridizn ; and the 
tangent of the obferved dip of the needle exceeds that 
of the inclination of the magnetic diredlion in the pro- 
portion of radius to the cofine of the deviation HC n>, 
or the proportion of the fecant of this angle to the ra- 
dius. If therefore the dipping needle play in a mag- 
netic ead and wed circle, it will dand perpendicular to 
the horizon. 

M A L 
Male- MALESHERBES (Chridian William de Lamoig- 

flierbe?. non) was born December the 6th 1721. At tho age 
—  of 24 he became a ccunfellor of Parliament, and fix 

years afterwards chief prefident- of the cour des aides. 
Fie remained in that important fituation during a pe- 
riod of 25 years, and difplayed on many oceafions 
proofs of firmnefs, eloquence, and wifdom. 

When the prince of Conde was fent by the king in 
1768 to filence the magistrates who oppofed the taxes, 
Malefherbes replied to him, “ Truth, Sir, mud indeed 
be formidable, fince fo many efforts are made to prevent 
its approach to the throne.” About the fame time that 
he became prefident of the cour des aides, lie w^as ap- 
pointed by his father, then chancellor of France, fuper- 
intendant of the prefs ; an office of the greated import- 
ance, of which the principles which Maledierbes had im- 
bibed from D’Alembert rendered him very ill qualified 
to difcharge the duties. He was what the French call- 
ed a philofopher ; a term with them of the fame import 
with a naturalid, who openly denies revealed religion, 
and has no adequate notions of the moral attributes of 
God. The confequence was, that wdien the authors of 
impious and immoral books were brought before him in 
his official capacity to undergo examination, he appear- 
ed to them as advifing, affiding, and protefting them, 
againd that very power which wTas veffed in himfelf; 
and they were commonly difmiffed with the fenfelefs 
obfervation, that all books of whatever tendency ffiould 
be confidered merely as objeds of commerce. Had it not 

M A L 
been for the protecting influence of Maleflierbes, the Male- 
Encyclopedie, of which the publication was frequently 
fufpended (fee Diderot in this Supplement}, would pro- ^ 
bably have been altogether fuppreffed ; and the works 
of Rondeau and Raynal, which lo powerfully contribu- 
ted to that revolution in which he was overwhelmed, 
would certainly not have fpread fo rapidly over the 
kingdom of France. It was he, faid D’Alembert, who 
broke the Jhachles of literalure. 

In vain will it be replied, that he left the fame liber- 
ty to the religious as to the impious writers ; for that 
was not always dn'Ctly true. The Abbe Barruel has 
brought the tedimony of D’Alembert himfelf to prove, 
that it w^as much againd his will that Maleflierbes fuf- 
fered works refuting the fophiders to appear ; and, as 
he very properly obferves, what a minider allows with 
reluClance, he finds abundant means of preventing. 

In 1775 lie refigned the office of chief prefident of 
the cour des aides, and was appointed minider and fe- 
cretary of date in the place of La Vrilliere. Thus 
placed in the centre of a frivolous yet brilliant court, 
Maleflierbes did not in the lead deviate from his former 
fimplicity of life and manners ; but, defpifing the e- 
dabliflied etiquette which required magidrates, when 
they became miniders of date, to exchange their fable 
habit and head-drefs for a coloured fuit, bag-wig, 
and fword, he retained his black coat and magiffe- 
rial peruke! This is recorded by a panegyrid to his 
honour j but we perceive not the honour which it 

U 2 refleCts 
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Tt furelv requires no great powers of work, the plan of which he had already laid down, when ' • ’ • 1— —affairs growing too difficult to be managed by thofe 
who held the reigns of government, they were compelled 

> their councils. They did not, however, 

refle&s on him.  ; 
abftraction to difcover, that a coloured coa^, bag-wig, 

J and fvvord, are not in themfelves more frivolous or 
contrary to nature, than a blhck coat and enormous pe- 
ruke ; and if the manners of a country have appropria- 
ted thefe different dreffes to different ftations in life, the 
individual muff be. aduated by a very abfurd kind of 
pride, who lets up his own caprice againft the public 
opinion. . . 

As, when invefted with the power to reltrain within 
juft limits the freedom of the prefs, it was his chief aim 
to encourage and extend that freedom ; fo, when raifed 
to an office which gave him the unlimited power of il- 
fuing lettres de cachet, it was their total fuppreffion that 
became the earlieft objeft of his moft ardent zeal. Till 
that time lettrec de cachet, being confidered as a part or 
the general police, as well as of the royal prerogative, 
were" iffued not only at the will of the minifter, but 
even at the pleafure of a common clerk, or perfons (till 
more infignificant. Maleflierbes began by relinquiffiing 
himfelf this abfurd and iniquitous privilege. He dele- 
gated the right to a kind of tribunal, compofed of the 
fnoft upright1 magiftratos, whofe opinion was to be un- 
animous, and founded upon open and well eftabiifhed 
fails. Fie had but one more objeil to attain, and that 
was to fubftitute a legal tribunal in the place of that 
which he had eftabiifhed ; and this objed he was upon 
the point of accomplifhing, when the intrigues of the 
court procured the difmiffion of Turgot; andMalefher- 
bes, in cbnfequence, rehgned on the 12th of^ May 
jo-76. For this part of his conduft he is intitled to 
praife, which we fed not ourfelves inclined to with- 
hold from his memory. Even M. Barruel admits, that 
he had many moral virtues, and that he difplayed real 
benevolence when alleviating the rigours of imprifon- 
ment, and remedying the abufe of lettres de cachet i but 
France, fays he, (hall neverthelefs demand of him her 
temples that have been deftroyed ; for it was he who, 
above all other minifters, abufed his authority to efta- 
blirti in that kingdom the reign of impiety. 

After this epoch he undertook feveral journeys into 
different parts of France, Holland, and Switzerland, 
where he colieded with zeal and tafte objeds of every 
kind interefting to arts and fciences. As he travelled 
with the limplicity and economy of a man of letters, 
who had emerged" from obfcutity for the puipofe of 
making obfervations and acquiring knowledge, he by 
that means was enabled to referve his fortune for im- 
portant occafions, in which it might procure him in- 
formation on interefting fubjeds. He travelled flowl}, 
and frequently on foot, that his obfervations might be 
the more minute ; and employed part of his time in 
fuitably arranging them. Thefe obfervations formed a 
valuable colledion of interefting matter relative to the 
arts and fciences, but which has been almoft totally de- 
ftroyed by the fury of revolutionifts, who have done as 
much prejudice to the interefts of fcience as of huma- 
nity. 

Returning from his travels, Maleflierbes for feveral 
years enjoyed a philofophic leifure, which he well knew 
how to aired to ufeful and important objeds. The 
two treatifes which he compofed in the years 17^5 anc^ 
1786 on the civil ftate of the proteftants in France are 
well known. The law which he propofed in thefe, was 
only preparatory to a more extenfive reform ; and thefe 
treatifes were to bave been followed up by another 

Male. 
fherbes. 

to call him to   — 
aflign him the diredion of any department, and intro- 
duced him merely (as fubfeqUent events have (hewn) to 
cover their tranfadions under a popular name, and pals 
them on the world as ads in which he had taken part. 
Maleflierbes accepted their overtures merely to latisfy 
the defire he felt to reveal fome ufeful truths ; but it 
was not for that purpofe that they had invited him to 
their councils. Thole who prefided at them took um- 
brage at his firft efforts to call their attention to the 
voice of truth and wifdom ; and fucceeded fo well in 
their oppofition, that he was reduced to the neceffity of 
delivering in writing the countel which he wiihed to of- 
fer. Such was the origin of two treatifes relative to 
the calamities of France, and the means of repairing 
them. He tranfmitted thefe treatifes to the king, who 
never read them ; nor was he ever able to obtain a pri- 
vate audience although a minifter of ftate. 

Such is the account of his laft condud in office 
which is given by his friends ; and as we have not read 
his treatifes on the calamities of France, we have no 
right to controvert it. From his known principles, 
however, we are intitled to conclude, that his plans of 
reformation were fimilar to thofe of Neckar, the off- 
fpring rather of a head teeming with vifionary theories, 
than of the enlightened mind of a pradical ftateiman, 
or the corrupt heart of a Jacobin confpirator. 

Perceiving the iimtility of his endeavours, difgufted 
with what he thought the repeated errors of the go- 
vernment, and deprived of every means of expoling 
them, or preventing their fatal effcds ; alter frequent 
felicitations, he at length obtained leave to retire. He 
repaired to his eftate at Malefherbes, and trom that mo- 
ment entirely devoted his time to thofe occupations 
that had ever formed the chief pleafure of his lite. He 
paff the evenings and a great part of the night in 
reading and ftudy. 

In this tranquil ftate he was palling the evening of 
his days atnidft his woods and lields, when the horrors 
of the Revolution brought him again to Paris. During 
the whole of its progrefs, he had his eyes conftantly fix- 
ed on his unhappy fovereign, and, fubduing his natural 
fondnefs of retirement, went regularly to court every 
Sunday, to give him proofs of his refped and attach- 
ment. ' He impofed it as a duty on himfelf to give the 
minifters regular information of the defigns ol the regi- 
cide fadlion * ; and when it was determined to bring * Bertrand 
the king to trial, he voluntarily offered to be the de-^^'t^ 
fender of his mafter, in his memorable letter of the 1 
of December 1792, that eternal monument of his loy- 
alty and affe&ion. His offer was accepted ; and he 
pleaded the caufe of the monarch with a llrength of ar- 
gument that nothing could have relifted but the blood- 
thirfty minds of a den of Jacobins. “ What French- 
man (fays a valuable writer), what virtuous man of any 
country, can never forget that affe&ing feene, when the 
refpeiftable old man, penetrating, for the firft time, in- 
to the prifon of the Temple, melted into tears, on find- 
ing himfelf prefied in the arms of his king ; and that 
ftill more affe&ing feene, when, entrufted with the moft 
agonizing commiffion that a lubjedft could poliibly have 
to his fovereign, he threw himfelf at the feet of the in- 
nocent vitftim, while, fuffocated with his fobs, his voice, till 
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till re-animated by the courage of the virtqous Louis, 
was inadequateto announce the fatalfentence of death*.” 

Having difcharged this painful and Hazardous duty 
he once more returned to his country refidence, and re- 
fumed his tranquil courfe of life. But this tranquillity 
was of fhort duration. About a twelvemonth afterwards, 
in the month of December 1793, three worthy members 
of the Revolutionary Committee of Paris came to re- 
fide with him, his fon-in-law, and his daughter, and ap- 
prehended the two latter as criminals. Left alone with 
his grandchildren, Maleihefbes endeavoured to confole 
the reft of his unfortunate family with the hopes which 
he himfelf was far from entertaining, when, the next day, 
the new formed guards arrived to apprehend him, and 
the whole of his family, even the youngeft infants. This 
circumftance fpread a general confternation throughout 
the whole department; for there was hardly a man in 
France, a few ex-jefuits excepted, who did not revere 
the mild virtues of the laft friend of the unfortunate king. 

In this calamity Malefherbes preferved the undifturb- 
ed equanimity of virtue. His affability and good hu- 
mour never forfook him, and his converfation was as 
ufual ; fo that to have beheld him (without noticing his 
wretched guards), it feemed that he was travelling for 
his pleafure with his neighbours and friends. He was 
conduced the fame night to the prifon of the Madelo- 
nette with his grandfon Louis Lepelletier, at the fame 
time that his other grandchildren were feparated into 
different prifons. This feparation proving extremely 
affli&ing to him, he earneftly folicited againft it ; and at 
length, on his repeated entreaties, they all met together 
once more at PorpLibre. They remained there but a 
fhort period. The fon-in-law of Malefherbes, the vir- 
tuous Lepelletier Rafambo, the firft of them who was 
arrefted, was ordered into another prifon, and facrificed 
a few days after. Malefherbes himfelf, his daughter, 
his grand-daughter, and her hufband, were foon arter 
all brought to the guillotine. They approached it 
with fortitude and ferenity. It was then that his 
daughter addreffed thefe pathetic words to Mademoi- 
fellc Sombreuil, who had faved the life of her own fa- 
ther on the 2d of September : “ You have had the ex- 
alted honour to preferve your father — 1 have, at leaft, 
the confolation ter die with mine” ‘ 

Malefherbes, ftill the fame, even to hip hft moments 
exhibited to his relations an example of fortitude, tie 
converfed with the perfons that were near him without 
beftowing the leaft attention on the brutalities of the 
wretches who tied his hands. As he was leaving the 
prifon to afeend the fatal cart, he fturabled agamft a 
ftone, and made a falfe ftep. “ See (laid he fmiling), 
how bad an omen ! A Roman in my fituation would 
have been lent back again.” He palled through Paris, 
afeended the fcaffold, and fubmitted to death with the 
fame unfhaken courage He died at the age ox 72 
years, 4 months, and 1 ^ days. He had only, two 
daughters ; and the fon of one of them alone remains to 
fucceed. From this account of Malefherbes’s behaviour 
at his laft moments, we are inclined to believe that his 
intentions were better than fome parts of his praciical 
conduct ; and we know, that having difpelled the vam 
illufions of philofophitm, he acknowledged his paft er- 
rors ; exclaiming, in the accents of grief, “ 1 hat lalle 
phiiolophy (to which I confefs I was myfelf a dupe) 

has plunged us into the gulph of deftruftion, and, by 
an inconceivable magic, has fafeinated the eyes of the 
nation, and made us facrifice reality to a mere phantom. 
For the fun pie words political liberty, France has loft 
that facial freedom which fhe poffeffed in every refpedf, 
in a higher degree, than any other nation ! How truly 
great did the king appear in his laft moments ! All 
their efforts to degrade him were vain ; his unfhaken 
virtue triumphed over their wickednefs. It is true, 
then, that religion alone transfufes fuflicient courage in- 
to the mind of man, to enable him to fupport, with lo 
much dignity, Inch dreadful trials f.” 

MALGUZZARY, in the language of Bengal, pay- 
ment of revenue ; the revenue itfelf. 

MALPHAGHINO (John), otherwife called John 
de Ravenna, from the place of his birth, was born in the 
year 1352, of a family diftinguifhed neither by riches 
nor nobility. His father, however, committed him to 
the care of Donatus the grammarian, an intimate friend 
of Petrarch, who at that time taught the Latin tongue 
with great applaufe at Venice. Donatus thought he 
difeovered fuch happy difpoiitions in young Malphaghi- 
no, that he recommended him to Petrach, not only as an 
excellent affiftant to facilitate his labours, by reading or 
tranferibing for him, hut as a youth of the moft pro- 
mifing talents, and worthy of being formed under the 
infpe&ion of the greateft man of the fourteenth century. 

It appears from fome of Petrarch’s letters, for it is 
from thefe chiefly we can obtain information refpe&ing 
John de Ravenna, that he fully anfwered the expedi- 
tions formed of him ; and that he even gained the fa- 
vour and affedion of his patron fo much, that he loved 
him and treated him as if he had been his own fon. In 
a letter to John de Certaldo (a), Petrarch highly ex- 
tols him, not only for his genius and talents, but alto 
for his prudent and virtuous condud. “ He pofleffea 
(fays he) what is very rare in our times, a great turn 
for poetry, and a noble defire to become acquainted 
with every ufeful and ornamental part of knowledge. 
He is favoured by the Mutes, and already attempts 
verfes of his own ; from which one can foretel, that, it 
his life be fpared, and if he goes on as. hitherto, fome- 
thing great may be expeded from him.” 

Not long, however, after this panegyric was written, 
young Malphaghino conceived an inluperabie defire to 
fee the world ; and, notwithftaoding ail Petrarch’s re- 
monftrances, perfifted in his refolution of quitting him. 
Petrarch’s paternal care and regard for. his pupil appear, 
on this occafion, in the moft favourable light, as may be 
feen in his letters to Donatus ; and his whole behaviour, 
though the young man infilled on leaving him, without 
affigning a f'ufficient reafon for, bis precipitate and un- 
grateful condud, does as much honour to his head a^to 
his heart, , 

Ihe precipitation with which John de Ravenna car- 
ried his plan into execution was not likely to make it 
anfwer his expedations. He departed without taking 
with him letters of recommendation which Petrarch ut- 
fered him to his friends. Fie, however, purfued his 
journey over the Appenines, amidft continual rain, gi- 
ving out that he had been difmifled by Petrarch ; but, 
though he experienced from many a compaffion to 
which he was not entitled by his condud, he now began 
to awaken from bis dream. He proceeded therefore to 

Pifa, 
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(a) Better known under the name of Boccaccio or Boccace. Certaldo was the place of his birth. 
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Plfa, in order to procure a vefiet to carry him back to- 

hmo Wards Pavia ; but being difappointed, while his money 
'1 v * wafted as much as his patience decreafed, he fuddenly 

refolved to travel back acrofs the Appenines. When 
he defcended into the Pigurian planes, he attempted 
to wade through a river in the diftrj&of Parma, which 
was much fwelled by the rains ; and being carried by 
the force of the dream into a whirlpool, he would have 
loft his life, had he not been faved by fome people who 
were accidentally paffmgAhat way. After etcapmg 
this danger, he arrived, pennylefs and famifiied, at the 
houfe of his former patron, who happened then not to 
be at home ; but he was received and kindly entertained 
by his iervants till their mafter returned. 

Petrarch, by bis intreaties and paternal admonitions, 
retained the young man at his houfe for about a year, 
and prevented him from engaging in any more romantic 
adventures ; but, at the end of that period, his defire 
for rambling again returned ; and as Petrarch found 
that all attempts to check him would be fruitlefs, he 
gave him letters of recommendation to two of his 
friends, Hugo de St Severino and Francifcus Brunus, 
at Rome. To the former of thefe, Petrarch fays, 

This youth of rare talents, but Hill a youth, after 
propofing to himfelf various plans, has at length embra- 
ced the nobleft ; and as he once travelled, he is now de- 
firous of doing fo again, in order to gratify his thirft of 
knowdedge. He has, in particular, a ftrong inclination 
for the Greek language ; and entertains a wifli which 
Cato firft conceived in his old age. This wiih I have 
endeavoured for fome years to fubdue ; fometimes by 
intreaties, at other times by admonition ; fometimes by 
rep re fen ting how much he is ftill deficient in the Ro- 
man language ; and fometimes by laying before him the 
difficulties which muft-attend him in his journey, efpe. 
cially as he once before left me, and by want was ob- 
liged to return. As long as that unfortunate excuriion 
was frefli in his memory be remained quiet, and gave 
me hopes that his reitlefs fpirit could he overcome and 
reftrained. But now, fince the remembrance of his 
misfortunes is almoft obliterated, he again fighs. after 
the world ; and can be retained neither by force nor 
perfuafion. Excited by a defire which betrays more 
ardour than prudence, he is refolved to leave his cqun- 
try, friends, and relations, his aged father, and me whom 
he loved as a father, and w-hofe company he preferred 
to a refidence at home, and to batten to you whom he 
knows only by name. This precipitation even has an 
appearance of prudence. The young man firft wifhed 
to vilit Conftantinople ; but when I told him that 
Greece, at prefent, is as poor as it was formerly rich in 
learning, he gave credit to my aflertion, and at any rate 
altered his plan, which he could not carry into execu- 
tion. He is now defirous of traverfing Calabria, and 
the whole coaft of Italy, diftinguifhed formerly by the 
name of Magna Grsecia, becaufe I once told him that 
there were in that quarter feveral men well fkilled in the 

UAL 
Greek language, particularly a monk, Barlaam, ami one Mdpfuj, 
Leo, or Leontius, with whom I was intimately acq-aaint- 1'Ul°- 
ed, and of whom the firft had been fome time my feho-1“"' 
lar. In confequence of this propofal, he begged me to 
give him a recommendatory letter to you, as you have 
confiderable influence in that part of the country. This 
requeft I granted, in hopes that the young man, by his 
genius and talents, will afford you fatisfaction equal to 
the fervice which you may render to him.” In his let- 
ter to Brunus, Petrarch expreffes himfelf as follows: 
‘‘ He is a young man who wifhes to fee the world as I 
formerly did ; but I never refled, on it without horror. 
He is defirous of feeing Rome ; and this defire I cannot 
condemn, as I myfelf have fo often vifited that city, and 
could ftill reviiit it with pleafure. I fuipett, however, 
that he will venture on a more extenfive ocean, and that 
he imagines to find a fortune where he will, perhaps, meet 
with a fhipwreck. At any rate, he is defirous, he fays, 
of putting his fortune to a trial. I wifh it may be fa- 
vourable ; fhould it be adverfe, he is ftill at liberty to 
return to my peaceful, though fmall, haven ; for 1 hang 
out a light during the day as well as the night, to 
guide thofe who quit me through youthful folly, and 
to enable them to find their way back. The ardour 
by which he is impelled muft not be aferibed fo much 
to him as to his age, and is in itfelf commendable. If 
I am not much deceived, the young man loves me and 
■virtue in general. He is unfteady, but modeft ; and de- 
ferves that all good men fhould contribute to his pro- 
fperity as far as they can.” 

From the letters of Petrarch, there is reafon to be- 
lieve, that John de Ravenna lived with him only about 
three years in all ; and that he had not attained to the 
full age of manhood when he left him. It appears alfo, 
for this circumftance is very obfeure, that after he quit- 
ted him, he wandered about a confiderable time before 
he was fo fortunate as to meet with a protestor and pa- 
tron, at whofe houfe, as he wrote to Petrarch, he at laft 
found a permanent afylum. How long he remained 
with his patron, whom fome believe to have been Car- 
dinal Philip, and what happened to him till the death 
of Petrarch in I374, and for fome years after, is un- 
known. The literary monuments of the fourteenth and 
fifteenth centuries fay nothing farther of him till his ap- 
pearance at Padua ; where, according to the teftimony 
of Sicco (u), one of the moft celebrated of his fcholars, 
he not only taught the Roman Eloquence, but alfo the 
fcience of moral philofophy, with fuch fuccefs and ap- 
plaufe, and improved his fcholars fo much by his life and 
example, that, according to univerfal opinion, he far ex- 
celled all the profeffors of thofe fciences who had ever 
before appeared. That he was here of confiderable fer- 
vice in reviving the ftudy of the Latin language, and of 
the works of the ancient Romans, was acknowledged by 
all his fcholars, and is confirmed by the following tefti- 
mony of Blondus (c). 

“ About the fame period, Ravenna produced that 
learned 

[ ]. 

(b) Adolefcens turn ego poetas, et inftituta Tullii audiebam. Legebat tunc hac in civitate Padua, literarum 
nutrice, Johannes Ravennas, vir et fandtimonia morum et ftudio ifto excellens, atque fi poteft fine invidia, dici ce- 
teris, qui magiftri artis hujus in terra Italia ufquam degerent et dodliffimi haberentur, quantum recordari videor, 
omnium judicio prseferendus. Hoc namque a prasceptore non eloquentia modo, quam ex ordine legerit, fed mores 
etiam, ac quasdam bene honefteque vivendi ratio cum dodtrina turn exemplis difeebatur.—Sicco Polentonus, Ap. 
Mehus, 1. c. p. 139. 

(c) Blondi Flavii Forlivienfis Italia illuftrata. Bas. 1559. fol. p. 346. 
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b ^phig- learned grammarian and rhetorician Johannes, of whom 
' hmo. Leonardus Aretinus ufed to fay, that he firit introdu- 
' ced into Italy, after a long period of barbarifm, the 

ftudy of the latin language and eloquence, now fo flou- 
rilhing ; a circumftance which deferves to be enlarged 
on in the prefent work. Thofe well acquainted with 
Roman literature know, that after the periods of Am- 
brofe, Jerom, and Auguftine, there were none, or very 
few, who wrote with any elegance, unlefs we add to 
thefe good writers, St Gregory, the venerable Beda, 
and St Bernard. Francis Petrarcha was the firft who, 

✓ with much genius, and Hill greater care, recalled from 
the du|t the true art of poetry and of eloquence. He 
did not attain to the flowers of Ciceronian eloquence, 
with which many are adorned in the prefent century ; 
but this was owing rather to a want of books than of 
talents. Though he boaited of having found at Ver- 
celli Cicero’s letters to Lcntulus, he was unacquainted 
with the books of that great Roman De Oratore, Qm’n- 
tilian’s Inftitutes, the Orotor, the Brutus, and other 
writings of Cicero. John de Ravenna was known to 
Petrarch both in his youth and in his old age. He 
was not more converiant with the ancients than Pe- 
trarch ; and, as far as I know, left no works behind 
him. By his excellent genius, however, and, as Leo- 
nardus Aretinus fays, by the particular difperfation of 
God, he was the preceptor of this Leonardus, of Pe- 
trus Paulus Vergerius, of Annebonus de Padua, of Ro- 
bert Roffi, of James Angeli of Florence, of Poggins 
and Guarino of Verona, of Viftorinus, Sicco, and other 
men of lefs note, whom he incited to the ftudy of bet- 
ter knowledge, and to imitate Cicero, if he could not 
form them or inftrmft them completely. 

“ About the fame time, Manuel Chryfoloras, a man 
as virtuous as learned, came from Conftantinople to Ita- 
ly, and inftrufted in the Greek language, partly at Ve- 
nice and partly at Florence and Rome, all the before 
mentioned fcholars of John de Ravenna. After he had 
continued this inftru£tion for fome years, thofe unac- 
quainted with the Greek language, and the ancient 
Greek writers, were contidered in Italy as more igno- 
rant than thofe unacquainted with the Latin. A great 
many young men and youths were inflamed with an en- 
thufxaftic delire for the works of the ancient Greeks 
and Romans. At the time of the council of Conftance, 
in the beginning of the 15th century, many of my 
countrymen endeavoured, by fearching the neighbour- 
ing convents and cities, to difcover fome of the Roman 
manufcripts which had been loft. Poggins firft difco- 
vered a complete copy of Quintilian, which was loon 
followed by the letters of Cicero to Atticus. As our 
youth applied to the ftudy of thefe works with the ut- 
moft diligence, that celebrated grammarian and rheto- 
rician Cafparnius de Bergamo, opened a fchool at Ve- 
nice, fuperior to the former, and in which young per- 
fons were encouraged to ftudy the ancient languages 
and writers. About the fame time flourifhed Petris PaiL- 
lus Vergerus, Leonardus Aretinus, Robert Roffi, James 
Angeli, Poggins, and Nicolaus de Medici, whom Aretin 
had long inftru&ed. Guarinus alfo had begun to 
inftruil many at Venice, and Vi&orinus at Mantua, 
when Phillip III. Duke of Milan, recalled Cafparinus 
as his fubjeft, from Venice to Padua and Milan. The 
increaiing ftudy of ancient literature wus much promo- 
ted by Gerard Landriano bifhop of Lodi, difcovering 
under fome ruins an old copy of Cicero, written in cha- 

ra&ers fcarcely legible, which, among other rhetorical Malphag. 
writings of that great Roman, contained the whole, ^int>' , 
books De Oratore, with his Brulis and Orator. This 
faved Cafparinus the trouble of fupplying the books of 
Cicero De Oratore, as he had attempted to fupply the 
works of Quintilian. As no one was found in all Mi- 
lan who could read this old manufcript of Cicero, an 
ingenious young man of Verona, named Cafmns, was 
fo fortunate as firft to tranfcribe the books De Oratoret 
and to fill all Italy with copies of a work which was 
univerfally fought for with the utmoft avidity, I my- 
felf, in my youth, when I went to Milan on the bufi- 
nefs of my native city, tranfcribed, with as much ar- 
dour as fpeed, the Brutus of Cicero, and fent copies of 
my tranfcription to Guarinus at Verona, and to Leo- 
nard Juftiniani at Venice ; by which means this work 
was foon difperled all over Italy. By thefe new works 
eloquence acquired new fire ; and hence it happens, that 
in our age people fpeak and write better than in the 
time of Petrarch. The ftudy of the Greek language, 
befides the abundance of new and ufeful knowledge 
which it difclofed, was attended with this great advan- 
tage, that many attempted to tranflate Greek works 
into Latin, and thereby improved their ftyle much more 
than they could have done without that practice. Af- 
ter this period, fchools for teaching the ancient langua- 
ges increafed in Italy, and flouriftied more and more. 
Moft cities had fchools of this kind; and it gives one 
pkafure to obferve, that the fcholars excelled their ma- 
ilers, not only when they left them, but even while they 
were under their tuition. Of the fcholars of John de 
Ravenna, two of the oldeft, Guarinas and Viftorinus, 
the former at Venice, and the latter at Mantua, Vero- 
na, Florence, and Ferrara, inilrufted an immenfe num- 
ber of pupils ; and among thefe, the Princes of Ferrara 
and Mantua. George of Trebifonde, when he ledlured 
at Rome, had for his auditors, befides Italians, many 
French, Spaniards, and Germans, among whom fome- 
times there were men of rank and eminence. Francif- 
cus Philelphus, who had been taught at Conftantinople 
by Chryfoloras himfelf, inilrucled a great many young 
men and youths in the Greek and Latin languages at 
Venice, Florence, Siena, Bologna, and, laft of all, at 
Milan.” In the above quotation, the {hare which John 
de Ravenna had in reviling and diffufing a knowledge, 
not only of the Roman, but alfo of the Grecian litera- 
ture, is fo clearly reprefented, that no farther teftimony 
is neceffary to eftablilh bis claim to celebrity. 

After John de Ravenna had taught at Padua, he re- 
moved for the like purpofe to Florence ; where, as ap- 
pears, he inftru&ed young people for fome time, with- 
out being expreftly invited by the government, and 
without being publicly paid for bis labours. In the 
beginning of his refidence at Florence, he feems to have 
been recommended by Colucius to the learned Charles 
de Malatefta. “ There lives here at prefent (fays Co- 
lucius, in one of his letters) a teacher of great merit, 
John de Ravenna.—He is (continues he)f of mature 
age ; irreproachable in his manners, and fo difpofed in 
general, that if you receive him, as I hope and wiih, 
among the number of your intimate friends, you will 
find him an agreeable and incomparable affiftajit to you 
in your labours and ftudies. What can be more defi- 
rable to you than to poflefs a man who will lucubrate 
and labour for you ? and who, in a ihort time, can com- 
municate to you what you could not obtain by your 

own 
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Malphag- own exertions without great difficulty. I do not know 

ri'r|’’ whether you will find his like in all Italy ; and I there- 
, fore with, that, if you confide in my judgment, you will 

receive John de Ravenna in the room of your late learn- 
ed friend James de Alegretti.” It is not known whe- 
ther John de Ravenna went to refide with Malatefta or 
not. It is, however, certain, that the former, in 1397 
(the fame year in which Manuel Chryfoloras came to 
Florence), was invited thither by the magiftrates of 
that city, with the promife of an annual falary, to in- 
flrudfc young people in the Roman language and elo- 
quence ; that John de Ravenna, at the period when he 
entered into this honourable engagement, was 45 years 
of age ; and that the fcholars of John de Ravenna were, 
at the fame time, fcholars of Chyfoloras. Saluratus 
Colucius, in all probability, was the caufe of this invita- 
tion, as he was acquainted with the fervices of John 
de Ravenna, and knew how to appreciate them. “ We 
know (fays he), in one of his letters to Johnde Raven- 
na's, and all who refpedt you know alfo, that none of 
the moderns, or even ancients, approached fo near to 
Cicero as you ; and that to the moft wonderful beauty 
and powers of fpeech, you join the deepeft knowledge.” 
John de Ravenna, like Chryffioloras, and molt of the 
teachers of the Greek and Roman languages in the be- 
ginning of the fifteenth century, was, no doubt, engaged 
at firft only for a few years ; when thefe were elapfed, 
the engagement was renewed, perhaps for the laft time, 
in 1412, and he was bound, befides teaching the Ro- 
man eloquence, to read publicly, and explain in the ca- 
thedral, on feftivals, the poems of Dante. John de Ra- 
venna did not long furvive the above renewal of his en- 
gagement ; for an anonymous writer, who, in 1420, fi- 
nifhed Si Guide to Letter-writing, according to the Prin- 
ciples of John de Ravenna,” fpeaks of his preceptor as 
of a man not then in exiftence. 

MALT. See Brewing (Encycl.), where a full ac- 
count is given of Sir Robert Murray’s method of malt- 
making, together with fome valuable obfervations on 
malt by Mr Richardfon of Hull. In a late edition of 
this latter gentleman’s Theoretic Hints on Brevsing, we 
are told, that Mr Edward Rigby of Norwich is of opi- 
nion, that the mere exficcation of corn is not the only 
objeft obtainable by drying it on the kiln, but that fome 
portion of the faccharum of malt is the effedt of that 
procefs. “ The operation of kiln drying the malt (fays 
Mr Rigby) is as follows :—The grain is fpread thick 
upon a floor made of flat bricks [tiles'), or iron plates, 
which are full of perforations ; immediately under this 
floor is the oven or furnace, in which is a large fire 
made of awL-,,cinders, or, in fome places, billet wood ; 
a current of air, at the mouth of the furnace, keeps up 
the combuftion of the coaks, and the air which is phlo- 
gifticated by their burning, and which, in a common 
fire-place, rifes up the chimney, pafies, in this inftance, 
through the apertures in the floor, and penetrates the 
whole flratum of malt before it can pafs into the exter- 
nal air. Under thefe circumflances, it is evident, that 
the interftices of the malt muft be filled with phlogiflic 
air ; and as the grain ufually remains in this fituation 
about two days, it is obvious, that if it have the power 

, of abforbing phlogifton, it certainly muft do it when 
fo long in contact with it. And that the malt does 
really imbibe fome of this principle, is not only probable 
on the general ground of the truth of the preceding 

theory, but, I believe, it will be found, that the phlo- 
gifticated air which rifes from the burning fubftances 
underneath, is corrected in paffing through the malt ; 
for without its being meliorated by this or fome other 
caufe, it is evident that the air in the kiln-chamber, 
Aiore efpecially the lower flrata of it, muff: be noxious, 
and probably even fo much fo as to be unfit for refpira- 
tion and combuftion. But fo far from this being the 
cafe, I am informed, that workmen will lie and fleep 
many hours on the malt in this fituation withoutTuffer- 
ing any inconvenience. And after mentioning this, it 
is fcarcely neceflary to add, that I find alfo, by experi- 
ment, that a candle will burn perfectly well in the air 
which is immediately on the furface of the malt. 

“ Were heat alone fufficient for the purpofe of com- 
pleting the operation of malting, it certainly might be 
applied in a much more cheap way than is at prefent 
done ; for the floor on which the grain is laid might, 
unqueflionably, be heated equally without there being 
perforations in it, as with them. In which cafe, one 
kind of fuel would be as good as another ; and, confe- 
quentlyr, the prefent expence of previoufly burning the 
coals, to convert them into coaks or cinders, might be 
faved. 

“ But, admitting that the application of phlogifton 
to the malt, as well as heat, is requifite in this opera- 
tion, the neceffity of thefe perforations becomes evident, 
and alfo the propriety of previoufly burning the coals 
in fuch a way, that all the water, and thofe other hete- 
rogeneous particles which compofe fmoke and foot, may 
be diffipated ; for thefe, merely as fuch, would obviouf- 
ly contribute little to the phlogiftication of the malt, 
and would evidently impart fome offenfiye flavour, if not 
fome obnoxious quality to it. 

“ Reafoning from the above premifes (Mr Rigby 
concludes), it would feem, that as all the farinaceous 
parts of the barley are feldom diffolved in brewing, and 
the grams wh’ch are left have ufually the difpofition to 
become four, thereby manifefting fome of the acid prin- 
ciple to be flill exifting in them, it is not improbable 
but fome further faccharine matter might be obtained 
from the grain by another expofure to phlogifticated 
air, or, in other words, by being once more laid on the 
kiln.” 

This is indeed fo far from being improbable, that we 
think it muft infallibly be the cafe. Sugar, it is well 
known, confilts of oxygen, hydrogen, and carbon (fee 
Chemistry in this Supplement, n° 466.) ; but from the 
difpofition of the grains to become four, it is plain, that 
after the procefs of brewing they Hill retain much oxy- 
gen ; and the azotic gas, which is here called phlogifti- 
cated air, there is every reafon to believe contains both 
hydrogen and carbon. Thefe, therefor?, uniting with 
the oxygen of the grains, muft make an addition to the 
faccharine matter. This has, indeed, been found to be 
the faft by Mr Richardfon, who, in confequence of Mr 
Rigby’s fuggeftion, was induced to brew a final! brew- 
ing of malt, of ten quarters only, and flopping the pro- 
cefs when, according to his general pra&ice, one extradl 
was ftill due, he ordered the grains to be laid upon one 
of his malt-kilns, and cinders to be applied the fame as 
for drying of malt. This was continued for two days 
and a half, when the grains, being perfedtly dried, were 
put into lacks, and, when cold, returned again into the 
malh-tun. The event, in fome meafure, jnftified Mr 

Rigby’s 
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mma- Rigby’s expe&atlon ; for the produce of fermentable 
kes. matter was confiderably more than he had reafon to 

conclude would have been the cafe, had the extract been 
made in Immediate fucceiTion, as it would have been in 
the ordinary courfe of his praftice. He attempts, in- 
deed, to account for it in a way very different from 
ours ; but though we have the higheft confidence in Mr 
Richardfon as an experienced brev/er, we muff fome- 
times beg leave to think for ourfelves as chemiffs. Like 
a man of fenfe, however, and a man of fcience, he fays, 
“ [ am fo well fatisfied with the event of this experi- 
ment, that I fhall probably be inclined, on forne future 
occafion, to repeat it, in various ftages of the procefs. 
The fine lively froth on the furface of the wort, in the 
underback, added to its tranfparency and good flavour, 
are circumftances which induce me to thank Mr Rigby 
for the hint, which, it is not improbable, may be ap- 
plied to fome ufeful purpofe, in certain fituations which 
fometimes occur in the brewing trade.” 

MAMMALUKES, Mamalucs, Mameloucs, or 
Mamluks, were a dynafty that reigned for a confiderable 
time in Egypt, and of which fome account has been 
given in that article (Encycl ) A fuller account of 
them muff, however, be acceptable to our readers, as, 
fince their connections with the French, they have at- 
tracted confiderable attention. 

They were firft introduced into Egypt, as we have 

,vn>t deavoured to colleCt the moft forcible means to accom- 
veh. plifli fo defirable an end ; and, in confequence, obferving 

that the ancient inhabitants of Egypt were, from their 
effeminate mode of education, and the quiet and tran- 
quil habits of their lives, much fitter for thofe occupa- 
tions in which they delighted, namely, the arts, mer- 
chandize, and mechanics, than military taftics and mili- 
tary toil, he refolved, as little as poffible, to employ or 
depend upon them. 

This refolution ftimulating him to procure a hardier 
race of foldiers, he therefore commiffioned agents to 
treat with the Circafiians, by the Lake of Masotis, near 
Tawrica Cherfonefas, whence, about the year 1176, 
they purchafed more than a thoufand flaves. Men inu- 
red to hardlhip, nurtured in the lap of toil and danger, 
and bred from their infancy to war, which was to them 
rather than an inftinCt than a fcience, as the continual 
incurfions of the Tartars rendered felf-defence, in their 
fituation, abfolutely neceflary. 

Thefe flaves Saladine trained to military difcipline, 
and, at the fame time that he made them renounce 
Chriftianity, had them inftruCled in the Mahometan re- 
ligion ; and although he prohibited them from marry- 
ing, he allowed them an unbounded licenfe with refpeCt 
to defultory gallantry. What progrefs they made in 
the doCtrines of the Alcoran, whether the tenets of 
that facred volume effectually eradicated all their firft 
principles, is uncertain ; but it is certain, that in time 
they became excellent ibldiers, and that the military 
glory of Saladine, which was feebly fupported by the 
native Egyptians, expanded in the hands of the Mame- 
loucs, who extended their conquefts on every fide, un- 
til, pervading the Holy Land, they entered in the plain 
of Afkelon. 

Thefe Mameloucs, who were continually adding to 
their numbers, in procefs of time became naturalized 
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to the country } and, as it has been obferved, they ex- 
celled the Egyptians in ftrength of body, in military , 
difcipline, in their fluff in horfemanftiip, and in courage ; 
fo they, by the liberality of their generals, and the plun- 
der of cities and provinces, alfo excelled them in wealth. 
In faCt, their mode of education fitted them for the 
moft dangerous and adventurous enterprifes, and, from 
being the flaves, enabled them in time to become the 
matters of even the Turks, by whom they had original- 
ly been purchafed. 

After the death of Saladine, who left the kingdom 
to his brother, they rofe to ftill greater importance than 
they had acquired during his reign, and continued, if 
not abfolutely to govern, yet, like the Roman foldiers 
in the time of Pertinax, Alexander, and Valerian, to 
awe the monarch. 

This influence continued through the reigns of five 
fucceflive Caliphs, until that of Melachfala, the laft of 
the pofterity of Saladine, who being at war with the 
Arriftians, and, at the fame time, wifliing to reprefsthe. 
enormous power of the Mameloucs, purchafed flaves 
from all the furrounding countries, whom, in imitation 
of his anceftor, he armed and appointed to defend his 
dominions. The event of this meafure was exactly 
what might have been expefted. Melachfala was, in 
confequence of a confpiracy betwixt his new and his old 
foldiers, flain ; and Turquemenus, the leader of this mu- 
tiny and rebellion, hailed by the title of Great Sultan 
of Egypt. With him began the government of the 
Mameloucs, about the year 1250 ; which had the next 
year gathered fuch ftrength, that it was thought necef* 
fary, in order to reprels thofe exuberances to which new 
formed governments are liable, and bring it nearer to a 
fyftem, to caufe the following articles, in the form of a 
charter, to be fubfcribed to by their principal leaders, 
as an aft of the whole people :—“ ift, That the Sul- 
tan Ihould be chofen from the body of Mameloucs; zdly. 
That none fliould be admitted into the order that were 
by birth either Jews or Turks, but only Chriftian cap- 
tives ; 3dly, That the native Egyptians fliould not be 
permitted to ufe, or have, any weapons, except the in- 
ftruments of agriculture.” 

Turquemenus, as is frequently the praftice with thofe 
that experience a fudden elevation, endeavoured to kick 
down the ladder by which he had been raifed ; or, in 
other words, his carriage was fo haughty and difdainful 
to his former companions, that he was by them, or ra- 
ther by one of them named Clotho, fuddenly flain ; for 
which the murderer was rewarded with his fceptre. 
After him fucceeded a long race of princes, many 01 
whom were as eminent for their talents as for their va- 
lour ; among whom, the name of Caitbeius has been 
tranfmitted to us as that of the greateft ftatefman and 
general of his age ; but, as every one who confiders the 
materials of which the government was cdmpcfed, muff 
rather wonder that it exifted fo long, than that it fhould, 
through almoft the whole courfe of its operation, be 
expofed to all the various evils and diftrefles arising 
from a long train of fedition and tumults, fo he muft 
lament that it fhould expire in the reign of one of their 
wifeft and beft monarchs s yet it is fome con filiation to 
refleft, that Campfon, the laft Sultan of the Mame- 
loucs, was not murdered by his own fubjeSs," but having 
for many years governed the kingdoms of Egypt, Ju- 
dea, and Syria, in a manner that has excited the praife 
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of the hilforic pen, he, oppreffed with age and djfeafe, 
and encumbered with his armour, funk upon the held 
of battle, and, with his laft breath, yielded the vi&ory 
to the fortunate Selim. 

With this monarch, who expired January 20, ^516, 
ended the government of the Mameloucs, after it had 
continued 276 years ; for although an attempt was 
made by Tomumby to get himfelf declared Sultan, in 
which attempt he a&ualiy fucceeded fo far as to be in- 
verted with the title, yet he was foon after defeated by 
the vi&orious Selim. He was then forfaken by his 
ttoops, taken and executed ; while the Mameloucs, bro- 
ken and dilpeifed, it was the policy of Selim to rally, 
and, by offers too tempting to be by them refufed, en- 
gage in his fervice. The ufe of thefe foldiers foon be- 
came fufficiently apparent to the Turkiih Emperors, to 
Simulate them to augment their number, enlarge their 
fphere of aftion, and combine them clofer to the Hate, 
by the allowance of rtill greater privileges and advanta- 
ges than they had before enjoyed. 

The ileys were ordained to be chofen from among 
them ; and the Pafha, or chief governor for the Porte, 
was to (hare his power with thofe Beys, and even to 
continue in office no longer than fltould be agreeable to 
their colle&ive will. At firrt the power of the Pafha 
was very extenfive ; but, by the intrigues and ambition 
of the Beys, it has been reduced almoft to a cypher. 
It was rather of a civil than military nature. He was 
always prefident of the Divan, which was held in the 
caftle where he refided. But that council now com- 
monly meets in the palace of one of the chief Beys, ex- 
cept when a firman or mandate is received from Conftan- 
tinople, when the Beys are fummoned to the caftle, to 
hear the commands of the Porte. The few who attend, 
as foon as the reading is finifhed, anfwer, as is ufual, 
“ Efmana iva taana,” “We have heard, and we obey.” 
On leaving the caftle, their general voice is “ Efmana 
nva anvjma” “ We have heard, and {hall difobey.” 

In the year 1791, Salah Aga, a Have of Murad Bey, 
was deputed from the government of Egypt to nego- 
ciate their peace with the Porte. He carried prefents 
of horfes, rich fluffs, &c. A fpontaneous tribute, which 
the Porte was in no condition to enforce, implied obli- 
gation on the part of the latter. He was well received, 
and afterwards was appointed Waquil es Sultan, agent 
or attorney to the Sultan in Cairo. It is probable 
this office was given him to incline him to fecond the 
efforts of the Court in difuniting the Beys ; but it was 
ineffectual. Thefe had formerly experienced the evils 
©f divilion, and now were united by common intereft, 
grown rich, and well provided with Haves ; fo that no 
trjpute has fmee that time found its way to Conftanti- 
Bople. 

The Mameloucs remain, as they have ever been, mi- 
•i-itary {laves, imported from Georgia, Circaffia, and Min- 
grelia. A few have been prifoners, taken from the 
Auftrians and Ruffians, who have exchanged their reli- 
gion for an eflablifhment. The Beys give general or- 
ders to their agents at Conftantinople to purchafe a 
certain number every year ; and many are brought to 

by private merchants on fpeculation. When 
the fupply proves infufficient, or many have been ex- 
pended, black flaves from the irfterior of Africa are fub- 
fhtuted, and, if found docile, are armed and accoutred 
like the reft. 
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Particular attention is paid to the education of thefe Mnmma. 

favoured flaves. They are inflrufted in every exercife , lukc8- 
of agility or ftrength, and are, in general, diftinguiihed ’r*~1 

by the grace and beauty of their perfons. The grati- 
tude of the difciples is equal to the favour of their ma- 
ilers, whom they never quit in the hour of danger. If 
they have a difpofition for learning, they are taught the 
ufe of letters, and fome of them are excellent feribes ; 
but the greater part neither can read nor write. A 
ilriking example of which deficiency is obfervable in 
Murad Bey himfelf. 

The inferior Mameloucs conftantly appear in the mi- 
litary drefs, and are commonly armed with a pair of 
piftols, a fabre, and a dagger. They wear a peculiar 
cap of a greenifh hue, around which is wreathed a tur- 
ban. The reft of their drefs refembles that of other 
Mahomedan citizens, and is reftricled to no particular 
colour; but another Angularity is, their large drawers 
of thick Venetian cloth, of a crimfon colour, to which 
are attached their flippers of red leather. On horfe- 
back they add to their arms a pair of large horfe pi- 
ftols, and the dubbus or battle-axe. In battle, many of 
them wear an open helmet, and the ancient ring ar- 
mour of interwoven links of fteel, worn under part of 
their drefs, and thus concealed. Thefe are dear; fome- 
times cofting 500 piaftres, or about L. 40. Some of 
them are made at Conftantinople, others in Perfia. 
Their horfes are of the fineft Arabian breed, and are of- 
ten purchafed at three or four purfes, L. 15010 L. 200 
flerling. 

They have no pay, as they eat at a table in thehoufe 
of their mailer the Bey, Cafhef, or other officer. Any 
military officer may purchafe a Have, who becomes ipfo 
fatto a Mamelouc. The name, from malek, to poffefs, 
implies merely a perfon who is the property of another, 
After a proper education, the candidate thus conftitu- 
ted a Matnelouc, receives a prefent of a horfe and arms 
from his mailer, together with a fuit of clothes; which 
is renewed every year in the month Ramadan. The 
generofity of their matters, and rewards or extortions 
from others, afford them fupplies of money, either for 
avarice or debauchery. Some of them, admitted to pe- 
culiar favour by the Beys, as chafnadars, or purfe-bear- 
ers, &c. acquire great wealth. They are rather gay 
and thoughtlefs than infolent, fond of fnow, and unprin- 
cipled in. their means of acquiring it. They feldom 
marry till they acquire iome office. 

Though born of Chriflian parents, they feem highly 
fatisfied with their condition, which they have been 
known to refufe to exchange for freedom. The ma- 
jority are regarded by the Arabs as little ftridrt in the 
principles or duties of Mobamedifm. It is worthy of 
remark, that though the Mameloucs, in general, be 
ftrong and perfonable men, yet the few who marry very 
feldom have children. As the fon, even of a Bey, is 
not honoured wirh any particular confideration, the wo- 
men, perhaps, procure abortions. Of eighteen Beys, 
wdth vvhofe hiftory Mr Browne was well acquainted, 
two only had any children living. 

Hardy, capable of every fatigue, of undaunted, cou- 
rage, and eminent fkill in horfemanfhip and the ufe of 
the fabre, the Mameloucs may be regarded as by far 
the heft troops in the Eaft. But in a regular battle, 
conduced by manoeuvres, and large or rapid movements, 
they are equally inferior to European troops. 

Being 
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lan.t«a- 'Being difl-inguifhed by favouritifm or merit, the Ma- 
iukee, iXidouc becomes a Cafhef, and in time a Bey. The 
MaB' , chief caufe of preference arifes from political adherence 

to fome powerful leader. 
Before the invafion of Egypt by the French (See 

RFroivnoK, SuppL), the Government of Cairo, and 
indeed of the whole country, was vetted in 24 Beys ; but 
the Porte has fince endeavoured to deprive them of all 
power } with what fuccefs is not yet perfe&ly known. 

MAN, has been confidered in a great number of par- 
ticulars under the title Man (Encycl). ; but a reference 
was made from that article to the article Varieties of 
the Hurnan Species, which was, after all, omitted entirely. 

Perhaps enough has been faid on the varieties of the 
human fpecies in the articles Complexion and Negro 
(Encycl.) ; but as infidel ignorance is perpetually pre- 
tending, that the diminutive Icelanders, the ugly Ef- 
quimaux, the woolly-headed Negro, and the copper-co- 
loured American, could not have defcended from one 
original pair, either of European complexion or of Hin- 
doo fymmetry—it may not be improper, in this place, to 
fhew the weaknefs of this popular objection to the Mo- 
faic hiftory of the origin of man. This has been done 
in fo fatisfadlory a manner, by Profefibr Blumenbach, 
that we fhall content ourfelves with laying his obferva- 
tions before our readers, convinced, as we are, that they 
are intelligible to every capacity, and that they will carry 
convi&ion to all whcr are not the (laves of prejudice. 

V;</. Mag. “ Some late writers on natural hiftory (fays the Pro- 
oi.iii. feffor) feem doubtful whether the numerous diftind 

races of men ought to be confidered as mere varieties, 
which have arifen from degeneration, or as fo many fpe- 
cies altogether different. The caufe of this feems chief- 
ly to be, that they took too narrow a view in their re- 
fearches ; fele&ed, perhaps, two races the moft different 
from each other poffible, and, overlooking the interme- 
diate races that formed the conneding links between 
them, compared thefe two together; or, they fixed 
their attention too much on man, without examining 
other fpecies of animals, and comparing their varieties 
and degeneration with thofe of the human fpecies. The 
firft fault is,* when one, for example, places together a 
Senegal negro and an European Adonis, and at the 
fame time forgets that there is not one of the bodily 
differences of thefe two beings, whether hair, colour, 
features, &c, which does not gradually run into the 
fame thing of the other, by fuch a variety of (hades, 
that no phyfiologift or naturalift is able to ettablifh a 
certain boundary between thefe gradations, and confe- 
quently between the extremes themfelves. 

“ The fecond fault is, when people reafon as if man 
were the only organifed being in nature, and confider 
the varieties in his fpecies to be ftrange and problemati- 
cal, without refleding that all thefe varieties are not 
more ftriking or more uncommon than thofe with which 
To many thoufands of other fpecies of organifed beings 
degenerate, as it were, before our eyes.” 

As what we have faid under the articles Complexion 
and Negro may be fufficient to warn mankind againft 
the firft error, and at the fame time to refute it, we ba- 
tten to refute the fecond by our author’s comparifon be- 
tween the human race and that of fwine. 

“ More reafons (fays he) than one have induced me 
to make choice of fwine for this comparifou ; but, in 

particular, becaufe they have a great fimilarity, in many 
refpefts, to man : not, however, in the form of their ^ 
entrails, as people formerly believed, and therefore ftu- 
died the anatomy of the human body purpofely in 
fwine ; fo that, even in the laft century, a celebrated 
difpute, wduch arofe between the phyficians of Heidel- 
berg and thofe of Durlach, refpedting the polition of 
the heart in man, was determined, in eonfequence of or- 
ders from government, by infpe6ting a fow, to the great 
triumph of the party which really was in the wrong. 
Nor is it becaufe in the time of Galen, according to re- 
peated affertions, human flefh was faid to have a tafte 
perfe&ly fimilar to that of fwine ; nor becaufe the fat 
and the tanned hides of both are very like to each 
other j but becaufe both in regard to the oeconomy os 
their bodily ftru&ure, taken on the whole, (hew unex- 
pe&edly, on the firft view, as well as on clofer examina- 
tion, a very ftriking fimilitude. 

“ Both, for example, are domeftic animals ; both om~ 
nivora ; both are difperfed throughout all the four quar- 
ters of the world ; and both confequently are expofed, 
in numerous ways, to the principal caufes of degenera- 
tion arifing from climate, mode of life, nourifhment, 
&c. ; both, for the fame reafon, are fubjeft to many 
difeafes, and, what is particularly worthy of remark, to 
difeafes rarely found among other animals than men and 
fwine, fuch as the ftone in the bladder ; or to difeafes 
exclufively peculiar to thefe two, fuch as the worms 
found in meafled fwine. 

“ Another reafon (continues he) why I have made 
choice of fwine for the prefent comparifon is, becaufe 
the degeneration and defeent from the original race are 
far more certain in thefe animals, and can be better 
traced, than in the varieties of other domeftic ani- 
mals. For no naturalift, I believe, has carried his feep- 
ticifm fo far as to doubt the defeent of the demeftic 
fwine from the wild boar; which is fo much the more 
evident, as it is well known that wild pigs, when caught, 
may be eaflly rendered as tame and familiar as domeftic 
fwine : and the contrary alio is the cafe ; for if the lat- 
ter by any accident get into the woods, they as readily 
become wild again ; fo that there are inftances of fuch 
animals being (hot for wild fwine ; and it has not been 
till they were opened, and found caftrated, that people 
were led to a difeovery of their origin, and how, and at 
what time, they ran away. It is well afeertained, that, 
before the difeovery of America by the Spaniards, 
fwine were unknown in that quarter of the world, and 
that they were afterwards carried thither from Europe. 
All the varieties, therefore, through which this animal 
has fince degenerated, belong, with the original Euro- 
pean race, to one and the fame fpecies ; and fince no 
bodily difference is found in the human race, as will 
prefently appear, either in regard to ftature, colour, the 
form of the cranium, &c. which is not obferved in the 
fame proportion among the fwine race, while no one, 
on that account, ever doubts that all thefe different 
kinds are merely varieties that have arifen from degene- 
ration through the influence of climate, &c. this com- 
parifon, it is to be hoped, will filence thofe fceptics who 
have thought proper, on account of thefe varieties in 
the human race, to admit more than one fpecies. 

“ With regard to ftature, the Patagonians, as is well 
known, have afforded the greateft employment to an- 
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thropologifts. The romantic tales, however, of the old 

} travellers who give to thefe inhabitants of the fouthern 
extremity of America a ftature of ten feet and more, 
are fcarcely worth notice ; and even the more modelt 
relations of later Englifli navigators, who make their 
height from fix to feven feet, have been doubted by 
other ti r/eilers, who, on the fame coaft, fought for fuch 
children of Enoch in vain. But we (hall admit every 
thing faid of the extraordinary fize of thefe Patagonians 
by Byron, Wallis, and Carteret ; the firft of whom af- 
figns to their chief, and feverala of his attendants, a 
height of not lefs than feven feet, as far as could be de- 
termined bv the eye ; the*fecond, who afferts that he 
aftuully meafured them, gives- to the greater part of 
them from 5 feet 10 inches to 6 feet ; to fome 6 feet 
5 inches, and 6 feet 6 ; but to the tailed, 6 feet 7 inch- 
es : and this account is confirmed by the laft-mentioned 
of the above circumnavigators. Now, allowing this to 
be the cafe, it is not near fuch an excefs of ftature as 
that obferved in many parts of America among the 
fwine, originally carried thither from Europe ; and of 
thefe I fhall mention in particular thofe of Cuba, which 
are more than double the fize of the original flock in 
Europe. 

“ The natives of Guinea, Madagafcar, New Holland, 
New Guinea, &c. are black ; many American tribes 
are reddifh brown, and the Europeans are white. An 
equal difference is obferved among fwine in different 
countries. In Piedmont, for example, they are black. 
When I paffed (fay our author) through that country, 
during the great fair for fwine at Salenge, I did not 
fee a Angle one of any other colour. In Bavaria, they 
are reddifh brown ; in Normandy, they are all white. 

“ Human hair is, indeed, fomewhat different from 
fwine’s briftles; yet, in the prefent point of view, they 
may be compared with each other. Fair hair is foft, 
and of a filky texture ; black hair is coarfer, and among 
feveral tribes, fuch as the Abyffinians, Negroes, and the 
inhabitants of New Holland, it is woolly, and moft fo 
among the Hottentots. In the like manner, among the 
white fwine in Normandy, as I was allured by an in- 
comparable obferver, Sulzer of Ronneburg, the hair 
©n the whole body is longer and fofcer than among o- 
ther fwine ; and even the briftles on the back are very 
little different, but lie flat, and are only longer than the 
hair on the other parts of the body. They cannot, 
therefore, be employed by the brufh-makers. The dif- 
ference between the hair of the wild boar and the do- 
meftic fwine, particularly in regard to the fofter part 
between the ftrong briftles, is, as is well known, ftill 
greater. 

“ The whole difference between the cranium of a 
Negro and that of an European, is not in the leaft de- 
gree greater than that equally ftriking difference which 
exifts between the cranium of the wild boar and that of 
the domeftic fwine. I hofe who have not obferved this 
in the animals themfelves, need only to caft their eye 
on the figure which Daubenton has given of both. 

“ I fhall pafs over (fays our author) lefs national va- Mao, 
rieties which may be found among fwine as well as Manding 
among men, and only mention, that I have been aflured * ^ 
by Mr Sulzer, that the peculiarity of having the bone 
of the leg remarkably long, as is the cafe among the 
Hindoos, has been remarked with regard to the fwine 
in Normandy. ‘ They ftand very long on their hind 
legs (fays he, in one of his letters) ; their back, there- 
fore, is higheft at the rump, forming a kind of inclined 
plane ; and the head proceeds in the fame diredlion, 
fo that the fnout is not far from the ground.’ I fhall 
here add, that the fwine, in fome countries, have dege- 
nerated into races which in Angularity far exceed every 
thing that has been found ftrange in bodily variety 
among the human race. Swine with folid hoofs were 
known to the ancients, and large herds of them are 
found in Hungary, Sweden, &c. In the like manner, 
the European Swine, firft carried by the Spaniards, in 
jyop, to the ifland of Cuba, at that time celebrated for 
its pearl fifhery, degenerated into a monftrous race, 
with hoofs which were half a fpan in length.” 

From thefe fafts our author concludes, that it is ab- 
furd to allow the vaft variety of fwine to have defend- 
ed from one original pair, and to contend that the va- 
rieties of men are fo many diftindl fpecies. 

MANDTNG, a large ftate in the interior of Africa,, 
of which the only fatisfadlory account that we have 
is by Mr Park, who, for feveral months, was hofpi- 
tably entertained in Kamalia, one of its towns, fituated 
in 12° 40' N. Lat. and 6° 40' W. Long. • The go- 
vernment of Manding appeared to our author to be a 
fort of republic, or rather an oligarchy. Every town ■ 
is indeed governed by a chief magiftrate called Manfa, 
which ufually fignifies king ; but the chief power of the 
ftate, in the laft refort, is lodged in the affembly of thefe 
manfas (a). The cafe, however, is different in other 
countries, which are occupied by people who have emi- 
grated from Manding ; for in all the Mandingo dates 
near the Gambia, the government is monarchical, tho*' 
the power of the fovereign is by no means unlimited. 

As Mr Park’s route was confined to a tradl of coun- 
try, bounded nearly by the 12th and 15th parallels of 
latitude, the climate throughout the whole was nearly 
the fame as that of Manding, and extremely hot : Yet, 
where the country afcended into hills, he found it com- 
paratively cool and pleafant; though none of the di- 
ftridls which he traverfed could be called mountainous. 
About the middle of June, the hot and fultry atmo- 
fphere is agitated by violent gufts of wind (called torna- 
does), accompanied with thunder and rain. Thefe uflier 
in what is denominated the rainy JenJon ; which conti- 
nues until the month of November. During this time, 
the diurnal rains are very heavy ; and the prevailing 
winds are from the fouth-weft. The termination of the 
rainy feafon is likewife attended with violent tornadoes; 
after which the wind fhifts to the north-eaft, and conti- 
nues to blow from that quarter during the .reft of the 
year. 

meanlm/110 He^avs^hat ^ b« " ^ fore that here we have 
hdy ; but we think' thS hv the b i t a chief power of the ftate is lodged in the affembly of that who/e 
could not be called an oligarehy. W ^ ° y mU e meant ^ body of Jlfanfas, otherwife the government 
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When the wind fets in from the north-eaft, it pro- 

duces a wonderful change in the face of the country. 
The grafs foon becomes dry and withered ; the rivers 
fubfide very rapidily, and many of the trees fhed their 
leaves. About this period is commonly felt the har- 
mattan, a dry and parching wind, blowing irom the 
north-eaft, and accompanied by a thick fmoky haze; 
through which the fun appears of a dull red colour. 
This wind, in pafting over the great defert of Sahara, 
acquires a very ftrong attraftion for humidity, and 
parches up every thing expofed to its current. It is, 
however, reckoned very falutary, particularly to Euro- 
peans, who generally recover their health during its con- 
tinuance. The truth of this our author experienced 
both at KamaTia and Pifania, when he bad been brought 
to the very brink of the grave by ftcknefs. 

Whenever the grafs is fufficiently dry, the negroes 
fet it on fire ; but in Ludamar, and other Mooriih 
countries, this practice is not allowed ; for it is upon 
the withered ftubble that the Moors feed their cattle 
until the return of the rains. The burning ox the grafs 
in Manding exhibits a fcene of terrific grandeur. “ In 
the middle of the night (fays Mr Park), I could fee the 
plains and mountains, as far as my eye could reach, va- 
riegated with lines of fire ; and the light reflected on 
the fky made the heavens appear in a blaze. In the 
day time, pillars of fmoke were feen in every dire&ion ; 
while the birds of prey were obfcrved hovering round 
the conflagration, and pouncing down upon the fnakes, 
lizards, and other reptiles, which attempted to efcape 
from the flames.” This annual burning is foon followed 
by a frefti and fweet verdure, and the country is there- 
by rendered more healthful and pleafant. 

Though many fpecies of the edible roots, which 
grow in the Weft India iflands, are found in Africa, 
yet our traveller never faw, in any part of his journey, 
either the fugar cane, the coffee, or the cocoa tree ; nor 
could he learn, on inquiry, that they were known to 
the natives. The pine-apple, and the thoufand other 
delicious fruits which the induftry of civilized man (im- 
proving the bounties of nature), has brought to fo great 
perfedlion in the tropical climates of America, are here 
equally unknown. He obferved, indeed, a few orange 
and banana trees, near the mouth of the Gambia ; but 
whether they were indigenous, or were formerly planted 
there by fome of the white traders, he could not pofi- 
tively learn. 

Concerning property in the foil, it appeared" to Mr 
Park, that the lands in native woods were confidered as 
belonging to the king, or (where the government was 
not monarchical) to the {late. When any individual 
of free condition had the means of cultivating more 
land than he actually poffeffed, he applied to the chief 
man of the diftricl, who allowed him an extenfion of 
territory, on condition of forfeiture if the lands were not 
brought into cultivation by a given period. The con- 
dition being fulfilled, the foil became veiled in the pof- 
feffor ; and, for aught that appeared, defcended to his 
heirs. 

The Mandingoes are a very gentle race of people; 
cheerful in their difpofitions, inquifitive, credulous, 
Smple, and fond of flattery. The men are commonly 
above the middle fize, well fliaped, ftrong, and capable, 
of enduring great labour ; the women are good-natured, 

fprightly, and agreeable. The drefs of both fexes is 
compofed of cotton cloth of their own manufacture ; 
that of the meii is a loofe frock, not unlike a iurplice, 
with drawers which reach half way down the leg ; and 
they wear fandals on their feet, and white cotton caps 
on their heads. The womens drefs confifts of two pieces 
of cloth, each of which is about fix feet long and three 
broad ; one of thefe they wrap round the waift, which, 
hanging down to the ancles, anfwers the purpofe of a 
petticoat ; the other is thrown negligently over the bo- 
fom and fnoulders. Both men and women among the 
Mandingoes feem to have an invincible propenfity to 
commit depredations on the property of unprotected 
ftrangers ; whilft fuch is the good nature of thofe poor 
heathens, that they will readily fympathife in the fuffer- 
ings, relieve the diftreffes, and contribute to the perfonal 
fafety, of the very ftrangers whom they are bent upon 
plundering. 

Among the Mandingoes, the parental and filial affec- 
tion is remarkably ftrong between the mother and her 
child ; but not fo between the father and his children. 
This, as Mr Park obferves, is eafily accounted for. The 
fyllem of polygamy, while it weakens the father’s at- 
tachment, by dividing it among the children of different 
wives, concentrates all the mother’s jealous tendernefs 
to one point, the proteClion of her own offspring. He 
perceived, with great fatisfaClion too, that the maternal 
folicitude extended, not only to the growth and fecuri- 
ty of the perfon, but alfo, in a certain degree, to the 
improvement of the mind of the infant ; for one of the 
firft leffons, in which the Mandingo women inftrnCt their 
children, is thepradice of truth. 

The Mandingo women fuckle their children until 
they are able to walk of tbemfelves. Three years nur- 
fing is not uncommon ; and during this period, the 
hufband devotes his whole attention to his other wives. 
To this praClice it is owing, that the family of each 
wife is feldom very numerous. Few women have more 
than five or fix children. As foon as an infant is able 
to walk, it is permitted to run about with great free- 
dom. The mother is not over folicitous to preferve it 
from flight falls, and other trifling accidents. A little 
praClice foon enables a child to take care of itfelf, and 
experience ads, the part of a nurfe. As they advance 
in life, the girls are taught to fpin cotton, and to beat 
corn, and are inllruded in other domeftic duties ; and 
the boys are employed in the labours of the field. Both 
fexes, whether Bufhreens or Kafirs, on attaining the age 
of puberty, are circumcifed. This painful operation is 
not confidered by the Kafirs fo much in the light of a 
religious ceremony, as a matter of convenience and uti- 
lity. They have, indeed, a fuperftitious notion, that it 
contributes to render the marriage {late prolific. 

"When a young man takes a fancy to a young girl, 
and wifhes to marry her, it is by no means confidered 
as neceffary that he fliould make an overture to the girl 
herfelf. The firll objed is to agi'ee with the parents, 
concerning the recompence to be given them for the 
lofs of the company and fervices of their daughter. The 
value of two flaves is a common price, unlefs the girl is 
thought very handfome; in which cafe, the parents will 
raife their demand very confiderably. If the lover is 
rich enough, and willing to give the fum demanded, he 
then communicates his wifties to the damfel: but her 
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Mandirf. confent is by no means neceffary to the match ; for if 

' the parents agree to it, and eat a few holla-nuts, which 
are prefented by the fiutor as an earned of the baigain* 
the young lady muft either have the man of their choice, 
or continue unmarried, for {he cannot afterwards be gi- 
ven to another. If the parents (hould attempt it, the 
lover is then authorifed, by the laws of the country, to 
.feize upon the girl as his flave. At the celebration of 
a marriage, no religious ceremony feems to be praftifed. 
A feled number of people are indeed invited to the 
wedding, and feafted; but confummation conftitutes the 
marriage j for towards the morning, the new married 
couple are always difturbed bv the women, who af- 
femble to infpeft the nuptial dieet (according to the 
manners of the ancient Hebrews, as recorded in Scrip- 
ture), and dance round it. This ceremony is thought 
indifpenfably necelTary $ nor is the marriage confidered 
as valid without it. 

The Madingoes, and indeed all the negro Hates, whe- 
ther Mahomedan or Pagan, allow a plurality of wives. 
The confequence is, that the wives frequently quarrel 
among themfelves. When this happens, the hufband 
decides between them; and fometimes finds it neceflary 
to adminifter a little corporal chaftifement before tran- 
quillity can be reftored. But if any one of the ladies 
complains to the chief of the town, that her hulband has 
unjuftly punifhed her, and fhewn an undue partiality to 
fome other of his wives, the affair is brought to a pub- 
lic trial. In thefe palavers, however, which are con- 
duced chiefly by married men, our author was inform- 
ed, that the complaint of the wife is not always confi- 
dered in a very ferious light; and the complainant her- 
felf is fometimes conviCed of ftrife and contention, and 
left without remedy. If {he murmurs at the decifion 
of the court, the magic rod of Mumbo Jumbo foon puts 
in end to the bufinefs. See Mumbo Jumbo in this Suppl. 

A child, among them, is named when it is feven or 
eight days old. The ceremony commences by {having 
the infant’s head; and a diflt called dega, made of pound- 
ed corn and four milk, is prepared for the guefts. If 
the parents are rich, a fheep or a goat is commonly ad- 
ded. This feafl: is called ding koon lee, “ the child’s 
head {having.” During Mr Park’s flay at Kamalia, 
be w’as prefent at four different featts of this kind, and 
the ceremony was the fame in each, whether the child 
belonged to a Bufhreen or a Kafir. The fchoolmafter, 
who officiated as prieft on thofe occafions, and who is 
neceffarily a Bufhreen, firft faid a long prayer over the 
dega; during which, every perfon prefent took hold of 
the brim of the calabafh with his right hand. After 
this, the fchoolmafter took the child in his arms, and 
faid a fecond prayer ; in which he repeatedly folicited 
the bleffing of God upon the child, and upon all the 
company. When this prayer was ended, he whifpered 
a few fentences in the child’s ear, and fpit three times 
in its face ; after which he pronounced its name aloud, 
and returned the infant to the mother. This part of the 
ceremony being ended, the father of the child divided 
the dega into a number of balls, one of which he diftri- 
buted to every perfon prefent. And inquiry was then 
made, if any perfon in the town was dangeroufiy fick ; 
it being uiual, in fuch cafes, to fend the party a large 
poition ofthe which is thought to pofiefs great 
medical virtues. 
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The Madingoes have no artificial method of divi-5 Mandinj, 

ding time. They calculate the years by the number of    
rainy feafons. They portion the year into moons, and 
reckon the days by fo many funs. The day they di- 
vide into morning, mid-day, and evening ; and further 
fubdivide it, when neceffary, by pointing to the fun’s 
place in the heavens. Our author frequently inquired 
of fome of them, what became of the fun during the 
night, and whether we {hould fee the fame fun, or a 
different one in the morning ? But that fubjedl ap- 
peared to them as placed beyond the reach of human 
inveftigation ; they had never indulged a conje&ure, 
nor formed any hypothefis, about the matter. The 
moon, by varying her form, has more attracted their 
attention. On the firft appearance of the new moon, 
which they look upon to be newly created, the Pagan 
natives, as well as Mahomedans, fay a ftiort prayer ; and 
this feems to be the only vifible adoration which the 
Kafirs offer up to the Supreme Being. This prayer is 
pronounced in a whifper; the party holding up his hands 
before his face : its purport is to return thanks to God 
for his kindnefs through the exiftence of the paft moon, 
and to folicit a continuation of his favour during that 
of the new one. At the conclufion, they fpit upon 
their hands and rub them over their faces. Great at- 
tention is paid to the changes of this luminary in its 
monthly courfe ; and it is thought very unlucky to be- 
gin a journey, or any other work of confequence, in 
the laft quarter. An eclipfe, whether of the fun or 
moon, is fuppofed to be effected by witchcraft. The 
ftars are very little regarded ; and the whole ftudy of 
attronomy appears to them as a ufelefs purfuit, and at- 
tended to by fuch perfons only as deal in magic. 

Their notions of geography are equally puerile. They* 
imagine that the world is an extended plain, the termi- 
nation of which no eye has difcovered ; it being, they 
fay, overhung with clouds and darknefs. They defcribe 
the fea as a large river of fait water, on the farther 
{bore of which is iituated a country called Tobaubo doo; 
“ the land of the white people.” At a diftance from 
Tobaubo doo, they defcribe another country, which 
they allege is inhabited by cannibals of gigantic fize, 
called Koomi. 

Mr Park fays he has converfed with all ranks and 
conditions of negroes on the fubjeft of their faith, and 
that he can pronounce, without the fmalleft fliadow of 
doubt, that the belief of one God, and of a future ftate 
of reward and punifhment, is entire and univerfal among 
them. It is remarkable, however, that, except on the 
appearance of a new moon, as before related, the Pagan 
natives do not think it neceffary to offer up prayers and 
fupplications to the Almighty. They reprefent the 
Deity, indeed, as the creator and preferver of all things; 
but in general they confider him as a Being fo remote, 
and of fo exalted a nature, that it is idle to imagine the 
feeble fupplications of wretched mortals can reverfe the 
decrees, and change the purpofes, of unerring wifdom. 
The concerns of this world, they believe, are committed 
by the Almighty to the fuperintendance and diredtion 
of fubordinate fpirits, over whom they fuppofe that cer- 
tain magical ceremonies have great influence. A white 
fowl, fufpended to the branch of a particular tree, a 
fnake’s head, or a few handfuls of fruit, are offerings 
which ignorance and fuperftition frequently prefent, to 

deprecate 
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Minding, deprecate the wrath, or to conciliate the favour, of thefe 

tutelary agents. 
The Mandingoes feldom attain extreme old age. At 

forty, moft of them become grey haired, and covered 
with wrinkles ; and but few of them furvive the age of 
fifty-five, or fixty. Yet their difeafes appeared but 
few ; fevers and fluxes being the moll common, and the 
moft fatal. For thefe they generally apply faphiei, i. e. 
charms, to different parts of the body ; though fome- 
times, on the firft attack of a fever, the patient is, with 
great fuccefs, placed in a fort of vapour bath. The 
other difeafes which prevail among the negroes, are the 
yaws, the elephantiafts, and a leprofy of the very word 
kind, together with the Guinea worm, which they at- 
tribute to bad water. 

When a perfon of confequence dies, the relations and 
neighbours meet together, and manifeft their forrow by 
loud and difmal bowlings. A bullock or goat is killed 
for fuch perfons as come to affift at the funeral; which 
generally takes place in the evening of the fame day on 
which the party died. The negroes have no appropriate 
burial places, and frequently dig the grave in the floor 
of the deceafed’s hut, or in the ftiade of a favourite 
tree. The body is dreffed in white cotton, and wrap- 
ped up in a mat. It is carried to the grave, in the dulk 
of the evening, by the relations. If the grave is with- 
out the walls of the town, a number of prickly bufhes 
are laid upon it, to prevent the wolves from digging up 
the bodv ; but our author never oblerved that any ftone 
was placed over the grave as a monument or memorial. 

With re ip eft to employment, the men cultivate the 
ground, or catch fiih in large rivers ; while the women 
manufacture cotton cloth. It is only the fpinning and 
the dyeing, however, that are performed by the women; 
for the web, which is feldom more than four inches 
broad, is wove by the men in a loom made exactly upon 
the fame piinciple as that of Europe. As the arts of 
weaving, dyeing, fewing, &c. may eafily be acquired, 
thofe who exercife them are not confidered in Africa as 
following any particular profeffion ; for almoft every 
flave can weave, and every boy can few. The only ar- 
tifts which are diftinftly acknowledged as fuch by the 
negroes, and who value themfelves on exercifing appro- 
priate and peculiar trades, are the manufacturers of 
leather and of iron. The firft of thefe are called Kar- 
rankea (or as the word is fometimes pronouced Gaun* 
gay'). They are to be found in almoft every town, and 
they frequently travel through the country in the exer- 
cife of their calling. They tan and drefs leather with 
very great expedition, by fteeping the hide firft in a 
mixture of wood-afhes and water, until it parts with the 
hair ; and afterwards by ufing the pounded leaves of a 
tree, called goo, as an aftringent. 

The manufacturers in iron are not fo numerous as 
the Karrankeas ; but they appear to have ttudied their 
bufinefs with e<jual diligence. The negroes on the 
coaft being cheaply fupplied with iron from the Eu- 
ropean traders, never attempt the manufacturing of this 
article themfelves ; but in the inland parts* the natives 
fmelt this ufeful metal in fuch quantities, as not only to 
fupply themfelves from it with all neceffary weapons and 
inftruments, but even to make it an article of commerce 
with feme of the neighbouring ftates. During our au- 
thor’s ftay at Karpaiia, there was a fmeking furnace at 

a fhort diftance from the hut where he lodged, and the Manometeit 

owner and his workmen made no fecret about the man- jyja]]ure 
ner of condufting the operation ; and readily allowed , -1 • 
him to examine the furnace, and afiift them in breaking 
the iron-ftone. The procefs it is netdlefs to deferibe ; 
though it be proper to obferve, that the mafs of metal 
obtained by it was rather fteel than iron. Moft of the 
African blackfmiths are acquainted alfo with the me- 
thod of fmelting gold, in which procefs they ufe an al- 
kaline fait, obtained from a ley of burnt corn-ftalks eva- 
porated to drynefs. They likewife draw the gold into 
wire, and form it into a variety of ornaments, fome of 
which are executed with a great deal of tafie and in- 
genuity. 

The reader will obferve, that in the extrafts which 
we have made from Mr Park’s interefting travels, the 
terms African and Negro are frequently ufed as if all 
Africans and Negroes were Mandingoes. The reafon 
is, that the Mandingoes were not only the moft nume- 
rous tribe wdiich he vifited, but were alfo fpread over all 
that traft of country w'hich be traverfed. 

MANOMETER, a fmall glafs tube two or three 
inches high, hermetically fealed at one end, and open at 
the other, and divided regularly into inches and lines. 
It is employed in order to afeertain the rarefaftion of 
the air produced by. working an air-pump. The tube 
previoufly filled with mercury, and having its open end 
plunged into a bafon of mercury, is placed in the re- 
ceiver of an air-pump. As the pifton is worked, the 
mercury gradually finks in the tube, and the expanfion 
is eftimated by its height; for the fmaller the height 
at w'hich the mercury in the tube Hands above the mer- 
cury in the bafon, the greater is the expanfion. 

MANIANA, a fmall negro kingdom lying between 
120 and 140 North Eat. and between the meridian of 
Greenwich and and 30' Weft Long. Its inhabi. 
tants, as Mr Park was informed by a variety- of people 
in many different kingdoms, are remarkable for cruelty 
and ferocity; carrying their refent men t to their enemies 
fo far as never to give quarter, and even indulging them— 
felves with banquets of human flefh. Hence the inha- 
bitants of Bambarra, who carried on with them a long, 
and bloody war, and muff of courfe be well afeertained 
of the faft, call them Ma dummulo, which fignifies men- 
eaters. 

MANURE is fo effential to agriculture, that the 
want of it, or an improper manner of ufing it* is the. 
principal caufe of the fterility of a country. We have 
therefore treated of manures and their aftion at fome 
length in the article Agriculture in the Encyclo- 
pedia; but as the theoretical part of that difquifition 
refts in a great meafure on the doftrine of phlogifton, 
which is now exploded, it may not be improper to re- 
fume the fubjeft here. Experience however being, af- 
ter all, the only guide w'hich the farmer can fafely and 
confidently follow, inftead of amufing our readers with.t 
theories of our own, we fhall lay before thenv the obfer- 
vations of a man who feems to have united theory with 
praftice. 

“The ufe of manures (fays M. Parmentier*) has it Memoht 
been known in all ages, but we are yet far from having Royal 
any clear and precife ideas of the nature of the .juices,^'^®/ A* 
which are deftined for the nouriftiment of vegetables, 
and of the manner in which they are tranfmkted to their- 

organs^ 
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organs, me writers uu who have, endea- 
voured to explain thefe matters, perceiving falts in moic 
plants, were perfuaded that thefe falts, y t e ^ P ° 
water and heat, puffed, in a faline form, through the 
vegetable filter. Thefe firft philofophers did not hefi- 
tate to confider every thing that has been done by the 
induffry of man, to improve the nature of land, and its 
produaions, as merely forming refervoirs of thefe lalts, 
which they confidered as the principle of fertility. L his 
opinion was fo well eftablifiled among the improvers of 
land, that, to this day, many of them have no objeft m 
view, in their operations, but to difengage falts ; and, 
when they attempt to explain certain phenomena which 
take place in their fields or orchards, they talk confi- 
dently about the nitre of the air, of rain, of fnonv, of 
dew, and fogs ; of the falts of the earth, oj dung, oj 
marie, of lime, of chalk, &c. and make ufe of thofe vague 
terms, oil, fulphur, fpirit. See. which ought henceforward 
to be baniftied from our elementary books on agricul- 
ture. 

“ Among the authors who have attacked, and com- 
bated with molt fuccefs, the opinion that the frujtful- 
nefs of foils, and the aliment of vegetables, refide in fa- 
line fubftances, muft be reckoned Eller and Wallenus. 
Thefe philofophers examined, by every means which 
chemiitry at that time could furnifh, the various kinds 
of earth proper for cultivation, and alfo thofe fubffances 
which have always been confidered as the moft power- 
ful manures, without being able to obtain, from any of 
them, any thing more than mere atoms of fait. 

“ Animated with the fame zeal, and taking advan- 
tage of the inftru&ions found in their writings, I thought 
it neceffary to determine, by experience, whether, as has 
been afferted, there really exift neutral falts in earths ; 
and alfo, whether thofe earths are more fertile in pro- 
portion to the quantity of fuch falts they contain. 
With this view, I lixiviated, by means of diftilled water, 
many fpecies of cultivated earths, taken in various Hates, 
from frefii earth to that which had been impoverifiied 
by the growth of feveral crops ; I alfo tried dung, re- 
duced more or lefs into the fiate of mould ; and like- 
wife the moft active manures, fuch as the offal of animal 
fubftances rotted by putrefaction ; but in none of thefe, 
however carefully analyzed, wrere found any falts in a 
free ftate. They contain indeed the materials proper 
for forming falts ; but if they contain any ready formed, 
it is merely by accident. 

“ The refearches of Kraft, and thofe of Alfton, were 
not attended with different refults. Having fown fome 
oats in allies, not lixiviated, and in fand ftrongly im- 
pregnated with potalh and with faltpetre, and having 
found that the oats did not grow, they concluded that 
neutral falts, and alkalies, not only retarded the growth 
of vegetables, but that they abfolutely prevented it. It 
is well known that in Egypt there are diftriefs where 
the earth is entirely covered with fea-falt, and thefe di- 
ftrifts are quite barren. It is probably owing to this 
property of fea-falt, that the Romans were accuftomed 
to fcatter large quantities of it over fields where any 
great crime had beert committed, and of which they 
wifhed to perpetuate the remembrance, by rendering the 
part barren for a certain time. 

. “ Ihe idea that falts had great influence in vegeta- 
tion, ought to have been greatly weakened by the fol- 
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lowing Ample reflexion. Suppofing that falts exifted 
in garden mould, they would be very foon diflolved by ^ 
the rain, and carried away, towards the lower ftrata of 
the earth, to a depth to which the longeft roots would 
not reach. Indeed the famous experiment of Vanhel- 
mont would have been fufticient to have dtftroyed the 
above opinion, if it did not generally happen that we 
are no fooner fet free from one error than we fall into 
another not lefs extraordinary. The furprifing effcCls 
of vegetation brought about by the overflowing of wa- 
ter, and in the neighbourhood of fait marfhes, and the 
infinite number of inhaling capillary tubes obferved up- 
on the furface of vegetables, led to an opinion that the 
air and water, abforbed by the roots and leaves of plants, 
were only vehicles loaded with faline matter, analogous 
to the vegetables nouriflied by them. 

“ To the experiment of Vanhelmont, which was re- 
peated by many accurate obfervers, fucceeded thofe of 
modern philofophers; from which it clearly appeared, 
that plants could grow, and produce fruit, in the air of 
the atmofphere, and in diftilled water, alfo in pure fand, 
in powdered glafs, in wet mofs or fponge, in the cavity 
of fleflry roots, &c. and that plants which had nothing 
but the above-mentioned fluids for their nourifhment, 
gave, when fubmitted to chemical analyfis, the fame 
products as thofe which had undergone their procefs of 
vegetation in a foil perfectly well manured. It was alfo 
obferved, that the moft barren foils were rendered fer- 
tile when they were properly fupplied with water by 
canals ; and the efficacy of irrigation was repeatedly e- 
vinced in different ways : from thefe obfervations was 
formed the following fyftem, that water rifes in plants 
in the form of vapour, as in diftillation ; that air in- 
troduces itfelf into their pores ; and that, if falts contri- 
bute to the fruitfulnefs of foils, it is only in confequence 
of their containing the two fluids above-mentioned in 
great abundance.” 

Our author, after making many experiments upon 
various foils and falts, and after attending minutely to 
the procefs of vegetation, thinks himfelf warranted to 
maintain, “ that faline fubftances have no fenfible effeCts 
in promoting vegetation, excepting inafmuch as they are 
of a deliquefeent nature, have an earthy bafis eafily de- 
compoted, and are uled only in fmall quantity. In thoie 
circumftances they have the power of attraCling, from 
the immenfe refervoir of the atmofphere, the vapours 
which circulate in it ; thefe vapours they retain, along 
with the moifture that is produced from rain, fnow, 
dew, fog, See. which moifture they prevent from run- 
ning together in a rnafs, or from being loft, either by- 
exhaling into the air of the atmofphere, or by filtering 
itfelf through the inferior ftrata of the earth, and there- 
by leaving the roots of vegetables dry ; they diftribute 
that moifture uniformly, and tranfmit it, in a ftate of 
great divifion, to the orifices of the tubes deftined to 
carry it into the texture of the plant, where it is after- 
wards to undergo the laws of affimilation. As every 
kind of vegetable manure poffeffes a vifeous kind of 
moifture, it thereby partakes of the property of deli- 
quefeent falts. In fhort, the preparation of land for 
vegetation has no other objeCt in view but to divide the 
earthy particles, to foften them, and to give them a 
form capable of producing the above-mentioned effeCts. 
It is fufficient, therefore, that water, by its mixture 
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[ftnure. with the earth and the manure, be divided, and fpread 

out fo as to be applied only by its furface, and that it 
keep the root of the plant always wet, without drown- 
ing it, in order to become the effential principle of ve- 
getation. But as plants which grow in the fhade, even 
in the beft foil, are weakly, and as the greater part of 
thofe which are made to grow in a place that is per- 
feftly dark neither give fruit nor flowers, it cannot be 
denied that the influence of the fun is of great import- 
ance in vegetable economy. 

Such was the opinion which our author gave of the 
manner in which falts aft in vegetation, at a time when 
it was not known that air and water (which had been 
fo long coniidered as elements), far from being Ample 
fubftances, are capable of being decompofed by a great 
variety of operations both of nature and art ; and no- 
thing was wanting to complete his theory, but to know 
that air and water aft their part in vegetation only in a 
ftate of decompofition ; and that if earth well manu- 
red is a better matrix than water itfelf, it is becaufe fuch 
earth has the power of converting the water into gafes 
which are eafily abforbed, and which, while their ab- 
forption takes place, communicate to the plants a mo- 
tion and heat which they received when taking the 
form of gas, and which they lofe when they enter again 
into combination ; whence it is natural to conclude, 
that this motion and this heat muft neceflarily develope 
themfelves in feeds, and maintain the vital aftion in 
plants. 

What is a vegetable, confidered chemically, accord- 
ing to the prefent ftate of our knowledge ? It is, fay 
the chemifts, a compound of hydrogen, oxygen, and 
carbon, the proportions of which vary according to the 
agents which have concurred to its developement, and 
according to the matrix which received and aflimilated 
them, in order to create thofe combinations which are 
varied to infinity, by their forms and properties, and 
known by the generic terms of fait, oil, and mucilage. 
It appears, therefore, needlefs to feek thefe combina- 
tions in the different fubftances which are ufed for ma- 
nure, when we wifli to determine the nature of them, 
and explain their manner of afting in vegetation ; be- 
caufe, fuppofing it true that thefe falts, thefe oils, or 
thefe mucilages, exift in their combined ftate, nothing 
but their conftituent elements, namely, hydrogen, oxy- 
gen, and carbon, can polfibly have any aftion. 

The fuperiority of animal fubftances, as manures, 
and the remarkable luxuriance of thofe plants which are 
watered with putrid water, prove inconteftibly, that the 
putrid ftate is favourable to vegetation, and that every 
lubftance which is liable to enter, to a certain degree, 
into that ftate, contributes very powerfully thereto. 
The moft aerated waters are, in this cafe, the moft be- 
neficial. It is obferved that rain, particularly in ftormy 
weather, quickens vegetation fo much, that the garden- 
ers in the neighbourhood of Paris are often obliged to 
drench their plants with water taken from their wells, 
which, in confequence of its rawnefs, or its w ant of air. 
retards the Vegetation of the plants ; either becaufe it 
precipitates the meteorifed or eleftrified water, or be- 
caufe, by being mixed with the other water, it dimi- 
nifhes its fertilizing quality ; whereas, in fummer, this 
fame well-water, by being expofed to the fun for fome 
days, acquires a fmell like that of ftale eggs, lofes its 
rawnefs, and becomes very fit for accelerating vegeta- 
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tion. An atom of vegetable or animal matter is, at 
that time, fufficient to bring about more quickly this 
ftate of putrefaftion ; while thefe fame fubttances, by 
being employed in certain proportions, far from adding 
as a leaven on the liquids w'hich hold them in folution, 
preferve thofe liquids, or at leaft make them more flow 
to change. 

Salts and dung, therefore, are not merely decompo- 
fed by the power of vegetation ; by furnifhing the re- 
fults of their decompofition, they alfo aft in the manner 
of leavens, the aftion of which is fcarcely perceptible in 
cold or dry weather ; but when they are heated by the 
fun, and lufficiently penetrated with moifture, they very 
foon enter into a fort of fermentation, fuffering the va- 
rious gafes wu'th which they are provided to efcape. 
Thus manures may be confidered as decompofing inftru- 
ments, provided by nature, and prepared by art, to aft 
upon water fo as to bring it to a proper ftate of atte- 
nuation. The fubftances which enter into the compo- 
fition of plants, are, therefore, nothing but produfts of 
the decompofition of air and water, and combinations of 
the conftituent principles of thefe two fluids, determi- 
ned by the power which prefides in the feed, and which 
thence has paffed into the plant. 

It is now eafy to account for the effefts of charcoal- 
powder, ftraw, &c. wrhich are made ufe of to cover 
ground during long droughts with undoubted benefit: 
they are mechanical means of preventing the difiipation 
of moifture, and of determining it to take the form of 
thofe gafeous fluids which have fuch powerful effeft in 
vegetation. As water is compofed of hydrogen and 
oxygen, it is not furprifing that, when aflifted by the 
influence of the fun, and that of eleftricity, it is capable 
of forming, almoft by itfelf, the folids and fluids of ve- 
getables ; taking from the atmofphere the carbon it 
Hands in need of, to give them their moft effential cha- 
rafters. We fay their moft effential charafters ; for 
thofe terreftrial plants which have grown in air and wa- 
ter do not abound in principles ; and their offspring, 
when they have any, is by no means vigorous. We 
fee alfo, that plants which are naturally of an equatic 
nature, have in general but little fmell, becaufe the me- 
dium in which they live and grow furnifties only a fmall 
quantity of carbon, in proportion to the hydrogen and 
oxygen, which are the conftituent principles of water. 
This is the reafon why, in cold and wTet years, flowers 
are lefs odoriferous, fruit lefs full of flavour, and more 
difficult to be preferved. The germ of their reproduc- 
tion is weak ; and they are, if the exprefiion may be 
ufed, in a fort of dropfy ; that is to fay, they are load- 
ed with the principles which conftitute water, and even 
with water itfelf. 

Thefe obfervations, to which more might be added, 
may ferve to explain why vegetation is flow and weak 
in a foil which is too much charged with faline matter, 
while it is rendered quick and vigorous by a fmall quan- 
tity of this fame matter ; and why earth, which is per- 
fectly lixiviated, and watered, from time to time, with 
diftilled water only, is capable of giving to bitter plants 
their bitternefs, to fweet ones their fweetnefs, to acid 
ones their acidity, to aromatic ones their fpicinefs, and 
to poifonous ones their deleterious qualities ; in fhort, 
why the inherent charafters of plants are more ftrongly 
marked, in proportion as the foil in which they grow 
is furniftxed with natural or mechanical means to pro- 
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Manure, dace a quantity of gas neceffary to the formation of the 
—-~v fubftances on which thofe characters dep.n . 

If a nitrous or marine plant can, even when growing 
in a foil dettitute of nitre or fea-falt, occafion the pro- 
duction of thefe falts, it mull be allowed that inch 
plants would vegetate more flrongly, and contain more 
of fuch falts, if they grew in toils more abounding m 
materials proper to form them. Thus, the different 
fpecies offamphire, glaffwprt, fea-wrack, &c. flounth on 
the borders of the fea, fuch foils being ftrongly impreg- 
nated with the fluids necetfary to form the muriatic gas 
and fea-falt which enter into the competition of thofe 
plants, while the fun-flower, pellitory, &c. fucceed beft 
inearth which is mixed with the ruins of old buildings, 
in which the materials for the production of nitrous 
eras, and even of nitre.itfelf, are very abundant. In fhort, 
the organization of thefe plants is a real elaboiatory for 
forming the forementioned falts. 

Thofe plants which, for their vegetation, require the 
mod afliftance from the foil and manure, are very apt to 
contradf a difagreeable taile, if either the foil or manure 
are capable of fupplying the principles from which it is 
acquired., The clafs tetradynamia, particularly all forts 
of cabbages (which contain fulphur ready formed), 
contract a bad tafte in a foil compofed of mud and 
dung, becaufe thefe fubftances, as they are decompofed, 
furnifh a great quantity of hepatic gas, or of fulphurifed 
hydrogen gas ; yet plants of another clafs may grow in 
the fame foil, clofe by the cabbages, without partaking 
even in the fmalleft degree of the bad tafte of the latter. 
The plants laft mentioned, when growing in hepatic 
gas, retain only fo much of it as is fuflicient for the 
production of the fubftances of which they are formed ; 
the overplus, which could not be afiimilated, is thrown 
out by the excretory veflels, after undergoing thofe 
modifications which the digeftive juices and organiza- 
tion of the plant, and the ftate of the atmofphere, have 
produced. 

Thus we fee that thofe plants which abound moft in 
oily, faline, and mucilaginous principles, are generally 
fuch as require a foil well manured. Tobacco, for in- 
ftance, gives forty pounds of alkaline fait or potafti from 
every hundred weight of afhes : this plant may, by be- 
ing buried in the ground, be converted into a very pow- 
erful manure ; while other plants, which thrive in a 
middling foil, and appear as vigorous, are, in general, 
fuch as have not fo great a quantity of principles in 
their compofition, and when thrown on the dunghill, 
and left to rot, furniih very little manure. From fuch 
obfervations, it may perhaps not be impoffible hereafter 
to judge, by the analylis of a plant, not only whether 
it requires a large or a fmall quantity of manure, but 
like wife what kinds of foil and manure are moft fit to 
promote its vegetation : wild plants alfo may fevve to 
ftiew the nature of the foil which they feem moft to 
flourifh in. 

Befides the phyfical aClion of manures, they have a 
very evident mechanical aClion. When mixed with 
earth, in a certain proportion, they not only render it 
more permeable to water, but the roots of plants can 
with greater cafe acquire their proper fize and form in 
it in other cafes, manures tend to unite that earth 
which is too loofe, and, by rendering it more tena- 
cious, they prevent the water from being loft, and the 
roots from becoming dry. Thofe manures which are 
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called warm are fuited to cold lands, not only becaufe Manure, 
they render them lefs compaft, but alfo becaufe they ‘ * 
take off a part of that moifture which fuch lands always 
have in too great quantity. Cold manures, on the 
other hand, by their vifeid quality, give tenacity to dry 
and hot foils, attraaing and retaining, for a longer 
time, the moifture which comes in theit way. The 
nature of the foil muft therefore determine what kind 
of manure it ftands in need of, and alfo whether culti- 
vating it by means of oxen or by horfes is preferable ; 
for the manures produced from thefe two animals have 
thofe oppolite qualities which we have above deferibed. 
By fuch obfervations, we ftiall perhaps be able to re- 
folve a queftion, refpeaing which the fentiments of 
cultivators in many parts of the kingdom are much di- 
vided. 

It cannot, however, be denied, that the earth is able 
of itfelf to ferve as a bafis and fupport to plants, and 
that it has an aiftion more or lefs evident upon air, up- 
on water, and upon dung. There is a well-known me- 
thod of diftinguiftting clay from other earths ; by mere- 
ly breathing upon it, a fmell is immediately perceived, 
fufficiently ftrong to Ihew that a decompofition and frefh 
combination have taken place. In fummer, after a 
drought of fome days continuance, there always arifes 
in the fields a particular fmell during a (bower of rain 
and there is no kind of vegetable manure which, when 
mixed with earth, does not fend forth a fmell. This- 
proves, that the nature of the foil muft have an influ- 
ence, not only upon air and upon water, but alfo upon 
the effeft of manures ; and that before we fpeak of their 
power, we fiiould always fpecify what kind of earth 
they were applied to ; becaufe when manures and earth 
are mixed together, there enfoes an aftion and reaction 
more or lefs favourable to vegetation. 

Having examined to what degree air and water enter, 
in fubftance, into the veffels of plants, and having (hewn 
that the principal adtion of earth, of falts, and of ma- 
nures, confifts in preparing, elaborating, and decompo- 
fing thefe two fluids, and in giving to the products of 
their decompofition the forms they require, to accom- 
plifh the purpofe of nature in vegetation, our author 
makes fome obfervations upon the particular effects of 
certain fubftances ufed for improving land, fuch as 
marl, lime, chalk, and wood-aihes ; which are ufually 
applied either to an exhaufted foil, in order to reftore 
it, or to a drooping plant, with a view to give it 
ftrength. Of the efficacy of tbefe fubftances no one 
doubts, but it does not appear that we are equally a- 
greed refpedfting their manner of adding. 

Mad (a manure whofe effedfs are well known, and 
which is found to be of the greateft benefit in tbofe 
diftridls where it can be procured in fufficient quantity ) 
is capable of adding in the fame manner as the moft fer- 
tile foil, when the principles of which it is compofed, 
namely, clay, fand, calcareous earth, and magnefian 
earth, are juftly proportioned to each other. But it is 
fometimes compadt and tenacious, becaufe it contains a 
fuperabuudant portion of clay, and at other times po- 
rous and friable, becaufe it contains too much fand, and 
therefore is not in general fit for vegetation by itfelf. 
Thefe confiderations ought always to be our guide 
when we mean to employ marl as a manure. 

It has been fuppofed that to marl was a fort of tech- 
nical expreffion, intended to denote the bringing toge- 
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or fand. It appears to our author, that neither of the 
above operations can properly be called marling ; be- 
caufe, in either cafe, all we do is, to put the foil into a 
Jituation to receive and to profit by the influence of the 
atmofphere, and that of the manures made ufe of. The 
peculiar principle of marl is, that part of it which, like 
lime, a&s very powerfully upon the different aeriform 
fluids, is eafily reduced to powder, effervefces with a- 
cids, and fends forth a quantity of air-bubbles when wa- 
ter is poured upon it. Now this matter, which in a 
particular manner does the office of manure, refides 
neither in clay nor in fand. Upon the proportion of it 
depends the duration of the fertility it produces ; con- 
fequently it is of importance, when we make ufe of 
marl, to know which of its conftituent parts it contains 
in the greateft proportion, otherwife in fome cafes we 
fhould only add one common kind of earth to another. 
Hence our author infers, that for a chalky foil clay is 
the proper manure, and that in fuch a foil a clay bot- 
tom is of more value than a gold mine. 

“ Wood-afhes, as a manure, may be, in fome refpefts, 
compared to marl; at leaft they contain the fame earths 
as thofe which generally enter into the compofition of 
marl, but they contain a greater quantity of faline fub- 
ftances, proceeding from the vegetables of which they 
are the refidue, and from the procefs made ufe of in 
their combuftion ; a procefs which increafes their acti- 
vity, and fhould render us careful in what manner and 
for what purpofes we employ them. Wood-afhes, 
when fcattered over fields , at proper times and in pro- 
per quantities, deftroy weeds, and encourage the vege- 
tation of good plants. But do the afhes produce this 
effeCt: by a fort of corrofive power ? I cannot (fays our 
author) think it ; for in that cafe all kinds of plants 
would indifcriminately be aCled upon by them, and to 
a certain degree deftroyed. 

“ Befides, the afhes of frefh wood are feldom em- 
ployed until they have been lixiviated, in which ftate 
they are deprived of their cauftic principle ; thofe afhes 
which are moft commonly made ufe of for manure are 
produced either from wuaod that has been floated in wa- 
ter, or from turf, or from pit-coal, and contain little or 
no alkaline fait. 

“ It appears much more probable that afhes, when 
laid upon ground, deftroy the weeds by a well-known 
efFeCI, namely, by feizing with eagernefs that moifture 
wffiich ferved to produce thofe weeds, and which in a 
fuperabundant quantity is neceffary to their exiftence 
and fupport. Whereas thofe plants wffiich have a firm- 
er texture and a longer root, which are rendered ftrong 
by age and by having withftood the rigour of winter, 
and which are in faCI the plants of which the fields are 
compofed, do not fuffer any damage from the applica- 
tion of the afhes ; but, on the contrary, by being freed 
from the fuperfluous weeds which ftifled them, and 
robbed them of a part of their fuftenance, they receive 
a quantity of nourifhment proportioned to their wants. 
The ftate of relaxation and langour to which they were 
reduced by a fuperabundance of water, leaves them, the 
foil gets its proper confiftence, and the grafs, corn, ‘&c. 
acquiring the ftrength and vigour which is natural to 
them, foon overcome the mofs, rufhes, and other weeds ; 
thus a good crop, of whatever the field confifts of, is 
produced. It is in the above manner that wood-afhe* aft, 

71 ] man 
whenever in the fpring it is neceffary to apply them to 
meadows, corn-fields, &c. the plants of which are ftifled 
and weakened by a luxuriant vegetation of weeds, the 
ufual confequence of mild and wet winters. 

“ When wood-afhes produce an effeft different from 
wiiat is above defcribed, it is either becaule they hap- 
pen to contain too much alkaline fait, or that they are 
laid on the ground in too great quantity, or that the. 
fields to which they are applied were not fufficiently wet 
to reftrain their action ; for when they are fcattered up- 
on cold foils, and buried by the plough before the time 
of flowing, they are like lime, of great fervice. The laft- 
mentioned fubftance is very efficacious in other circum- 
ftances ; and there is a well-known method of ufing it, 
praftifed by the Germans, as follows : A heap of lime 
is formed by the fide of a heap of poor earth, and wa- 
ter is poured upon the lime ; the earth is then thrown 
over it, and becomes impregnated with the vapours 
which efcape from the lime while it is flaked. The 
earth, after being thus aerated, may be feparated ; and 
although no lime remains mixed with it, is, by the ope- 
ration juft defcribed, rendered capable of giving a luxu- 
riant vegetation to whatever plants may be put into it. 

“ It is poffible, therefore, to aerate earth as well as 
fluids ; for this purpofe, by mixing it with certain fub- 
ftances, during their decompofition, we mull: attach to 
it the principles of which thofe fubftances are compo- 
fed ; from which there refults a matter fo loaded with 
gas, as to form a more compound fubllance, and one 
which has acquired new properties. The Arabians, for 
example, who take great pains to improve their land, 
are accuftomed to make large pits, which they fill with 
animals which happen to die : thefe pits they afterwards 
cover with calcerous or clayey earth ; and after fome 
time thefe earths, which of themfelves are fterile, ac- 
quire the properties of the richeft manures. 

“ The foregoing obfervations may at leaft be confi- 
dered as proving, that thofe fubftances which, when 
employed frefh and in too great quantity, are more pre- 
judicial to vegetation, have, on the contrary, an advan- 
tageous effeft, when they are previoufly made to under- 
go a fermentation ; or when they are mixed with earth 
or water, in a proportion adapted to the end propofed. 
'The grafs of fields in which cattle or poultry go to 
feed, after the firft or fecond crop of hay, appears to be 
dried by the urine and dung of thofe animals ; as if fire 
had been applied to it; whereas thefe fame excrementi- 
tious fubftances, when combined with earth, or diluted 
with water, are capable, without any other preparation, 
of performing the office of good manure. 

“ But if animal fecretions, when applied in fubftance 
to plants, were capable of afting upon them, as is af- 
firmed, in fuch a way as to corrode or burn them, how 
could feed which has been fwallowed, and efcaoed the 
action of the digeftive powers, be prolific when thrown 
out by the animal, after having remained fo long in its 
dung ? yet we often fee oats, fo circumftanced, grow 
and produce feed. It is not more confiftent with ex- 
perience and obfervation to fuppofe, that thefe excre- 
mentitious fubftances, being ftul endowed with animal 
heat, and with an organic motion, diffufe round plants 
in vegetation a deleterious principle or inflammable gas, 
which deftroys them ; for foon after their application, 
the foliage of the plant grows yellow, dries up, and 
the plant withers, uolfts there happens a fhower of rain 
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Mimire. which revives it. When thefe fubftances are diluted, 

u ' V"" * by being mixed with water and earth, they lofe that 
principle which is fo deftrudive to vegetable life, and 
an incipient fermentation augments their power as a ma- 
nure, fo that they may be immediately made uie ot 
without any apprehenfion of injury from their eiTects. 

“ It appears, therefore, that any operation upon ex- 
crementitious fubftances, by which they are dried and 
reduced to powder, cannot be pracliled without depri- 
ving thofe fubftances of a great part of fuch of their 
principles as are eafily evaporated, and upon which their 
fluidity depends ; thefe principles, when diluted with 
water, and confined by being mixed with earth, are ca- 
pable of increafmg the produce of the foil. Such is 
the way in which the hufbandmenin Inlanders make ufe 
of this kind of manure, in the cultivation of a kind of 
rape or cole feed, which is to them a very important 
branch of agricultural induftry and commerce ; and they 
never obferve that the fap carries up any of thofe prin- 
ciples which give fuch manure its offenlive fmell ; nor 
do they obferve, that the fodder produced from fields 
fo manured, whether eaten frefh or dry, is difagreeable 
to their cattle. The excrements of all animals would 
be injurious to plants, if applied too frefh, or in too 
great quantity ; and a gardener could not commit a 
greater fault, than to put more than a certain quantity 
of them into the water he means to make ufe of to wa- 
ter his young plants ; in fhort, this kind of manure is to 
be ufed in a very fparing manner ; and he that is too pro- 
digal of it will find, to hiscoft, that excefs, even of that 
which is otherwife beneficial, becomes an evil. 

“ It muft certainly be allowed, that excrementitious 
fubftances are a very advantageous manure for cold foils, 
and fuited to moft vegetable produftions ; a long expe- 
rience of their effefts over a large tradft of country, and 
the acknowledged intelligence of the Flemifh farmers, 
ought to be confidered as fufficient to overcome the 
prejudice that has been raifed againft-this fort of ma- 
nure. Suppofing that the bad effefts which have been 
attributed to it, when ufed in the ftate in which it is 
taken out of privies, &c. are not the offspring of a pre- 
judiced imagination, they may have arifen from its ha- 
ving been made ufe of at an improper time, or in too 
great quantity ; or from its having been applied to a 
foil and for the cultivation of plants to which it was not 
adapted ; for we know that the excefs of any kind of 
manure changes the fmell and tafte of plants, and the 
fame effetff is produced by watering them too frequent- 
ly. Striking examples of this change are feen in the 
llrawberry and in the violet, when fuch as have grown 
in the woods are compared to thofe produced from 
fome of our over-manured gardens ; alfo in the lettuce, 
and fome other plants, when tiiofe raifed for fale by the 
gardeners about Paris are compared to thofe of fome 
particular kitchen gardens. In the markets of fome 
cities, the carrots, turnips, and potatoes of the fields, 
are preferred to the fame kind of roots cultivated by 
the gardeners (a) ; for though the laft are of a larger 
fize, they have not got fo good a flavour. Some vege- 
tables, theretore, are like certain wild fpecies of the 
animal kingdom ; they refill every kind of culture, as 
thofe animals refill every effort to tame them. 

A. N IJ2 1 M 
<« Although experience has taught the Flemifh far- 

mers, that excrementitious fubllances are more aftive in ^ 
their natural ftate than when dried, yet it cannot be de- 
nied that drying them, and reducing them into powder, 
is fometimes very advantageous ; becauie in that Hate 
they are much lefs offeniive, are ealily tranfported to 
any diftance, and may be ufed when moll convenient or 
moft proper. In many cities the inhabitants pay to 
have their privies emptied : in other places, thofe who 
empty them pay for their contents ; and it would afto- 
nilh any one to be told how great a revenue is produced 
in the city of Lille in Flanders by the fale of this kind 
of manure. I am, however (fays our author), far from 
thinking that it is right, in all cafes, to employ it in 
the above-mentioned ftate of concentration ; it would 
be better, in my opinion, to follow the example of the 
Flemilh farmers, who ufe it the firlt year for the culti- 
vation of plants for oil, or for hemp or flax ; and the 
fecond year for the bell kinds of grain : thus obtaining 
two crops, inftead of one, without any farther prepara- 
tion of the land. What is faid above may be applied 
alfo to the manures produced from the dung of cattle, 
poultry, &c. (particulary to pigeon’s dung, the moft 
powerful manure of its kind), all which, by being dried 
and powdered before they are ufed, lofe a great portion 
of their adlivity. FVom thefe obfervations another fa£l 
may be deduced, namely, that manure ftiould not be 
taken from the place where it has been thrown together 
until the feafon of the year and the Hate of the land are 
fuch that it may be put into the ground as foon as it is 
brought to it. In fome diftricls a very injurious cuf- 
tom prevails of carrying the manure into the fields, and 
leaving it there formed into fmall heaps, expofed for 
fome days to the elements j during which time, either 
the fun or wind dry up its natural mpillure, leaving a 
mafs which is much lefs aftive ; or the rain diffolves and 
carries away the extraftive part impregnated with the 
fait. This kind of brine, which is the moll powerful 
part of the manure, penetrates the earth to a confidera- 
ble depth, and Ihews (by the thick tufts which arife 
in thofe places, and which produce more ftraw than 
grain) that manure ought to be put into the ground as 
foon as it is brought to it, becaufe it then poffeffes its 
full force and effedl, and confequently would be then 
ufed to the greateft advantage. 

“ We have always at hand the means of compofing, 
from a great variety of vegetable and animal fubftances, 
fuch manures as, when brought into a proper Hate, and 
mixed with land, contribute to its fertility. Chemiltry 
alfo offers to us a number of fubftances, which, although 
when ufed feparately they tend to diminilh the fertili- 
fing quality of the earth, are yet capable, by being com- 
bined, of forming excellent manures ; fuch, for initance, 
is that faponaceous combination which is produced 
from a mixture of potalh, oil, and earth. What an 
advantage it would be, if, inftead of being fparing of 
manure, the inhabitants of the country would endeavour 
to increafe the number of thefe refources, and to ren- 
der them more beneficial, by employing them in a more 
effedlual manner. How many years had paffed before 
it was known that the refufe of apples and pears, after 
they are preffed (and which ufed to be thrown away as 

ufelefs)» 

Manure, 

(a) We believe they are univerfally preferable. 
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ufelefs), is capable of forming as valuable a manure, in 
cyder and perry countries, as the refufe of grapes does 
in wine countries.” 

From what has been obferved, our author concludes, 
that manures aft, in many circumftances, like medicines, 
and confequently that the fame fort of manure cannot 
be adapted to every fituation, and every kind of foil ; 
we mult therefore take care to make proper diftinftions 
between them. Whoever lhall pretend that any parti- 
cular kind ot manure may be ufed, with equal benefit, 
in grals-lands corn fields, vineyards, orchards, kitchen- 
gardens, See. ought to be clalfed among thofe quacks 
who undertake to cure all perfons with the fame remedy, 
without any regard to their age, conftitution, Sec. It 
is probably from not having paid fufficient attention to 
the fort-mentioned diftinftions, that feme authors have 
found fault with particular manures, while others have 
fpoken too highly in their favour. He thinks, how- 
ever, and we agree with him, that we are ftill in want 
of a courfe of comparative experiments upon the various 
kinds of manures, confidered according to their influence 
with refpeft to different foils, fituations, and produc- 
tions. If this part of rural oeconomy were better un- 
derftood, we ftiould perhaps fee many places in a ftate 
of cultivation, which, on account of the bad quality of 
their foil, have hitherto refitted all our endeavours to 
render them fertile. 

Perhaps it would not be proper to difmifs this fub- 
jeft without noticing Mr Middleton’s obfervations on 
various kinds of manure, which were publifhed in the 
TVanfaftions of the Society of Arts for the year 1799. 
This gentleman agrees with Mr Parmentier, in recom- 
mending the excrtmentitious matter of privies as the moil 
powerful of all manures on fome kinds of foil ; but he 
differs from him, and we believe from mod writers on 
agriculture, when be affirms, that wood ajhes, when 
fpread on the grafs in February or March, are of very 
little fervice, and that the afhes of coal and even of peat 
are of none upon any kind of land. He likewife affirms 
foot to be of very little value as a manure, foapmakers 
wajle to be of none, or rather to be hurtful ; and he 
feems to confider malt dujl, including the duft from the 
malt-kilns, to be, after the foil of privies, one of the 
moft powerful manures. He affirms, from his own ex- 
perience, that, with refpeft to fertilifing power, the foil 
of privies, compared with farm-yard dung, is in the pro- 
portion of five to one. See more on the fubjeft of 
Manure, under the title Vegetable Substances, 
Chap. 2d. 

MAOUANA, one of that cluftre of Hands in the 
South Sea which were dilcovered by M. Bougainville, 
and by him named Navigator’s Iflands. It was vilited 
by La Peroufe in 1787, who deferibes it as exceeding- 
ly rich in every animal and vegetable produftion neeef- 
fary to the futtenance of man. The two frigates which 
he commanded had no fooner approached the fhore, than 
he difeovered at the bottom of each creek a number of 
villages, from whence came innumerable canoes, laden 
with hogs, cocoa-nuts, and other fruits, which were 
purchafed for glafs ware, ffhis was in the evening;, 
and next morning the commerce was renewed in the 
molt friendly manner. As early as the dawn of day, 
the Handers had furrounded the two frigates with 200 
canoes full of different kinds of provifion, which they 
would exchange only for beads—in their eftimation ^ia- 
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monds of the firft water. Axes, cloth, and all other Maouana. 
articles of commerce, they difdained. Abounding in 
real bleffings, they were defirous of obtaining fuperflui- 
ties alone. 

Two boats, filled with empty caffs, were fent alhore 
for frelh water ; and Peroufe himfelf accompanied them 
in his pinnace. A line of ibldiers was potted between 
the beech and the Indians, who amounted to about 2co, 
including a great many women and children. The 
French commander prevailed upon them all to lit down 
under cocoa trees, that were not more than eight toiles 
diftant from the (hips boats. Each of them had by him 
fowls, hogs, parrots, pigeons, or fruit, and all wilhed 
to fell them at once, which occafioned fome confufion. 

The women, fome of whom were very pretty, offered 
their favours, as well as their fowls and fruit, to all 
thofe who had beads to give them ; and foon tried to 
pafs through the line of foldiers, who oppofed but a 
feeble relitlance to their attempts. Europeans who 
have made a voyage round the world, efpecially French- 
men, have no arms to ward off fimilar attacks. Ac- 
cordingly the fair favages found little difficulty in break- 
ing the ranks ; the men then approached ; and the con- 
fufion was growing general ; when Indians, who feem- 
ed to he chiefs, made their appearance witli fticks in 
their hands, and reftored order, every one returning to 
his poll, and the traffic beginning anew,- to the great 
fatisfaftion of both buyers and fellers. 

While all this was palling with the greatett tranquil- 
lity, and the calks were filling with water, Peroufe 
thought he might venture to the diftance of 200 yards 
to vifit a charming village, fituated in the midft of a 
wood, or rather of an orchard, all the trees of which 
were loaded with fruit. The houfes were placed upon 
the circumference of a circle, ot about 150 toifes in dia- 
meter, the interior forming a vatt open fpace, covered 
with the moft beautiful verdure, and {haded by trees, 
which kept the air delightfully cool. Women, children, 
and old men, accompanied him, and invited him into 
their houfes. They fpread the fineft and frefheft mats 
upon a floor formed of little chofen pebbles, and raifed 
about two feet above the ground, in order to guard a- 
gainft humidity. He went into the handfomett of thefe 
huts, which probably belonged to a chief ; and great was 
his furprife to fee a large cabin of latice-work, as well 
executed as any of thofe in the environs of Paris. The 
beft architect could not have given a more elegant curve 
to the extremities of the ellipfis that terminated the 
budding ; while a row of pillars, at five feet diftance 
from each other, formed a complete colonnade round 
the whole. The pillars were made of trunks of trees 
very neatly wrought, and between them were fine mats 
laid over one another with great art, like the feales of 
a fifli, and drawing up and down with cords, like our 
Venetian blinds. The reft of the houfe was covered 
with leaves of the cocoa palm. 

This charming country combines the advantages of a 
foil fruitful without culture, and of a climate which 
renders clothing unneceffary. The trees that produce 
the bread fruit, the cocoa-nut, the banana, the guava, 
and the orange, hold out to thefe fortunate people as 
abundance of wholefome food ; while the fowls, hogs, 
and dogs, which live upon the furplus of thefe fruits, 
afford them an agreeable variety of viands. What cold 
imagination could feparate the idea of happinefs from 

fo- 
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fa enchanting a place ! But Maouna is not the abode 
of innocence. No arms were indeed perceived ; but the 
bodies of the Indians, covered over with fears, proved 
that they were often at war, or elfe quarrelling among 
themfelves ; while their features announced a ferocity 
that was not perceptible in the countenances of the 
women. Isature had, no doubt, ftamped this charadfer 
on their faces, by way of {hewing, that the half-favage, 
living in a ftate of anarchy, is a more mifehievous being 
than the moll ferocious of the brute creation. 

Of their ferocity and their treachery, Peroufe had 
too fodn the moll complete evidence. M. de Langle, 
the fecond in command, went alhore for frefh water, 
accompanied by fixty Frenchmen, officers, failors, and 
foldiers. They were received with an air of good hu- 
mour by crowds of people waiting on the beach with 
immenfe quantities of fruit and hogs; but this calm was 
of ffiort duration. The Indians picked a quarrel with 
them, pelted them with Hones, thrown with great dex- 
terity and with equal force ; and it was with difficulty 
that, of the fixty-one, forty-nine reached the ffiips, many 
of whom were feverely wounded. Among the killed 
were De Langle, and Lamanon the naturalift (fee La- 
manon in this Suppl.) Peroufe deferibes the men of 
Maouna as of gigantic ftature, and of great mufcular 
ftrength. See Navigators IJlands in this Suppl. 

MASON (the Rev. William) was a man of fuch 
eminence both as a poet and as a fcholar, that a more 
particular account of his life and of his ftudies ffiould be 
publifhed than our fcanty materials enable us to give. 
He was born at Hull, where his father poffelfed the vi- 
carage of St Trinity ; but where he received his fchool 
education we have not been able to learn. At the pro- 
per time he was admitted into St John’s College, Cam- 
bridge ; where he took the degrees of B.A. and M. A. 
and in 1747, he obtained a fellowfhip in Pembroke 
Flail. It was there that he contracted an intimate 
friendfhip with Gray the poet, and with Mr Hurd, now 
Biffiop of Worcefter. When the former of thefe gen- 
tlemen died, Mr Mafon took upon himfelf the office of 
editor of his works and guardian of his fame ; and upon 
the promotion of the latter to the fee of Litchfield and 
Coventry, he expreffed his fatisfa&ion in fome beautiful 
verfes, which we read at the time, but do not recoiled; 
where. 

In 1754 he entered into holy orders, and was pa- 
'tronifed by the then Earl of Holdernefs, who obtained 
for him the appointment of chaplain to the king, and 
prefented him with the valuable redory of Alton in 
York {hire. He was fome time afterwards made precen- 
tor of York Cathedral, when he publiffied a fmall vo- 
lume of church mufic, which has alternately met with 
oppofition and applaufe. In our opinion fome of his 
anthems are unrivalled. 

It was natural for the precentor of a cathedral church, 
who was likewife a poet, to turn his attention to facred 
mufic ; and Mafon had been a poet from his early years. 
His Elfrida and Cciraciacits, two tragedies on the Gre- 
cian model, were both publiffied before the year 1*1 si- 
Pheie two dramas, in the opinion of Dr Hurd, do ho- 
nour to modern poetry, and are, according to him, a 
uimcicnt proof of the propriety of reviving the chorus 
on the Britiffi ftage. In this fentiment few critics, we 
believe, will agree with his Lordffiip ; but the tragedies 
have certainly great merit, and tranfeend perlxaps every 
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poem of the fame cafl; in our own or any other modern Mafon. 
tongue. In the firft, the language is elegant and fweet; ''“■v- 
in the latter, it is daring and iublime. The author him- 
felf always confidered the former as the moft perfeCt ; 
and Johnfon, whofe critical judgment will not be raffily 
quellioned, feems to have been of the fame opinion. 
Johnfon’s partiality to Oxford, as is well known, made 
him embrace every opportunity of turning into ridicule 
Cambridge men and Cambridge poems ; but while he 
boafted of having fpent hours in burlefquing Cara&acus 
for the amufement of his Oxford friends, he confefied 
that Elfrida was too beautiful to be hurt by ridicule. 
The voice of the public, however, feems to give the 
preference to the latter, and to confider it as {landing, 
like Dryden’s celebrated ode, without a rival. In both 
are fentiments and expreffions which would do honour 
to the genius of Shakefpeare ; and Caradtacus, in the 
Greek verfion of Mr Glafs, would not have difgraced 
an Athenian theatre. 

Befides his two tragedies, Mr Mafon publiffied many 
other poems. His Engliffi Garden is univerfally read 
and admired, being unqueftionably the finell poem of 
the kind that has appeared fince the days of Thomfon ; 
though fome have affedled to confider it as treating the 
fubjedl rather with profeffional {kill than with poetical 
genius. That there are in it a few profaic expreffions 
we ffiall not controvert; for fuch feem infeparable from 
didadlic poetry ; but, taken as a whole, where ffiall we 
find its equal ? His elegies, particularly that on the 
death of his wife, and that on the demife of Lady Co- 
ventry, have been generally read and extolled, though 
not more than they deferve, as fuperior in claffic ele- 
gance to any thing of the kind in the Engliffi tongue, 
and expreffing a manlinefs and tendernefs of the pathe- 
tic, rarely found in the moft poliffied elegies of Roman 
writers. The fplendor of genius, and accuracy of judge- 
ment, confpicuous in his dramas, are equally difplayed 
in his charadler as a lyric writer. His quarry was bold, 
and impetuous, and he never fwept the ground with an 
ignominious flight. In his Sappho and Phaon he has 
happily imitated the ftyle of Dryden and Metaftafio ; 
and at his death he was employed on a poem in which 
he propofed to meafure his ftrength with Dryden. 

We have reafon to believe that this ingenious man 
was not only a poet and a mufical performer, but the 
inventor of the faffiionable inftrument the Piano Forte. 
We cannot indeed at prefent bring evidence of this 
fadl ; but we have inftituted fuch inquiries as, we hope, 
{hall enable us to afeertain the truth under the article 
Piano Forte. 

Poetry and mufic, and the duties of his office, mffiht 
be fuppofed to have employed all his time ; but, unfor- 
tunately, he caught the alarm which in 1769 was fpread 
over the nation by the expulfion of Mr Wilkes from 
the Houle of Commons, and immediately enrolled him- 
left among the fupporters of the Bill of Rights. The 
dtcifion of the Houfe, which pronounced Mr Lutteral 
duly elected in oppofition to Mr Wilkes, he confidered 
as a grols violation of the rights of the people ; and 
though he furely did not approve of the condudl of the 
exded member, he joined with other freeholders in 
\ orkfltire in a petition to the king that he would dif- 
iolve the parliament. 

Being now leagued with the oppofition, he joined in 
iome violent clamours for a parliamentary reform. In 

the 
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Mafon. the year i779» when the city of London, and fome 
—\   other commercial towns, agreed to prefent their peti- 

tions to parliament for a more economical expenditure 
of the public money, and a more equal reprefentation 
of the people, Mr Mafon came forward, and took an 
adtive part in promoting thefe defigns, as one who was 
convinced of their importance and neceffity. When 
the county of York affembled, on the 30th of Decem- 
ber 1779, and refolved unanimoufly, “ that a committee 
of correfpondence fhould be appointed, for the effec- 
tually promoting the objeft of the petition then agreed 
to, and alfo to prepare a plan of ajfociation to fupport 
that laudable reform, and fuch other meafures as may 
conduce to reftore the freedom of parliament” he was 
chofen upon the committee, and was confulted with, or 
affiiled in drawing up thofe various high-fpirited refo- 
lutions and addreffes to the public, for which the York- 
fhire committee was fo celebrated ; and which was after- 
wards generally adopted by the other affociated bodies 
of reformers. This part of his condiuft is furely entitled 
to no praife. Thinking as we do of the parliamentary 
reformers, we cannot but regret that a man of Mr Ma- 
fon’s talents and virtues fhould have embarked in their 
dangerous purfuits ; and though we perceived lefs ha- 
zard in thofe purfuits than we do, we fhould ftill confx- 
der them as unfuitable to the charafter of a clergyman. 
Our author, however, was of a different opinion. In 
reply to a cenfure paffed by a dignified clergyman on 
the political conduft of himfelf and fome of his reverend 
brethren, he publifhed, without his name indeed, a fpi- 
rited defence of their proceedings and defigns in fome 
of the country papers. The York committee, too, at 
its next meeting, refolved, “ that a Proteflant, by en- 
tering into holy orders, does not abandon his civil 
rights they alfo refolved, “ that the thanks of the 
committee be given to thofe reverend gentlemen who, 
thus preferring the public good to their own private 
emoluments, have flood forth the firm friends to the 
true interefts of their country.” 

Mr Mafon, however, fhowed, by his fubfequent con- 
.duft, that however earneilly he might wifh for what he 
doubtlefs confidered as an expedient reform in the com- 
mons houfe of Parliament, he was firmly attached to the 
Britifh conllitution. He was indeed a whig; but he was 
a whig of the old fchool. In the beginning of 1 794, 
when the reformers had betrayed the principles of 
French democrates, he deferted them, and ranged him- 
felf under the banners of the fervantsof the crown; and 
for this conducl, which was certainly confiftent, he has 
been plentifully traduced by our Jacobin journaliils as 
an alarmift, who not only defevted his old friends, but 
afcribed to them a certain degree of guilt and political 
depravity. 

The death of this great and good man, which hap- 
pened in April 1797, was occafioned neither by age 
nor by inveterate difeafe. As he was ftepping into his 
chariot, his foot flipped, and his fhin grazed againft the 
ftep. This accident had taken place feveral days before 
he paid the proper attention to it ; and on April the 
3d a mortification enfued, which, in the fpace of forty- 
eight hours, put a period to his life. 

That he was a tcholar and a poet of high eminence 
is univerfally acknowledged ; and we are affured, that 
his poilhumous works, when pubhfhed, will not detradl 
from his living fame. In private life, though he affect- 

ed perhaps too much the faftidious manners of Mr Gray, Mafonry, 
whofe genius he ellimated with a degree of enthufiafrn — 
amounting almofl to idolatry, his character was diftin- 
guifned by philanthropy and the moll fervid friendfhips; 
and he may be confidered as a man who merits to be 
ranked with the ableft fupporters of Britifli liberty and 
Britilh morals. 

Free MASONRY, is a fubjedl which, after the co- 
pious detail given in the Encyclopaedia of its lodges, and 
wardens, and grand mailers, we fliould not have refu- 
med in this place, but to warn our countrymen againlt 
the pernicious fuperllruClures which have been raifed 
by the French and Germans on the fimple fyllem of 
Britifh mafonry. 

Much falfehood is current refpefting the origin and 
antiquity of the mafonic affociations. That the Dio- 
nyfiacs of Afia Minor were a fociety of architeCls and 
engineers, who had the exclufive privilege of building 
temples, lladia, and theatres, under the myllerious tu- 
telage of Bacchus, feems to be unqueftionable. “ We 
are alfo certain, that there was a fimilar trading affocia- 
tion during the dark ages in Chrillian Europe, which 
monopolized the building of great churches and caftles, 
and enjoyed many privileges under the patronage of the 
various fovereigns. Circumftances (fays Dr Robifon), 
which it Would be tedious to enumerate and difcufs, 
continued this affociation longer in Britain than on the 
continent but there is no good evidence, that, ante- 
rior to the year 1648, any man fought admiffion into 
it, who was not either a builder by profefiion, or at 
lead fkilled in the fcience of architeClure. At that pe- 
riod, indeed, Mr Afhmole, the famous antiquary (fee 
Ash mole, Encycl.), Was admitted into a lodge at War- 
rington, together with his father-in-law Colonel Main- 
waring : and thefe are the firll dillindl and unequivocal 
inllances that we have in Britain of men unconnected 
with the operative mafons being received into their my- 
fterious fraternity. The fecrecy, however, of the lodges, 
made them fit places for the meetings of the royalilts ; 
and accordingly many royalilts became free mafons. 
“ Nay, the ritual of the mailer’s degree feems to have 
been formed, or perhaps twilled from its original infti- 
tution, fo as to give an opportunity of founding the 
political principles of the candidate, and of the whole 
brethren prefent. For it bears fo eafy an adaptation to 
the death of the king, to the overturning of the vene- 
rable conllitution of the Englilh government of three 
orders by a mean democracy, and its re-ellablilhment by 
the efforts of the loyalills, that this wrould Hart into 
every perfon’s inind during the ceremonial, and could 
hardly fail to Ihew, by the countenances and behaviour 
of the brethren, how they were affe6led.’, 

This fuppofition receives much countenance from the 
well known fad, that “ Charles II. was made a mafon, 
and frequented the lodges. It is not unlikely, that be- 
lides the amufement of a vacant hour, which was al- 
ways agreeable to him, he had pleafure in meeting with, 
his loyal friends, and in the occupations of the lodge, 
which recalled to his mind their attachment and fervices 
H is brother and fucceffor James II. was of a move feri- 
ous and manly call of mind, and had little pleafure in 
the frivolous ceremonies of mafonry. Fie did not fre- 
quent the lodges. But, by this time, they were the 
refort of many perfons who were not of the profefiion, 
or members of the trading corporation. This circum- 
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Mafonry. ftance, in all probability, produced the denominations 
1 ""'v of free and accepted mafons. A perfon who has the pu- 

vilege of working at any incorporated trade, is faid to 
be a freeman of that trade. Others were accep ed as 
brethren, and admitted to a kind of honorary freedom ; 
as is the cafe in many other trades and incorporations, 
without having, (as far as we can learn for certain) a 
legal title to earn a livelihood by the exercife of it.” 

°It was not till fome years after this period that the 
lodges made open profeffion of the cultivation of gene- 
ral benevolence, and that the grand aim of the fraternity 
was to enforce the exercife of all the focial virtues. 
The dlablifhment of a fund for the relief of unfortu- 
nate brethren did not take place till the very end of the 
lart century ; and we may prefume, that it was brought 
about by the warm recommendations of fome benevolent 
members, who would naturally enforce it by addrefles 
to their affembled brethren. Hence the probable origin 
of thofe philanthropic difcourfes, which are occafionally 
delivered in the lodges by one of the brethren as an of- 
ficial talk. 

The boafted philanthropy of mafons ferves, however, 
another purpofe. The inquiiltive are always prying and 
teazing, eager to difcover the fecrets of their neigh- 
bours ; and hence the brethren are induced to fay, that 
univerfal beneficence is the great aim of the order, for 
it is the only point on which they are at liberty to 
fpeak. They forget, that univerfal beneficence and 
philanthropy are inconfiftent with the exclufive and 
monopolizing fpirit of an affociation, which not only 
confines its benevolence to its own members (like any 
other charitable afibciation), but hoards up in its bofom 
inettimable fecrets, whofe natural tendency, they fay, is 
to form the heart to this generous and kind conduft, 
and infpire us with love to all mankind. The profane 
world cannot fee the beneficence of concealing from pub- 
lic view a principle or a motive which fo powerfully in- 
duces a mafon to be good and kind. The brother fays, 
that publicity would rob it of its force ; and we mult 
take him at his word : and our curiofity is fo much the 
more excited, to learn what are the fecrets which have 
fo fingular a quality, for they mull be totally unlike the 
principles of fcience, which produce their effe£ts only 
when made public. 

From this account of mafonry, it would appear to 
have been at firlt a loyal aflbciation, and as fuch it was 
carried over from England to the continent ; for all the 
mafons abroad profefs to have received their myfteries 
from Great Britain. It was firft tranfported into France 
by the zealous adherents of King James, who, together 
with their unfortunate mailer, took refuge in that coun- 
try ; and it was cultivated by the French in a manner 
fuited to the talle and habits of that highly polilhed 
and frivolous people. To the three Ample Britilh de- 
grees of apprentice, fellonv-craft, and nwjler, they gradu- 
ally added degrees.innumerable, all decorated with liars 
and.ribbons; and into their lodges they introduced the 
impieties and feditious doftrines of Voltaire and the 
other philofophifts. Indeed, if the account which the 
Abbe Barruel gives of mafonry be juft, it mull be ad- 
mitted, that even the fecrets of the moll ancient lodges, 
though in one fenfe harmlefs and juft, are fo expreffed, 
that they may be eafily twilled to very dangerous pur. 
pofes. 1 his author was advanced by a few friends to 
the degree of mailer, without being obliged to take the 
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oath of feerecy ; and being furnilhed with the figns, he Mafonry, 
got admiffion into a lodge, where he heard the fecret 
regularly communicated, with all the ordinary forms to 
an apprentice. “ It would be ufelefs, (fays he), to de- 
feribe the ceremonials and trials on fuch occafions ; for 
in the firft degrees, they are nothing more than the play 
of children. The grand objeft w^as the communication 
of the famous fecret, when the candidate was ordered 
to approach nearer to the venerable. At that moment, 
the brethren, who had been armed with fwords for the 
occafion, drawing up jn twro lines, held their fwords, 
elevated, leaning the points towards each other, and 
formed what in mafonry is called the arch of jleel. The 
candidate pafled under this arch to a fort of altar eleva- 
ted on two Heps, at the furtheft end of the lodge. The 
mailer, feated in an arm chair, or a lort of throne, be- 
hind this altar, pronounced a long difeourfe on the in- 
violability of the fecret which was to be imparted, and 
on the danger of breaking the oath which the candidate 
was going to take. He pointed to the naked fwords, 
which were always ready to pierce the breaft of the 
traitor ; and declared to him that it was impoffible to 
efcape their vengeance. The candidate then fwore, 
“ that rather than betray the fecret, he confented to 
have his head cut off, his heart and entrails torn out, and 
his alhes call before the winds.” Having taken the 
oath, the mailer faid the following words to him : 
“ My dear brother, the fecret of mafonry confifts in 
thefe words, equality and liberty ; all men are equal 
and free; all men are brethren.”. The mailer did not 
utter another fyllable, and every body embraced the new 
brother equal and free. The lodge broke up, and we 
gayly adjourned to a mafonic repaft.” 

In the Britilh lodges, the author admits, that no 
other interpretation is given to this famous fecret, than 
that, as all men are children of one common parent, and 
creatures of the fame God, they are in duty bound 
to love and help each other as brethren ; but lie con- 
tends, that in France it was differently interpreted ; and 
he fupports his opinion by the following arguments : 

On the 12th of Auguft 1792, Louis XVI. wras car- 
ried a prifoner to the tower of the temple, fo called be- 
caufe it formerly belonged to the knights templars. 
On that day, the rebel affembly decreed, that to the 
date of liberty the date of equality Ihould be added in 
future in all public adls ; and the decree itfelf wasdatei 
the fourth year of liberty, the fu ll year and firfl day of 
equality. It was on that day, for the firft time, that 
the fecret of free-mafonry mas made public ; that fe- 
cret fo dear to them, and which they preferved with all 
the folemnity. of the moll inviolable oath. At the 
reading of this famous decree, they exclaimed, “ We 
have at length fucceeded, and France is no other than 
an immenfe. lodge, d he wdiole French people are free 
mafons, and the wdiole univerfe will foou follow their 
example.” 

“ I witneffed (fays our author) this enthufiafm ; I 
heard the converfation to which it gave rife ; I faw ma- 
fons, till then the moll referved, who freely and openly 
declared, ‘ Yes, at length the grand obje6l of free-mafon- 
ry is accomplifhed, equality and liberty ; all men 
are equal and brothers ; all men are free. That was the 
whole fubftance of our dodlrine, the objedt of our 
willies, the whole of our grand fecret /” 

This is a very ferious charge againll the original fe- 
cret 
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1 I fonry, cret of mafonry, as it was underftood in France ; and 
^ ^ though the author does not bring it directly againft the 

fame fecret as underftood in Britain, he yet feems to 
fay, that in a// lodges, the following queftion is put to 
the candidate before he is entrulted with any fecret 
“ Brother, are you difpofed to execute all the orders 
of the grand-mafter, though you were to receive con- 
trary orders from a king, an emperor, or any other fo- 
vereign whatever ?” And as the brother is obliged to 
promife this unlimited obedience, it is eafy to conceive 
how much a traiterous confpiracy may be promoted by 
means of mafon lodges. The allegorical {lory which is 
told at the conferring of the degree of mailer, is capable 
of various and even contrary interpretations ; for though 
in this country it was originally rendered fubferrient to 
the purpofes of the royaliits, in the occult lodges on the 
continent it has been made the vehicle of treafon and 
impiety. , 

When the degree of mafter-mafon is to be conferred, 
the lodge is hung round with black. In the middle is 
a coffin covered with a pall, the brethren (landing round 
it in attitudes denoting forrow and revenge. When the 
new adept is admitted, the mailer relates to him the 
following hillory or fable : 

“ Adoniram preiided over the pavement of the work- 
men who were building the temple of Solomon’s orders. 
They were three thoufand workmen. That each one 
might receive his due, Adoniram divided them into 
three clalfes, apprentices, fellow-crafts, and mailers. 
He entrulled each clafs with a word, figns, and a gripe, 
by which they might be recognifed. Each clafs was 
to preferve the greatell fecrecy as to thefe ligns and 
words. Three of the fellow-crafts, wilhing to know 
the word, and by that means obtain the falary of maf- 
ter, hid themfelves in the temple, and each polled him- 
felf at a different gate. At the ufual time when Ado- 
niram came to (hut the gates of the temple, the firll of 
the three met him, and demanded the ’word of the maf 
ters ; Adoniram refufed to give it, and received a vio- 
lent blow with a Hick on his head. He flies to another 
gate, is met, challenged, and treated in a fimilar man- 
ner by the fecond : flying to the third door, he is kil- 
led by the fellow-craft polled there, on his refufing to 
betray the word. His affaffins buried him under a heap 
of rubbilh, and marked the fpot with a branch of acacia. 

“ Adoniram’s abfence gave great uneafinefs to Solo- 
mon and the mailers. He is fought for every where : 
at length one of the mailers difcovers the corpfe, and, 
taking it by the finger, the finger parted from the hand ; 
he took it by the wrift, and it parted from the arm ; 
when the mailer, in allonilhment, cried out, Mac Benac ; 
which the craft interprets by “ the jlejh parts from the 
bones.” 

“ Left Adoniram fhould have revealed the word, the 
mailers convened and agreed to change it, and to fub- 
ftitute the words Mac Benac; facred words, that free- 
mafons dare not pronounce out of the lodges, and there 
each only pronounces one fyllable, leaving his neighbour 
to pronounce the other.” 

The hiftory finiffied, the adept is informed, that the 
obje6l of the degree he has juft received is to recover 
the word loft by the death of Adoniram, and to revenge 
this martyr of the mafonic fecrecy. The generality 
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of mafons, looking upon this hiftory as no more than a 
fable, and the ceremonies as puerile, give themfelves 
very little trouble to fearch farther into thefe myfte- 
ries. 

Thefe fports, however, affume a more ferious afpedt 
when we arrive at the degree of ele£l (Elu). This de- 
gree is fubdivided into two parts ; the firll has the re- 
venging of Adoniram for its objedl, the other to reco- 
ver the -word, or rather the facred doftrine which it ex- 
preffed, and which has been loft. 

In this degree of cleft, all the brethren appear dref- 
fed in black, wearing a bread-piece on the left lide, on 
which is embroidered a death’s head, a bone, and a 
poignard, encircled by the motto of Conquer or Die. 
The fame motto is embroidered on a ribband which they 
wear in faltier. Every thing breathes death and re- 
venge. The candidate is led into the lodge blindfolded, 
with bloody gloves on his hands. An adept with a 
poignard in his hand threatens to run him through the 
heart for the crime with which he is accufed. After 
various frights, he obtains his life, on condition that he 
will revenge the father of mafonry in the death of his 
alfaffin. He is (hewn to a dark cavern. He is to pene- 
trate into it ; and they call to him, Strike all that fliall 
oppofe you ; enter, defend yourfelf, and avenge our maf- 
ter ; at that price you Ihall receive the degree of eleft. 
A poignard in his right hand, a lamp in his left, he pro- 
ceeds ; a phantom oppofes his paffage ; he hears the 
fame voice repeat, Strike, avenge Hiram, there is his 
affaffin. He ftrikes, and the blood flows.— Strike off 
his head, the voice repeats ; and the head of the corpfe 
is lying at his feet. He feizes it by the hair (a), and 
triumphantly carries it back as a proof of his viftory ; 
Ihews it to each of the brethren, and is judged worthy 
of the new degree. 

Our author fays, that he has queftipned divers ma- 
fons whether this apprenticelhip to ferocity and murder 
had never given them the idea, that the head to be cut 
off was that of kings ; but they all affirmed that fuch 
an idea had never occurred to them till the French re- 
volution had convinced them of the faft. At this in- 
deed we are not furprifed. The affaffin of Hiram is no 
where faid to have been a king ; and why Ihould the 
young eleft have fuppofed, that when ftabbing that af- 
faffin, he was training to be a regicide ? The ceremony, 
however, is certainly ferocious in the higheft degree, 
and obvioully calculated to reconcile the mafons pf the 
occult lodges to the praftice of affaffination at the com- 
mand of their luperiors ; and when it is remembered, 
that they are bound to pay obedience to thofe unfeen 
fuperiors even agaiuft their lawful fovereigns, the atroci- 
ties of the revolutionwould naturally make them interpret 
this (hocking ceremony as it is interpreted by the Abbe. 

It was the fame with refpeft to the religious part of 
this degree, where the adept is at once pontiff and fa» 
crificer with the reft of the brethren. Veiled in the 
ornaments of the priefthood, they offer bread and winet 
according to the order of Melchifedec. The fecret ob« 
jeft of this ceremony is to re-eftablifh religious equality* 
?md to exhibit all men equally pnefts and pontiffs, to 
recal the brethren to natural religion, and to perluade 
them that the religion of Moles and of Chrift had vio- 
lated religious equality and liberty by the diftinftion 

Z of 
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(a) The reader may eafily conceive that this corpfe is no more than a mannikin containing bladders full of ^blood^ 
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of priefts and laky. It was the revolution again which 
opened the eyes of many of the adepts,_ who then owned 
that they had been dupes to this impiety, as they iiad 
been to the regicide efifay in the former part. 

Our author treats the fraternity of the occult lodges 
through the higher degrees of Scotch mafonry, thofe 
of the Roficrucians, and that of the knights Kadofch ; 
and fums up his account in the following terms ; 

<t jn the two firft degrees, that is to fay, in thofe. or 
apprentice and fellow-craft, the fed begins by throwing 
out its equality and liberty.. After that, it occupies 
t he attentionvof its novices with puerile games.of fiater- 
nity or mafonic repafts; but it already trains its adepts 
to the profoundeft fecrecy by the molt frightful oaths. 

“ In that of majler, it relates the allegorical hiftory 
of Adoniram, who is to be avenged ; and of the word, 
which is to be recovered. 

“ In the degree of eleft, it trains the adepts to ven- 
geance, without pointing out the perfon on whom jt is 
to fall. It carries them back to the timd of the pa- 
triarchs,. when, according to them, men knew no reli- 
gion but that of nature, and when every body was e- 
qually prieft and pontiff. But it had not as yet decla- 
red that all religion revealed fince the time of the pa- 
triarchs was to be thrown afide. 

“ This lall myftery is only developed in the Scotch 
degrees. There the brethren are declared free : The 
word fo long fought for is, Deifm ; it is the worfhip of 
Jehovah, fuch as was known to the philofophers of na- 
ture. The true mafon becomes the pontiff of Jeho- 
vah ; and fuch is the gra-nd myllery by which he is ex- 
tricated from that darknefs in which the prophane are 
involved. 

“ In the degree Rofa Crucis, he who wrefted the 
word, who deftroyed the worfhip of Jehovah, is Chrift 
himfelf, the author of Chriftianity ; and it is on the Gof- 
pel and on the Son of Man that the adept is to avenge 
the brethren, the pontiffs of Jehovah. 

“ At length, on his reception as Kadofch, he learns 
that the affaffm of Adoniram is the king, who is to be 
killed to avenge the Grand Mailer Molay, and the or- 
der of the mafons fucceffors of the knights templars. 
The religion which is to be deilroyed to recover the 
word, or the true doftrine, is the religion of Chrift, 
founded on revelation. This word in its full extent is 
equality and liberty, to be eftablilhed by the total over- 
throw of the altar and the throne. 

“ Such are the incipient degrees, the procefs, and 
the whole fyftem of mafonry ; it is thus that the fe£l, 
by its gradual explanation of its twofold principle of 
equality and liberty, of its allegory of the founder of 
mafonry to be avenged, of the word to be recovered, 
leading the adepts from fecret to fecret, at length ini- 
tiates them into the whole Jacobinical code of revolu- 
tion.” 

If this account of mafonry be not greatly exagger- 
ated, what are we to think of thofe men among ourfelves, 
who, fince the publication of the Abbe Barruel’s book 
and Dr Robifon’s, have difplayed a zeal for the propa- 
gation of their myfteries, by which they feemed not to 
be formerly a&uated, and to which the importance of 
the.bufinefs that, by their own account, is tranfadled 
m tne lodges, cannot be thought to bear an adequate 
proportion ? It is not enough to fay that Britiftt ma- 
fonry is harmlefs, and that the equality and liberty taught 
in our lodges are the equality and liberty taught in the 

Matmai, 
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bible. Without direSly queftioning this aflertion, we Mafonry [' 
only beg leave to put our countrymen in remembrance, 
that French and German mafonry, as it was derived 
from Britain, muft have been originally as harmlefs as 
our own ; and to call their attention to the monftrous 
fuperftru&ures of impiety and rebellion which in thefe 
countries have been raifed upon our foundation. Have 
there been no fymptoms of fedition and irtebgion among 
us, fince the commencement of the Trench revolution, 
that we fhould be fo confident that the equality and li- 
berty of our lodges will never degenerate into the equa- 
lity and liberty of the French Jacobins? This cannot 
be faid; for it has been proved, that there are feveral 
occult lodges in Britain ; and what fecurity have we, 
or what fecurity can we receive, that their number {hall 
not increafe ? The legiftature indeed has lately laid fome 
falutary reftraints on the meetings of mafons ; but fuch 
is the nature of thefe meetings, that nothing can effec- 
tually fecure us againft the introdu&ion of the higher 
myfteries, but the voluntary {hutting up for a time of 
all lodges. This has been done by the honeft mafons 
in Germany ; and why may it not be done by the ma- 
fons in Britain ? The fund for the relief of poor brethren 
may furely be managed without fecrecy ; the figns and 
gripe may be communicated without the word, or ex- 
adding a promife of implicit obedience ; and the relhi- 
quiihing of the joys of a focial hour would be no great 
facrifice to the peace of the country. 

But is Britifh mafonry really fo harmlefs as the 
younger mafons wifh us to believe ? The writer of thefe 
refledtions was never initiated in its myfteries, and there- 
fore cannot, from his own knowledge, fay what is their 
tendency ; but he has no hefitation to affirm, becaufe 
he believes himfelf able to demonftrate, that it is grofs- 
ly immoral to promife implicit obedience to unknown 
fuperiors, or to fwear that one will keep inviolate a fe- 
cret, to the nature of which he is an ablolute ftranger. 
He hopes, indeed, and is inclined to believe, that, in 
the decent lodges of Britain, the candidate is affured, 
before he is required to take the oath, that the fecret 
to be communicated, and the obedience which he is to 
pay, militate in no refpedl againft the civil government 
or the religion of his country : but ftill if the iecret 
contain information of value, it is, in his opinion, finful 
to keep it a fecret; and he cannot conceive upon what 
principle a native of Britain can promife unlimited obe- 
dience to any human being. The myfteries of mafonry 
muft relate to fomething which is either important and 
laudable; frivolous, though innocent; or dangerous 
and immoral. To confine to a fedt any information 
which is laudable and important, is furely not to a£t the 
part of genuine philanthropifts ; to adminifter the moft 
tremendous oaths in the midft of frivolous amufements, 

Hs to violate one of the moft facred precepts of our 
holy religion ; and, as no man will pretend to vindi- 
cate dangerous and immoral myfteries, mafonry appears, 
in every point in which it can be placed, an affociation 
which no good Chriftian will think himfelf at liberty to 
encourage. 

MASUAH (See Massuah, Encycl) is in latitude 
15 35’ 5'' north, and in longitude 390 36' 30" eaft of 
Greenwich. On the 22d of September 1769 Mr Bruce 

• found the variation of the needle at Mafuah to be 120 

48 weft. 
MATMAI, or Matsumai, is the largeft of the Kt*- 

rile iflands; and if it be not independent, is tributary 
to 
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^rorga, to Japan. The capital town of the fame name, Matmai, 

• *yow' is fituated on the fea-fhore, on the fouth-weft fide. It 
u was built and is inhabited by the Japanefe. It is a for- 

tified place, furnifhed with artillery, and defended by a 
numerous garrifon. The illand of Matmai is the place 
of exile for perfons of diftinftion at Japan ; it is fepara* 
ted from that empire by only a narrow channel, but 
which is conlideml as dangerous, becaufe the capes, 
which project on both Tides, render the navigation diffi- 
cult. The people are faid to be fenfible to friendffiip, 
hofpitable, generous, and humane. 

MAYORGA (Martin de). See Don Martin, &c. 
in this Suppl. 

MAYOW (John), whofe difcoveries in chemiftry 
have aftoniffied the fcientific part of the public, defend- 
ed, fays Wood, from a genteel family living at Bree in 
the county of Cornwall. His father was probably a 
younger fon, bred to bufinefs ; for our author was born 
in Fleet-ftreet, London, in the pariffi of St Dunftan’s in 
the Weft. At what fchool he received the rudiments of 
his education, a circumftance which the biographers of 
men eminent in the republic of letters ffiould never omit, 
we have not been able to learn ; but on the 27th of 
September 1661, when he had juft completed his 16th 
year, he was admitted a fcholar of Wadham college, 
Oxford. Some time afterwards, on the recommendation 
of Henry Coventry, Efq ; one of the fecretaries of ftate, 
he was chofen a probationer fellow of All-fouls college. 
As Wood informs us that he had here a Legijl’i place, 
an expreffion by which we underftand a law-fellowfhip, 
it is not wonderful that he took his degrees in the civil 
law, though phyfxc and the phyfical fciences were the 
favourite objedls of his ftudy. He was indeed an emi- 
nent phylician, pradliling both in London and in Bath, 
but in the latter city chiefly in the fummer months, till 
the year 1679, when died, fome time during the 
month of September, in the houfe of an apothecary in 
York-ftreet, Covent-Garden, and was buried in the 
church of that pariffi. He had been married, fays 
Wood, a little before his death, not altogether to his 
content ; and indeed he muft have been very difcontent- 
ed, if he chofe to die in the houfe of a friend rather than 
in his own. He publiffied, “ Traclatus quinque medi- 
co phylici, I. De falnitro ; 2. De refpiratione ; 3. De 
refpiratione foetus in utero et ovo ; 4. De motu mufcu- 
lari et fpiritibus animalibus ; 5. De Rachitide.,, Thefe 
were publifhed together in 8vo at Oxford, in 1764 $ but 
there is an addition of two of them, “ De refpiratione,” 
and “ De Rachitide,” publiffied together at Leyden in 
1671. 

The fame of this author has been lately revived and 
extended by Dr Beddoes, who publifhed, in 1790, 
“ Chemical Experiments and Opinions, extracted from 
a work publifhed in the laft century,” 8vo ; in which 
he gives to Mayow the higheft credit as a chemift, and 
afcribes to him fome of the greateft modern difcoveries 
refpeCliug air, giving many extra&s from the three firft 
of his treatifes. His chief difcovery was, that oxygen 
gas, to which he gave the name of Jire air, exifts in the 
nitrous acid, and in the atmofphere ; which he proved 
by fuch deciiive experiments, as to render it impofiible 
to explain how Boyle and Hales could avoid availing 
themfelves, in their refearches into air, of fo capital a 
difcovery. Mayow alio relates his manner of paffing 
aeriform fluids under water, from veflel to veflel, which 
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is generally believed to be a new art. He did not col- 
left dephlogifticated air in veffels, and transfer it from 
one jar to another, but he proved its exiilence by find- 
ing fubflances that would burn in vacuo, and in water 
when mixed with nitre ; and after animals had breathed 
and died with veflels filled with aunofpheric air, or af- 
ter fire had been extinguiffied in them, there was a re* 
fiduum which was the part of the air unfit for refpira- 
tion, and for fupporting fire ; and he further ffiewed, 
that nitrous acid cannot be formed, but by expofmg the 
fubilances that generate it to the atmofphere. Mayow 
was undoubtedly no common man, efpecially fince, if 
the above dates are right, he was only 34 at the time 
of his death. But he was not fo unknown as Dr Bed- 
does fuppofed ; for fince the repetition of the fame dif- 
covery by Prieftley and Scheele, reference has frequent- 
ly been made by the chemifts to Mayow as the original 
inventor ; thus allowing to him a fpecies of merit, to 
which he has perhaps but a doubtful claim, and which, 
if that claim be well founded, muft certainly be ffiared 
between him and Dr Hooke. See Hooke in this Sup- 
plement. 

MEAN, in general. See Encycl. 
Arithmetical Mean, is half the fum @f the extremes. 

So 4 is an arithmetical mean between 2 and 6, or be- 
tween 3 and 5, or between 1 and 7 ; alfo an arithmeti- 

i a h 
cal mean between a and b is ' ~ or 4- a -4- 4 ih A 9 

Geometrical Mean, commonly called a mean propor- 
tional, is the fquare root of the produft ot the two ex- 
tremes ; fo that, to find a mean proportional between 
two given extremes, multiply thefe together, and ex- 
traft the fquare root of the produft. Thus, a mean pro- 
portional between 1 and 9, is j x 9 =: \/ 9 = 3 ; a 
mean between 2 and 4-i is ^2 X 44=2^9 = 3 alfo ; 
the mean between 4 and 6 is v'q x 6 =; >^24 ; and the 
mean between a and b \s ab. 

Harmonical Mean. See Harmonical Proportion, 
Encycl. 

Mean and Extreme Proportion, or Extreme and Mean 
Proportion, is when a line or any quantity is fo divided 
that the lefs part is to the greater, as the greater is to 
the whole. 

Mean Anomaly of a Planet, is an angle which is al- 
ways proportional to the time of the planet’s motion 
from the aphelion or perihelion, or proportional to the 
area defcribed by the radius veftor ; that is, as the 
whole periodic time in one revolution of the planet, is 
to the time paft the aphelion or perihilion, fo is 360° 
to the mean anomaly. See Anomaly, Encycl. 

Mean Conjunction or Oppofition, is when the mean 
place of the fun is in conjunftion, or oppofition, with 
the mean place of the moon in the ecliptic. 

Mean Dijlance of a Planet from the Sun, is an arith- 
metical mean between the planet’s greateft and leaft di- 
ftances. 

Mean Motion, is that by which a planet is fuppofed 
to move equably in its orbit; and it is always propor- 
tional to the time. 

Mean Time w Equal Time, is that which is meafured 
by an equable motion, as a clock ; as dillinguiffied from 
apparent time, ariflng from the unequal motion of the 
earth or fun. 

Universal or Perpetual MEASURE, is a kind 
Z 2 of 

IVLan, 
Meafure. 
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Mechanics, of meafure unalterable by time or place, to which the 
‘ meafures of different ages and nations might be redu- 

ced, and by which they may be compared and eltima- 
ted. Such a meafure would be very ufeful if it could 
be attained ; fince, being ufed at all times, and in all 
places, a great deal of confulion and error would be 
avoided. . i • j-zt 

It has been attempted, at different times and in dnie- 
rent countries, more efpecially by the French, who, 
fince the commencement of their revolutionary govern- 
ment, have laboured hard to obtrude their innovations 
in arts and fcience, as well as in politics, upon all na- 
tions. Propofals, however, have been made by foberer 
men for a ftandard both of weights and of meafures for 
all nations ; and fome of the moft rational of thefe fhall 
be noticed under the word Weights in this Supple- 
merit. 

MECH ANICS.—Our readers will recollect that in 
the article Physics, Encycl. we propofed to diftinguifh 
by the term Mechanical Philofophy that part of natural 
fcience which treats of the local motions of bodies and 
the caufes of thofe phenomena. And, although all the 
changes which we obferve in material nature are accom- 
panied by local motion, and, when completely explain, 
ed, are the effects (perhaps very remote) of thofe pow- 
ers of matter which we call moving forces, and of thofe 
alone, yet in many cafes, this local motion is not ob- 
lerved, and we only perceive certain ultimate refults of 
thofe changes of place. This is the cafe (for example) 
in the folution of a grain of filver in a phial of aquafor- 
tis. In the beginning of the experiment, the particles 
of filver are contained in a fmall fpace at the bottom of 
the phial ; but they are finally raifed from the bot- 
tom, and uniformly diffeminated over the whole fluid. 
If we fix our attention fleadily on one particle, and 
trace it in its whole progrefs, we contemplate nothing 
but a particle of matter a£ted on by moving forces, 
and yielding to their attion. Could we ftate, for every 
fituation of the particle, the diredfion and intenfity 
of the moving force by which it is impelled, we could 
conflruct a figure, or a formula, which would tell us 
the precife direction and velocity with which it changes 
its place, and we could delineate its path, and tell 
the time when it will arrive at that part of the veffel 
where it finally refls in perfedf equilibrium Newton 
having done all this in the cafe of bodies adled on by the 
moving force called gravity, has given us a complete 
fyfiem of mechanical aflronomy. The philofopher who, 
fhall be as fortunate in afcertaining the paths and motions 
of the particles of filver, till the end of this experiment, 
will eftablifh a fyftem of the mechanical folution of fil- 
ver in aquafortis ; and the theorems and formulae which 
ebaradteriie this particular moving force, or this modi- 
fication of force, Hating the laws of variation by a 
change of diftance, will be the complete theory of this 
chemical fad!. It is this modification of moving force 
which is ufually, (but mofl vaguely) called chemical 
affinity, or the elective attraction of fiver and aquafor- 
tis. 

But alas ! we are, as yet, far from having attained 
this perfedtion of chemical knowledge. All that we 
have yet difcovered is, that the putting the bit of filver 
into the fpirit of fait will not give occafion to the exer- 
tion of this moving force : and we exprefs this obferva- 
tion, by calling that unknown force (unknown, becaufe 
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we are ignorant of the law of its adtion) an affinity, an Mecluaig, 
elective attraddion. And we have obferyed many fuch v'—f 
eledfions, and have been able to clafs them, and to tell 
on what occafions they will or will not be exerted ; and 
this fcrap of the complete theory becomes a moll valuable 
acquifition, and the claffification of thofe fcraps a molt 
curious, and extenfive, and important fcience. The 
chemical philofopher has alfo the pleafure of feeing gra- 
dual approaches made by ingenious men to the com- 
phte mechanical explanation of thefe unfeen motions 
and their caufes, of which he has arranged the ultimate 
refults. 

The ordinary chemift, however, and even many moll 
acute and penetrating enquirers, do not think of all 
thefe motions. Familiarly converfant with the refults, 
they confider them as principles, and as topics to rea- 
fon from. They think a chemical phenomenon fuffi- 
ciently explained, when they have pointed out the affi- 
nity under which it is arranged. Thus they afcribe the 
propagation of heat to the expanfive nature of fire, and 
imagine that they conceive clearly how the effedl is 
produced. But if a mathematical philofopher fhould 
fay, “ What is this which you call an expanfive fluid ? 
Explain to me diltindlly, in what manner this property 
which you call expanfivenefs operates in producing the 
propagation of heat."—We imagine that the chemift 
would find himfelf put to a Hand. He will then, perhaps 
for the firft time, try to form a diltindt conception of 
an expanfive fluid, and its manner of operation. He 
will naturally think of air, and will refledt on the manner 
in which air actually expands or occupies more room ; 
and he will thus contemplate local motion and mechani- 
cal prefTure. He will find, too late, that this gives him 
no affiflance ; beeaufe the phenomena which he has been 
accuftotned to explain by the expanfivenefs of fluids 
have no refemblance whatever to what we fee refult 
from the adlual expanfion of air. Experience has made 
him acquainted with many effedls which the air pro- 
duces its expanfion ; but they are of a totally different 
kind from thofe which he thought that he had fufficient- 
ly explained by the expanfivenefs of fire. The only re- 
femblance be obferves is, that the air and the heat, 
which were formerly perceived only in a fmall fpace,. 
now appear in a much larger fpace. The mathemati- 
cian now defires him to tell in what manner he con- 
ceives this expanfivenefs, or this aclual expanfion of air 
or gas. The chemift is then obliged to confider the 
air or gas, as confifling of atoms or particles, which 
mull be kept in their prefent fituation by an external 
force, the molt familiar of all to his imagination, name- 
ly, preffure ; and all preffures are equally fit. Preffure 
is a moving force, and can only be oppofed to fuch an- 
other moving force ; therefore expanfivenefs fuppofes, 
that the particles are under the influence of fomething 
which would feparate them from each other, if it were 
not oppofed by fomething perfeSly of the fame kind. It 
cannot be oppofed by greennefs, nor by loudnefs, nor 
by fear, but only by what is competent to the produc- 
tion of motion ; and it may be oppofed by any fuch 
natural power ; therefore by gravity, or by magnetifm, 
or ele&ricity, or corpufcular attradion, or by an elec- 
tive attra&ion. The chemift, being thus led to the 
contemplation of the phenomenon in its moll fimple 
ftate, can now judge with fome diftin&nefs, what is the 
nature of thofe powers with which expanfivenefs can 

be 
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[echanlcs.be brought to co-operate or combine. And only now 
—v will be able to fpeculate on the means for explaining 

the propagation of heat ; and he will perceive that the 
general laws of motion, and of the adtion of moving 
forces (dodlrines which we comprehend under the title 
of Dynamics, Suppl.), mult be reforted to for a. com- 
plete explanation of all chemical phenomena. 1 he fame 
may be faid of the phenomena perceived in the growth 
of vegetables and animals. All of them lead us ulti- 
mately to the contemplation of an atom, which is cha- 
radterifed by being fufceptible of local motion, and re- 
quires for this purpofe the agency of what we call a 
moving force. 

We would diltinguifh this particular object of our 
contemplation (confilling of two conllituent parts, 
the atom and the force, related, in fadt, to each other 
by conllant conjundtion) by the term mechanism. We 
conceive it to be the charadtereftic of what we call mat- 
ter ; and we would conlider it as the moll fimpie me- 
chanical phenomenon. We are difpofed to think, 
that this moving force is as fimpie and uniform as the 
atom to which it is related ; and we would afcribe the 
inconceivable diverfity of the moving forces which we 
fee around us to combinations of this univerfal force ex- 
erted by many atoms at once ; and therefore modified 
by this combination, in the very fame manner as we 
frequently fee thofe feemingly different moving forces 
combine their influence on a fenfible mafs of tangible 
matter, giving it a fenfible local motion. Having lorm- 
ed fuch notions, we would fay that we do not conceive 
either the atom or the force as being matter, but the 
two thus related. And we would then fay, that what- 
ever objedl of contemplation does not ultimately lead 
us to this complex notion is immaterial ; meaning by 
the epithet nothing more than the negation of this par- 
ticular charadler of the objedl. It is equivalent to fay- 
ing, that the phenomenon does not lead the mind to 
the confideration of an atom adluated by a moving 
force ; that is, moved, or prevented from moving, by 
an oppolite preffure or force. 

Such is the extenfion which the difcoveries of lall 
century have enabled us to give to the ufe of the term 
mechanifm, mechanical adlion, mechanical caufe, &c. 

The Greeks, from whom we have borrowed the term, 
gave it a much more limited meaning; confining it to 
thofe motions which are produced by the intervention 
of machines. Even many of the naturalifts of the pre- 
fent day limit the term to thofe motions which are the 
immediate confequences of impulfe, and which are cafes 
of fenfible motion. Thus the chemift fays, that prin- 
ters ink is a mechanical fluid, but that ink for writing 
is a chemical fluid. We make no objedlion to the dif- 
tindlion, becaufe chemifti^ is really a vaft body of real 
and important fcience, although we have, as yet, been 
able to clafs only very complicated phenomena, and are 
far from the knowledge of its elements. This diftinc- 
tion made by the chemifts is very clear, and very proper 
to be kept in view ; but we fhould be at a lofs for a term 
to exprefs the analogy which is perceivable between 
thefe fenfible motions and the hidden motions which 
obtain even in the chemical phenomena, unlefs we give 
mechanifm a Hill greater extenfion than the effedls of 
percuffion or impulfion. 

Mechanics, in the ancient fenfe of the word, confiders 
®nly the energy of organay machines. The authors who 
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have treated the fubjeft fyftematicaily, have obfervcd, Mecb 
that all machines derive their efficacy from a few fimpie 
forms and dilpofitions, which may be given to that 
piece of matter called the tool ’Opyovov, or machine, which 
is interpofed between the wcikman or natural agent, 
and the talk to be performed, which is always fome- 
thing to be moved, in oppofition to refilling pref- 
fures. To thofe fimpie forms they have given the name 
of mechanical powers, fimpie powers, Ample ma- 
chines. 

The machine is interpofed for various reafons. 
1. In order to enable a natural power, having a cer- 

tain determinate intenlity, which cannot be increafed, 
to balance or overcome another natural power, ailing 
with a greater intenfity. For this purpofe a piece of 
folid matter is interppfed, conneiled in fuch a manner 
with firm fupports, that the preffure exerted on the im- 
pelled point by the power occafions the excitement of 
a preffurt at the working point, which is equal orfupe- 
rior to the refiftance, ariiing from the work, to the mo- 
tion of that point. Thus, if a rod three feet long be 
fupported at one foot from the end to which the refift- 
ance of two pounds is applied, and if a preffure of one 
pound be applied to the other end of the rod, perpen- 
dicular to its length, the cohefive forces which council, 
the particles of the rod will all be excited, in certain 
proportions, according to their fituation, and the fup- 
ported point will be made to prefs on its fupport as 
much as three pounds would prefs on it ; and a pref- 
fure in the oppoiite direilion will be excited at the work- 
ing point, equal to the preflure of two pounds. The 
refiftance will therefore be balanced, and it will be over- 
come by increafing the natural power ailing on the 
long divifion of the rod. This is called a lever. 
Toothed wheels and pinions are a perpetual fucceffioa 
of levers in one machine or mechanical power. 

2. The natural power may ail with a certain veloci- 
ty which cannot be changed, and the work requires to 
be performed with a greater velocity. A machine is 
interpofed, moveable round a fixed fupport, and the 
diftances cf the impelled and working points are taken 
in the proportion of the two velocities. Then are we 
certain, that when the power adls with its natural ve- 
locity, the working point is moving with the velocity 
we defire. 

3. The power may adl only in one unchangeable di- 
rection, and the refiftance mull be overcome in another 
direction. As when a quantity of coals mull be brought 
from the bottom of a pit, and we have no power at 
command but the weight of a quantity of water. We 
let the water pull down one end of a lever, either im- 
mediately or by a rope,' a:nd we hang the coals on the 
other end, while the middle point is firmly fupported. 
This lever maybe made perpetual, by lapping the ropes 
round a cylinder which turns round an axis firmly fup- 
ported. This is a fixed pulley. We can fet une- 
qual powers in oppofition, by lapping each rope round 
a different cylinder, having the fame axis. This is a 
windlass or GIN. All thefe forms derive their energy 
from the lever virtually contained in them. 

Any of thefe three purpofes may be gained by the 
interpofition of a folid body in another way. Inftead 
of being fupported in one point, round which it is move- 
able, it may be fupported by a folid path, along which, 
it is impelled, and by its lhape it thrufts the refilling 
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This is the cafe with the wedge taught as a mechanic power of great efficacy by the 

~ Piofeffor of Natural Philofophy at Edinburgh every 
feffion of the college for thefe twenty years paft, but 
he never thought of putting it in practice. It forms 

Mechanics, body out of its way. 
11 v"nn"-' when it is employed to force up a fwagging joift, or piefs 

things ftrongly together. If this wedge be lapped or 
formed round an axis, it becomes a screw or a spiral 
wiper. This is alfo the operation of the balance wheel 
of a horizontal or cylinder watch. The oblique face of 
the tooth is a wedge, which thrufts the edge of the cy- 
linder out of its way. The pallet of a clock or wtitch 
is alfo a w-edge, afted on in the oppofite diredtion. 

Thefe are the different forms in which a folid body 
is interpofed as a mechanic power. All are reducible to 
the lever and the wedge. 

But there are other mechanic powers befides thofe 
now mentioned. The carmen have a way of lowering 
a calk of liquor into a cellaiy by palling a rope under 
it, making the end fall to fome ftake clofe to the 
ground, and bringing the other dnd of the rope round 

. the cade, and thus letting it flip down in the bight of 
the rope. In this procefs they feel but half of its weight, 
the other half being fupported by the end of the rope 
that is fallened to the flake. This is called a par- 
buckle by the feamen. A hanging pulley is quite the 
fame with this more artlefs method. The weight 
hangs by the axis of the pulley, and each half of the 
hanging rope carries half of the weight, and the perfon 
who pulls one of them upwards adls only againll half 
of the weight, the other being carried by the hook to 
which the Handing rope is fallened. This mechanical 
power does ndt (as is commonly imagined) derive its 
efficacy from the pulley’s turning round an axis. If it 
were made fall, or if the tackle rope merely palled 
through a loop of the rope which carries the weight, 
it would Hill require only half of the weight adting on 
the running rope to balance it. The ufe of the motion 
round an axis is merely to avoid a very great fridlion. 
When the two hanging parts of the rope are not paral- 
lel, but inclined in any angle, the force neceffary for ba- 
lancing the weight is to the weight as the fide is to the 
diagonal of the parallelogram formed by the diredlions 
of the three ropes. Varignon calls this the funicular 
machine or powrer. Our bailors call it the swigg. 

We may employ the quaqua verfum preffure of fluidi- 
ty with great effedt as a mechanic power. Thus, in the 
hydrollatic bellows deferibed by Gravefande, $ 1451, 
and by Defaguilliers, the weight of a few ounces of 
water is made to raife feveral hundred pounds. In like 
manner, Dr Wallis of Oxford, by blowing with a pipe 
into a bladder, raifed 64 pounds lying on it. Otto Gue- 
ricke of Magdeburgh made a child balance, and even 
overcome, the pull exerted by the emperor’s fix coach 
horfes, by merely fucking the air from below a pillon. 
Mr Bramah, ironmonger in Piccadilly, London, has 
lately obtained a patent for a machine adling on this 

*See Ma- principle as a prefs *. A pillon of one-fourth of an inch 
chinehy in diameter, forces water into a cylinder of 12 inches 

diameter, and by this intervention raifes the pifton of 
the cylinder. A boy, adling with the fourth part of 
his llrength on the fmall pillon by means of a lever, 
lakes 42 tons, or 94,080 libs, preffing on the great pi- 
Hon. It is very furprifing, that this application of the 
quaqua %'erfum preffure of fluids has been overlooked for 
more than a century, although the principle has been 
inculcated and leftured on by every itinerant teacher, 
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moll compendious machine of prodigious powder, and is 
fufceptible of the greatell llrength, If the fame mul- 
tiplication of power be attempted by toothed wheels, 
pinions, and racks, it is fcarcely poffible to give llrength 
enough to the teeth of the racks, and the machine be- 
comes very cumberfome and of great expence. But 
Mr Bramah’s machine may be made abundantly llrong 
in very fmall compafs. It only requires very accurate 
execution. We give it all praife ; but Mr Bramah is 
miftaken when he publilhes it as the invention or difeo- 
very of a new mechanic power : for it has been fami- 
liar to every Undent of mechanics and hydroftatics ever 
fince Boyle’s firlt publication of his hydrollatic para- 
doxes. 

MEDICAL Jurisprudence. See Mf.dicina Fo- 
renfis in this Suppl. 

MEDICI, is the name of an illullrious family in Flo- 
rence, which contributed more than perhaps any other 
family whatever to the revival of letters in Europe. To 
trace this family from its origin, or even to give bio- 
graphical fketches of all the great men wdiom it produ- 
ced, would occupy by far too great a part of our work; 
for, during fome centuries, almoll every individual of 
the houfe of Medici wras dillinguilhed among his con- 
temporaries. That houfe, after having rendered itfelf 
memorable in the annals of Florence, for oppofing the 
encroachments of the nobles on the liberties of the 
people, had loll much of its influence under the arifto- 
cratic government of the Albizi, when it wTas raifed to 
a rank fuperior to what it had ever held, by 

Giovanni de Medici^ who was born in the year 1360. 
This man determined to rellore his family to fplendour ; 
but, confcious of his critical fituation, furrounded as 
he was by powerful rivals and enemies, he affedled ra- 
ther a fecure privacy than a dangerous popularity. E- 
ven when raifed to the office of gonfalonier, or genera- 
liffimo of the republic, he carefully avoided any defire 
of partaking in the magiftracy, and feemed to be entirely 
engroffed by merchandize, which he extended from the 
Eail throughout Europe. This conduft, as on one 
hand it threw his enemies off their guard, on the other, 
enabled him to acquire an immenfe fortune, of which he 
made a proper difpofition amongll all ranks of people. 

Many, even of the ruling party, either gained by his 
liberality, or pleafed with his amiable and retired con- 
dudl, propofed to the feigniory to admit him into the 
magillracy ; and though the propofal met with great 
oppofition, it was carried in the affirmative. 

It was by ralhly declaring .for the plebeians againll 
the nobles that an ancellor of Giovanni’s had loll to 
his family their rank in the Hate. Giovanni, refolving 
not to fplit on the fame rock, continued to affedl priva- 
cy and retirement, accepting any office in the Hate with 
the utmoff appearance of reluctance, and never attend- 
ing at the Palazzo, unlefs particularly fent for by the 
feigniory. Riling by thefe means in the efleem of the 
people, his enemies became, of courfe, unpopular ; and 
having obtained a decided fuperiority over his oppo- 
nents, he now ventured to procure, that thofe taxes 

^vhoVe exPerImtnts of . which the nobles had exuded with the utmoll feverity 
^ c 4 ^ t‘u‘0 ’ na7> 11 has been exprefsly and partiality from the people alone, Ihould be levied 

upon 
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upon the two firft: orders, in common with the plebei- 
ans ; and that a law fhould be ordained, by which per- 
fonal property might be taxed. 

The nobles feeing, with the deepeft concern, their 
confeqence fo fenfibly wounded, and their power fo 
much diminilhed, held feveral confultations in private 
how they might effe& his ruin ; but their want of una- 
nimity prevented any thing decifive from being carried 
into execution. The people, alarmed for the fafety of 
their leader and patron, offered him the fovereignty, 
which his relations and friends urged him to accept ; 
but this his prudence forbad him to take, as with the 
title of lord he would have gained that alfo of tyrant. 
Thus, by his lingular prudence he died poffeffed of all 
the power of the flate, with the aflfe&ation of being the 
moft difmterefted citizen in the commonwealth. His 
death happened in the year 1428. 

Giovanni was graceful in his perfon, and his affability 
to all ellablifhed his character for moderation. His ex- 
tenlive knowledge and jpleafantry made his company ea- 
gerly fought. As all his adtions were placid and ferene, 
he was not in want of that trumpet of fedition, popular 
declamation, which he never attempted. Much to his 
honour, his elevation was not procured even by the ba- 
nifhment of a fingle individual ; & circumflance until 
then unknown in Florence, where every new adminiftra- 
tion was marked with the ruin of families, and by fcaf- 
folds ftained with blood. 

“ The maxims (fays Mr Rofcoe) which, uniformly 
purfued, raifed the houfe of Medici to the fplendour 
which it afterwards enjoyed, are to be found in the 
charge given by this venerable old man, on his death- 
bed, to his two fons Cofmo and Lorenzo. ‘ I feel 
(faid he) that I have lived the time prefcribed me. I 
die content, leaving you, my fons, in affluence and in 
health, and in fuch a flation, that, whiift you follow my 
example, you may live in your native place honoured 
and refpedfed. Nothing affords me more pleafure than 
the reflection, that my conduft has given offence to no 
one ; but that, on the contrary, 1 have endeavoured to 
ferve all perfons to the befl of my abilities. I advife 
you to do the fame. With refpedt to the honours of 
the ftate, if you would live with fecurity, accept only 
fuch as are bellowed on you by the laws, and-the fa- 
vour of your fellow-citizens ; for it is the exercife of 
that power which is obtained by violence, and not of 
that which is voluntarily given, that occalious hatred 
and contention.” 

Medici (Cofmo de), the eldefl fon of the preceding, 
was born in 1389. Luring the life-time of his father, 
he had engaged himfelf deeply, not only in the exten- 
hve commerce by which the family had acquired its 
wealth, but in the weightier matters of government. 
When Giovanni died he was in the prime of life ; and 
though his complexion was fwarthy, he had an agreea- 
ble perfon, was well made, of a proper flature, and in 
converfation united a happy intermixture of gravity 
with occalional fallies of pleafantry and repartee. His 
conduct was uniformly marked by urbanity and kind- 
nefs to the fuperior ranks of his fellow-citizens, and by 
a conflant attention to the interefts and the wants of 
the lower clafs, whom he relieved with unbounded ge- 
nerofity. By thefe means he acquired numerous and 
zealous partizans of every denomination ; but he rather 
confidered them as pledges for the continuance of the. 

power which he poffeffed, than as inftruments to be em- 
ployed in extending it to the ruin and fubjugation of 
the ftate. An interchange of reciprocal good offices 
was the only tie by which the Florentines and the Me- 
dici were bound ; and perhaps the long continuance of 
this connexion may be attributed to the very circum- 
ftance of its being in the power of either of the parties 
at arty time to have diffolved it. 

But the prudence and moderation of Cofmo could 
not reprefs the ambitious defigns of thofe rival families, 
who wifhed to poffefs or to fhare his authority. In the 
year 1433, Rinaldo de Albizi, at the head of a power- 
ful party, carried the appointment of the magiftracyu 
At that time Cofmo had withdrawn to his feat in the 
country, to avoid the difturbances which he faw likely 
to enfue ; but at the requeft of his friends he returned 
to Florence, where he was led to expedt fuch a union 
of parties, as might at leaft preferve the peace of the 
city. No fooner did he make his appearance in the pa- 
lace, where his prefence had been requefted, on pretence 
of his being intended to fhare in the adminiftration of 
the republic, than he was feized upon by his adverfa- 
ries, and committed to prifon. 

The confpirators were divided in their opinions as to 
the difpofal of their prifoner. Moft of them inclined 
to follow the advice of Peruzzi, who recommended ta- 
king him off by poifon. Cofmo, confined in the Al- 
berzettino, a room in one of the turrets of the Palazzo, 
could hear this dreadful eonfultation, which was deter- 
mining, not in what manner he fliould be tried, but ia 
what manner he fhould be put to death ; and finding 
that he was to die by an infulion of poifon fecretly ad- 
miniftered to him, a fmall portion of bread was the on- 
ly food which he thought proper to take. 

Cofmo lived in this manner four days; and, fhut up 
from all his kindred and friends, he foon expedled to be 
numbered with the dead ; but here, as it fometimes 
happens, he found relief where leaft expedled, from the 
man who had been engaged to take him off. Malavol- 
ta, the keeper of the prifon, either from compumftion, 
diffatisfaction, or the youth and misfortunes of the il- 
luftrious fufferer, relented ; and inftead of purfuing any 
criminal intentions againft the life of Cofmo, after up- 
braiding him with entertaining fo unworthy an opinion 
of him, declared that his fears were entirely groundlefs. 
To convince him of this, he fat down, and partook of 
every thing the prifoner chofe to eat of. The expref- 
fions of gratitude, together with his moll engaging 
manners, and great promifes, entirely won Malavolta, 
who, to ingratiate himfelf ftill farther in the good opi- 
nion of Cofino, invited Fargaccio, the moft celebrated 
wit in Florence, to dine with him the next day, from, 
the idea that his fprightly mirth would contribute to 
lighten his misfortunes. 

In the mean time, his brother Lorenzo, and his cou- 
fin Averardo, having raifed a confiderable body of men 
in Romagna and other neighbouring diftridts, and be- 
ing joined by the commander of the troops of the re- 
public, approached towards Florence to his relief. The 
apprehenlion, however, that the life of Cofmo might 
be endangered, if they fhould proceed to open violence, 
induced them to abandon their enterprife. At length 
Rinaldo and his adherents obtained a decree of the ma- 
giftracy, by which Cofmo was banilhed to Padua for 
ten years, his brother to Venice for five years ; and fe- 

veral 
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Mediei. veral of their relations and adherents (hared the fame 

Cofmo received this determination of his judges with 
a compofure that gained him the compaffion and the 
admiration of many of his moil inveterate enemies, fie 
would gladly have left the city purfuant to his fentence ; 
but he was detained by his enemies till their authority 
fhould be eftablidled : and it was not till he thought of 
bribing the gonfalonier, and another creature of Rmal- 
do’s, that he was privately taken from his confinement, 
and conducted out of Florence. 

Padua, to which he' was confined by his fentence, 
was in the dominions of Venice ; but before he could 
reach that place, he received a deputation from the fe- 
nate, the purport of which was to condole with him for 
his misfortunes, and to promife him their protection and 
affiftance in whatever he fhould defire. He experienced 
the treatment of a prince rather than that of an exile. 
Nor were that wife people without good reafons for fuch 
a condudt. Venice had long regarded Florence as her 
rival in commerce, and hoped, by conferring upqn Cof- 
mo the moft flattering diftindions, to prevail upon him 
to refide there in future ; prudently fuppofing that the 
manufa&ories of Florence, and the great commerce the 
Medici had carried on throughout Italy, and extended 
far beyond it to the wealthieft kingdoms in Europe, 
would become their own by enrolling him amongft their 
fubje&s. 

The readinefs with which Cofmo had given way to 
the temporary clamour raifed againlt him, and the re- 
lu&ance which he had (hewn to renew thofe rencounters 
which had fo often deluged the ftreets of Florence with 
blood, gained him new friends, even during his exile. 
The utmoft exertions of his antagonifls could not long 
prevent the choice of fuch magillrates as were known 
to be attached to the caufe of the Medici ; and no (bon- 
er did they enter on their office than Cofmo and his 
brother were recalled, and Rmaldo with his adherents 
were compelled to quit the city. This event took place 
about a year after the baniffiment of Cofmo. 

The fubfequent conduct of this great man (for great 
all allow him to have been) has beetr painted in differ- 
ent colours by different writers. Mr Noble, after Ma- 
chieval, compares his cruelties to his fallen foes with 
thofe of Sylla and Oftavius to the partizans of Marius 
and Brutus ; whilft Rofcoe reprefents his conduit as in 
a high degree amiable and generous. It appears to us 
evident, from his own words, that he had exercifed fome 
cruelties on his exiled enemies ; for when one of them 
wrote to him, that “ the hen was hatching,” he replied, 
“ She will have but a bad time of it, fo farfrom her nelt.” 
When fome other exiles acquainted him that “ they were 
not afleep,” he anfwered, “ he could eafily believe that, 
for he thought he had fpoiled their deeping.” At ano- 
ther time, fome of the citizens remonllrated with him 
upon the odioufnefs of his conduct in banifhing fo many 
perfons ; telling him “ the republic would be extremely 
weakened, and God offended, by the expulfion of fo 
many good and pious men as he was fending intobanifh- 
ment.” His anfwer was, “ it would be better for the 
republic to be weakened than utterly ruined ; that two 
or three yards of fine cloth made many a one look like 
a good man : but that dates were not to be governed 
or maintained by counting a dring of beads, andmunab- 
ling over a few Pater noJlersP 

] MED 
From this time the life of Cofmo de Medici was an Medici, 

almod uninterrupted feries of profperity. His misfor- v~— 
tunes had taught him, that the afibaation of grandeur 
is more dangerous in a free date than ufurpation. He 
adopted, therefore, the drefs, behaviour, and manneis, 
of a private citizen. His clothes were of the fame 
faffiion and materials as the red of the Florentines. Iq 
the dreets he walked alone and unguarded. His table 
was fupplied from what his ellate of Mugello produced, 
nor had he one fervant more than was abiolutely necef- 
fary ; thus endeavouring to unite the character of a 
prince with that of a merchant, and a private perfon in 
a republic. 

Whild he rejeded all offices in the magidracy, no 
bufinefs was tranfa&ed without its being fird fettled at 
Mugello : nor did he contract any alliances but with 
the fons and daughters of the citizens of Florence ; yet 
all foreign princes and courts paid his children the re- 
fpecd due only to thofe of fovereigns ; and the family 
of Cofmo received educations equal to thofe of the 
greated potentates. 

A proper judgment may be formed of his (mmenfe 
traffic, and the prodigious advantages accruing from it : 
For though a private citizen of Florence only, yet he 
poffefled at one time more money than what was in all 
the treafuries of the different fovereigns in Europe. 
When Alfonfo king of Naples leagued with the Vene- 
tians againd Florence, Cofmo called in fuch immenfe 
debts from thofe places, as deprived them of refources 
for carrying on the war. During the conted between 
the houfes of York and Lancader, he furnilhed Edward 
IV. with a fum of money fo great, that it might almod 
he confidered as the means of fupporting that monarch 
on the throne. 

In his public and private charities, in the number and 
grandeur of the edifices he erefted, not only in Flo- 
rence, hut in the mod didant parts of the world, and 
in the foundations which he endowed, he feemed to 
more than vie with majedy. He fupplied mod of the 
exigencies of the date from his private purfe ; and there 
were few citizens that had not experienced his liberality, 
and many without the lead application, particularly the 
nobles. 

But in nothing did his munificence produce fo much 
good to the world, or acquire fuch honour to himfelf, 
as when it was exerted for the promotion of fcience, 
and the encouragement of learned men ; and upon no- 
thing did Cofmo delight fo much to exert it. The dudy 
of the Greek language had been introduced into Italy 
towards the latter part of the preceding century ; but 
it had again fallen into negleft. After a (hort interval, 
an attempt was made to revive it, by the intervention 
of Emanuel Chryfoloras, a noble Greek, who taught 
that language at Florence, and other cities of Italy, a- 
bout the beginning of the 15 th century. His difciples, 
who were numerous and refpe£table, kept the flame 
alive till it received new aid from other learned Greeks, 
who were driven from Condantinople by the dread of 
the Turks, or by the total overthrow of the Eadern 
Empire. To thefe illudrious foreigners, as well as to 
the learned Italians, who ffiortly became their fuccetsful 
rivals, even in the knowledge of their national hidory 
and language, Cofmo afforded the mod liberal fupport 
and protection. The very titles of the works of an- 
cient authors, which were brought to light by his mu- 

nificence, 
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fedid. mfieence, would extend this article beyond its proper li- Ficino, and enjoined him to tranflate from the Greek Medici, 
-v mits. Such, indeed, was the eftimation in which thefe the treatife of Xenocrates on death. Calling into his v— 

works were then held in Italy, that a manufeript of the chamber his wife and his fon Piero, he entered into a 
hillory of Livy, fent by Cofmo de Medici to Alfonfo narrative of all his public tranfa&ions ; in which he gave 
king ot Naples, with whom he was at variance, conci- a full account of his extenfive mercantile connections, 
liated tne bleach between them. and adverted to the Hate of his domeftic concerns. Lo 

As the natuial dilpofition of Cofmo led him to take Piero he recommended a ftndt attention to the educa- 
an active part in collecting the remains of the ancient tion of his fons ; and requefted, that his funeral might 
Gieek and Roman writers, fo he was enabled by his be conducted with as much privacy as poflible. He 
wealth, and by his extenfive mercantile intercourfe with died on the firft of Augult 14.64, at the age of 75 
different paits ot Europe and of Alia, to gratify a pafiion years, deeply lamented by a great majority of the citi» 
of tiiis kind beyond any other individual. To this end zens of Florence. Their elteem and gratitude had in- 
he laid injunctions on all his friends and correfpondents, deed been fully (hewn fome time before, when, by a 
as well as on the miffionaries and preachers who travel- public decree, he was honoured wdth the title of Pater 
led into the remotell countries, to fearch for and pro- Patriie, an appellation which was inferibed on his tomb; 
cure ancient manuferipts, in every language, and on and which, as it was founded, fays Rofcoe, on real me- 
every fubjeCt. The fituation of the Eaftern Empire, rit, has ever fince been attached to the name of Cofmo 
then falling into ruins, afforded him an opportunity of de Medici. 
obtaining many ineftimable works in the Hebrew, Greek, Medici (Lorenzo de), juflly ftyled the magnificent^ 
Chaldaic, Arabic, and other eaftern languages. From wTas the grandfon of Cofmo, and about 16 years of age 
thefe beginnings aroie the celebrated library of the Me- when his grandfather died. His father Piero de Medi- 
dici ; which, after various viciffitudes of fortune, and ci, though poffeffed of more than ordinary talents, as 
fiequent and confiderable additions, has been preferved well as of a very confiderable fhare of worth, was, from 
to the preient times under the name of the Bibliotheca various circumftances, little qualified to maintain the in- 
Mediceo Laurentiana. fluence which his family had gained in the republic of 

t Hor w’as Cofmo a mere colleftor of books, he was Florence. From very early life he had been tortured 
himfelf, even in old age, a laborious Undent. Having by the gout ; and almoft uninterrupted pain had made 
been^ ftruck with the fublime fpeculations of Plato, him peevifh. Such a difpofition was not calculated to 
whicn he had heard detailed in ledfures by a Greek retain the affedlions of the giddy Florentines, or to per- 
monk, woo had come from Conftantinople to the coun- fuade republicans that they were free, while they fub- 
cil of Florence, he determined to found an academy for mitted to the government of a fingle individual. All 
the cultivation of that philofophy. For this purpofe he this Cofmo had forefeen, and had done w'hat wifdom 
feledled Marlilio Ficino, the fon of his favourite phyfi- could do to preferve to his family that afcendency in 
clan, and deftined him, though very young, to be the the republic which he had himfelf acquired. He ex- 
fupport of his future eftabliftiment. The education of horted Piero to beftow the utmoft care on the educa- 
Ficino was entirely diredled to the Platonic philofophy ; tion of his fons, of whofe capacity he expi;effed a high 
nor were the expedtations which Cofmo had formed of opinion ; he recommended to him Hiotifalvo Neroni, 
him difappointed. The Florentine academy was fome a man whom he had himfelf raifed from obfeurity to an 
years afterwards eftabliftied with great credit, and was eminent rank, as acounfellor, in whofe wifdom and fide- 
the fiift inftitution in Europe for the purfuit of fcience, lity he might place the utmoft confidence : and to bind 
detached from the fcholaftic method then univerfally the inhabitants of Florence to the houfe of Medici by 
adopted. It is true, the fanciful dodtrines of Plato are the ftrongeft of all ties, he had diftributed among them, 
as remote from the purpofes of life as the fubtleties of under the denomination of loans, immenfe fums, which 
Ariftotle ; but, by dividing the attention of the learned he knew they would not foon be able to repay, 
between them, the dogmas of the Stagyrite were depri- Piero paid the utmoft deference to the dying injunc- 
ved of that fervile refpedt which had fo long been paid tions of his father. He had himfelf an ardent love of 
to them, and men learned by degrees to think for them- letters ; and under the eye of the venerable Cofmo, he 
lelyes. had gjven his two fons, Lorenzo and Juliano, the belt 

The hollering hand of Cofmo was held out to art as poflible domeftic education. In the Greek language, 
well as to fcience ; and architedlure, fculpture, and in ethics, and in the principles of the Ariftotelian phi- 
painting, all flourilhed under his powerful prote&ion. lofophy, Lorenzo, the eldeft, had the advantage of the 
I he countenance fhewn by him to thefe arts was not precepts of the learned Argyropylus (a), and in thofe 
fuch as their profeffors generally receive from the great, of the Platonic fe£l he was feduloufly inftrufted by 
It was not conceded as a bounty, nor received as a fa- Marlilio Ficino (fee Ficinus, Encycl.); but for his moil 
vour, but appeared in the friendfhip and equality that valuable accomplifhments he was not indebted to any 
fubfifted between the artift and his patron ; and the preceptor. To complete his education, however, it 
fums of money, which Cofmo expended on pidlures, fta- was judged expedient that he fhould vifit fome of the 
tues, and public buildings, appear almoft incredible. principal courts of Italy ; and very foon after the death 
. Cofmo now approached the period of his mortal ex- of his grandfather, he repaired to Rome, Bologna, Fer- 
iftence ; but the faculties of his mind remained unim- rara, Venice, and Milan, where he gained the elleem of 
paired. About twenty days before he died, he fent for all whofe efteem was of value. 

Suppl. Vol. II. Part I. A a Thus 

(a) This man had fled from Conftantinople, when it was taken by the Turks, to Florence, where he was pro- 
tedled by Cofmo de Medici. 
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Piero to the advice of his father to reftore it to its pmline fplendour. Me?let. Thm attentive was _ ,, ,, r „ 

—-v J with refpeft to the education of his eldeft fon ; nor was 
he lefs- attentive to it in the choice of his principal conn- 
fellor. Pie intrufted the whole of his affairs into the 
hands of Neroni, and gave him Cofmo’s accounts to 
nerufe and fettle. That ambition, which perhaps had 
lain lurking in this man’s mind, was now called forth, 
and he bafely formed the fcherne of ruining the Ion oi 
his patron, by building upon his misfortunes his own 
future grandeur. For this purpofe, he lamented the ab- 
folute neceffity there was for an immediate call upon 
thofe who were indebted to Piero as Cofmo’s reprefen- 
tative ; telling him that a delay might iubjedt him to 
the greatefl inconveniences. Piero confented, though 
with reluctance, to his fuppofed friend’s advice. The 
refult was fuch as .Neroni expended. Thofe who were 
friends of the father became enemies of the fon ; and had 
not Piero difeovered the fnare, and delifted from fuch 
rigorous proceedings, he might have found, when too 
late, that in fupporting the charadler of the merchant, 
he had forgotten that of the ftatefman ; for all the ci- 
tizens of Florence were his debtors. 

Soon after this, an attempt was made to afTaffinate 
Piero, by a powerful party which had always been ini- 
mical to the houfe of Medici; but it was defeated by 
Lorenzo, who difplayed on that occafion a fagacity and 
promptitude of mind which would have done honour 
to the oldeft ftatefman. A few of the confpirators were 
declared enemies to the ftate, and condemned to banifli- 
ment ; but by far the greater part of them were par- 
doned on the felicitation of Lorenzo, who declared, 
that “ he only knows how to conquer, who knows how 
to forgive.” 

In the year 1469 Piero de Medici died; and Loren- 
zo fucceeded to his authority as if it had been a part of 
his patrimony, being requefttd by the principal inhabi- 
tants of Florence, that he would take upon himfelf the 
adminiftration of the republic in the fame manner that 
his grandfather and father had done. 

In the month of December i 47c, a league was fo- 
lemnly concluded between the pope, the king of Naples, 
the duke of Milan, and die Florentines, againft Maho- 
met II. who had vowed not to lay down his arms till 
he had aboiifhed the religion of Chrift, .and extirpated 
all his followers. The pope, however, (Paul IF), died 
on the 26th of July 1471 ; and Sixtus IV. fucceeding 
to the chair of Si Peter, Lorenzo was deputed from 
Florence to congratulate him on his elevation. Two 
more oppofite characters can hardly be conceived than 
thofe of Sixtus and Lorenzo. The former was cruel, 
treacherous, and fordid ; the latter was merciful, can- 
did, and generous. Yet fuch inftances of mutual good 
will took place between them on this occafion, that Lo- 
renzo, who, under the dire&ion of his agents, had a 
bank eftablifhed at Rome, was formally invefted with 
the office of treafurer of the Holy See. 

Pifa had been under the dominion of Florence from 
the year 1406, and it had acquired fome celebrity on 
account of its academy, which had exifted almoft two 

, centuries. That academy, however, had fallen into de- 
cay ; and, in the year 1472, the Florentines refolvcd 

MED 
Five citizens, M&iirf. 

of whom Lorenzo d*e Medici was one, were appointed 
to fupei intend the execution of their purpofe ; but Lo- 
renzo, who was the projector of the plan, undertook 
the chief management of it ; and, in addition to 6000 
florins annually granted by the ftate, expended, hi ef- 
feding his purpofe, a large fum of money from his pri- 
vate fortune. In doing this, he only imitated the ex- 
ample of his father and grandfather ; for in the courfe 
of 37 years, reckoning from the return of Cofmo from 
baniftiment, this illuftrious family had expended on 
works of charity or public utility upwards of 660,000 
florins. “ Some perfons (faid Lorenzo) would perhaps 
be better pleafed'to have a part of it in their purfe ; 
but I conceive that it has been of great advantage to 
the public, and well laid out, and am therefore perfedt- 
ly fatisfied.” 

In the year 1474, Lorenzo incurred the difpleafure 
of the pope for oppofing fome of his encroachments on 
the petty princes of Italy ; and the revenge planned by 
Sixtus was of fuch a nature as would have difgraced, 
we do not fay a Chriftian bifhop, but the rudeft favage. 
He began by depriving Lorenzo of the office of trea- 
furer of the Roman See, which he gave to the Pazzi, a 
Florentine family, who, as w'ell as the Medici, had a 
public bank at Rome. By this ftep he fecured the in- 
tereft of the Pazzi, who, it is probable, were to govern 
Florence under the pope, when Lorenzo and Juliano de 
Medici ftiould be cut off, and their friends and adhe- 
rents driven from the republic. The principal agent 
engaged in the undertaking was Franfefco Salviati arch- 
bifhop of Pifa, to which rank he had lately been pro- 
moted by Sixtus, in oppofttion to the wifties of the Me- 
dici. The other confpirators were Giacopo Salviati, 
brother to the archbifhop; Giacopo Poggio, one of the 
fons of the celebrated Poggio Bracciolini (fee Poggi- 
us, Encycl.) ; Barnardo Bandini, a daring libertine, 
rendered defperate by the confequence of his exceffes ; 
Giovanni Battifti Monteficco, who had diftinguifhed 
himfelf as general of the pope’s armies ; Antonio Maf- 
fei, a prieft of Volterra; and Stephano de Bagnona, one 
of the apoftolic feribes ; with feveral others of inferior 
note. The cardinal Riario, then at Pifa, was likewife 
an iiiftrument in the confpiracy ; but he can hardly be 
coniidered as an agent, for he was kept ignorant of 
what was going on, and enjoined only to obey whatever 
direftions he might receive from the archbifhop of Pita. 

The affaffination of the illuftrious youths was fixed 
for Sunday, April 26. 1478 ; the place the cathedral 
of Florence, at the moment the hoft was to be elevated; 
and their murder was to be the fignal for feizing and ex- 
pelling from the walls of the city all their relations and 
friends. What a tranfaction this for one who prefumed 
to ftyle himfelf the vicar of Chrift, the common father 
of Chriftendom, to patronize ! 

The fatal day arrived, and Lorenzo was already in 
the church ; but Juliano remained at home, occafioned 
by a flight indifpofition. The confpirators, determining 
not to lofe one of their vidlims, went to invite, to in* 
treat him, to go. They embraced (b), and led him, by 
a tender violence, to the cathedral. The lignal was 

f given 

(b) ft he affaffins embraced Juliano, to difcovfer whether he wore any fecret armour, that they might know 
whre to ftrike with the furefl aim. • . * . ' 
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given by the elevation of the confecrated wafer; and 

"'whiill the people fell upon their knees to adore, the 
affaffins rofe, and, as was concerted, two of them, Fran- 

■ cifco Pazzi and Barnardo Bandini, fell upon Juliano. 
The latter directed his poignard fo truly, that it enter- 
ed into the bofom of the unoffending youth, and he fell 
mortally wounded at his feet. 

In a moment, as muff be fuppofed, all was confufion. 
.Lorenzo, alarmed, put himfelf in a pollure of defence, 
when in an inftant, Antonio of Volterra, and Stepha- 
no a prieft, the dependant of the arclibifhop, who, upon 
Giovanni Battifti’s declining the infamous talk, under- 
took his deftrudtion, ruflied upon him as their deftined 
prey. The conteft continued fome time. Lorenzo had 
received a wound in his neck, and feemed to contend 
for his life in vain ; but a fervant, whom he had lately 
relieved from prifon, infpired by gratitude, heroically 
threw himfelf between his beloved lord and his affaffins, 
receiving in his body thofe weapons that were aimed at 
the breait of Lorenzo. This fidelity faved him; for 
by one vigorous effort he broke from Antonio and Ste- 
phano, and with a few friends rufhed into the facrifty, 
fhutting the doors behind them, which were of brafs. 
Apprehenfionsbeing entertained, that the weapon which 
had wounded him was poifoned, a young man fucked 
the wound, endangering his own life to fave that of Lo- 
renzo. 

The rage of the people to fee one of their favourites 
expiring, and the other covered with blood, was inex- 
preffible. The cardinal Riario found it difficult to fave 
his life at that altar which he had flained by fo horrid 
a deed, and to which he then fled for protection. 

Whilft this infamous feene was aCting in the cathe- 
dral, others of the confpirators were attempting to feize 
the Palazzo ; but with no better fuccefs. The arch- 
bifhop Salviatti, who had undertaken to head them, 
gave the magiflrates fufpicion by thofe violent emotions 
which agitated his whole frame. The nine fenatdrs 
who compofed the magiftracy, including the gonfalo- 
nier, who had been appointed by, and were, in other 
words, the privy council of the Medici, immediately at- 
tacked thofe who intended to have furprifed them ; and 
Salviatti and his followers had no fooner gained the fe- 
cond floor, than they found themfelves prifoners. 

Jacobo Pazzi foon. appeared in the flreet, proclaim- 
ing, with exultation, the murder of Juliano ; and invi- 
ting the Florentines to free themfclves from the Medi- 
cean flavery ; but perceiving that he was not joined by 
the people, the magiflrates fent off 100 horfe to the ref- 
cue of Lorenzo. This was the more to be commended, 
becaufe they continued to be affaulted by the confpira- 
tors, who finding their fituation defperate, forced them- 
felves to the ground floor,determining, if poffible,to feize 
the Palazzo. The magiflrates, with their attendants, 
adled with fuch refolution and valour, that as often as 
they gained an entrance they drove them back, killing 
fome of the affailants upon the fpot, others they threw 
out of the windows upon the pavement; and to ftrike 
an awe into thofe that were without, they had the bold- 
nefs and virtue to hang the archbifhop from one of the 
windows, dreffed as he was in his pontifical robes, with 
Poggio, another of the chief confpirators. Florence 
vefounded in every part with the exclamation — Medici, 
Medici! down with their enemies! 

Lorenzo was liberated from that part of the cathe- 

dral to which he had fled, and conveyed home in tri- Medicii 
umph, where his wounds were attended to, and where'““■'V'"""' 
he found himfelf furroundedby his mofl valuable friends, 
to whom he was endeared by the fhocking occurrences 
of the day. His partizans, however, did not fpend 
their time only in lamentations for the death of one of 
the brothers, and exultations for the prefervation of the 
other; they united in purfuing the confpirators, fpa- 
ring none that fell into their hands. Jacobo Pazzi was 
taken flying with his forces into Romania, and imme- 
diately hung. An officer of the pope’s, who command- 
ed a brigade under Count Hirronimo, had alone the fa- 
vour of decapitation. Bandini fled privately to Pifa, 
thence to Naples, and, laflly, to Conflantinople; but 
Mahomet, to oblige Lorenzo, feized, and fent him back; 
and he was hung out of the fame window from which 
the archbifhop had fuffered. An embaffy was fent from 
Florence to thank the fultan in the name of the republic. 

Throughout the whole of this juil but dreadful re- 
tribution, Lorenzo had exerted all his influence to re- 
flrain the indignation of the populace. He entreated 
that they would refign to the magiflrates the talk of 
afeertaining and of punifhing the guilty, lefl the inno- 
cent fhould be incautioufly involved in deflrudlion ; and 
his appearance and admonitions had an inflantaneous ef- 
fedl. By his moderation, and even kindnefs to the re- 
latives of the confpirators, he fought to obliterate the 
remembrance of pafl difturbances; and by his interfe- 
rence, even the furvivors of the Pazzi were reflored to 
their honours, of which they had been deprived by a 
decree of the (late. 

The generofity and moderation of Lorenzo had no 
effedl on the temper of Sixtus, who folemnly excommu- 
nicated him, the gonfalonier, the magiflrates, and their 
immediate fucceffors; and In the bull which he iffued 
on this occafion, he flyles Lorenzo de Medici “ the 
child of iniquity and the nurfling of perdition!” Not 
content with this ebullition of refentment, he fufpended 
the bifUops and clergy of the Florentine territories from 
the exercife of their fpiritual funflions; thus laying the 
whole republic under an interdidl. This had been a 
formidable weapon in the hands of his predeceffors, who 
had, by means of it, overawed the mofl powerful mo- 
narchs; but the general charafler of Sixtus was fo in- 
famous, and his prefent injuflice fo manifefl, that by 
the exertions of the bifhop of Arezzo, a convocation 
was held in the cathedral church of Florence, in which 
Sixtus was accufed of fornication and adultery, with other 
infamous vices ; declared to be the principal infligator 
of the confpiracy againfl the Medici; and the fentence 
of excommunication which he had fulminated againfl 
Lorenzo and the Florentine magiflrates was called in 
diredl terms, the “ execriable malediction of a damned 
judge {rnalediclam maledifiionem damnatijfimijudicis) /” 

How fuch language could be reconciled to the no- 
tions which then prevailed of the fandlity of the pope, 
and the plenitude of his power, it is needlefs to inquire; 
but the reader will not be furprifed that the prelates, who 
made ufe of it, paid no regard to the interdict of Sixtus. 
The pontiff, however, did not relax from his purpofe. 
Whilll he brandifhed with one hand the fpiritual wea- 
pon, which the Florentines treated with fuch contempt, 
in the other he grafped a temporal fword, which he now 
openly, as he had before fecretly, aimed at the breait 
of Lorenzo. At his infligation the king of Naple* 
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Medici, difpatched an envoy to Florence, to require the citizens 

to banifh Lorenzo from the Tufcan territories, ir they 
would not incur the vengeance both of lum and of the 
pope. Thefe threats produced not the intended eftedt; 
for the Florentines avowed their firm refolution to fuf- 
fer every extremity, rather than betray the man whom 
they confidered as guardian of the republic. War 
therefore was commenced , and the republic was on the 
point of being ruined, when Lorenzo taking advantage 
of a truce, threw himfelf, with a refolution not to be 
equalled, into the hands of the king of Naples. He 
judged, perhaps, that any ftipulations for his perfonal 
fafety would be ufelefs with a prince who had fported 
with honour, juftice, mercy , and the moft lolemn trea- 
ties. But, whilft all viewed him as a vidtim who had 
devoted himfelf to fave his country, he, by perfuafive 
eloquence, obtained of this crafty perfidious monarch a 
feparate peace, and returned to Florence crowned with 
a fuccefs that no one thought poffible, and where he 
was received as its tutelar deity. The pope, however, 
continued inflexible, till a defcent of the Turks upon 
Italy reftored him to his fenfes, and made him willing 
to receive the fnbmiffion of Florence, and reconcile its 
inhabitants to the church. 

Soon after the termination of the hoftilities between 
Sixtus and the republic of Florence, Lorenzo began to 
unfold plans for fecuring the peace of Italy, which con- 
fer the highell honour on his political life. To coun- 
terpoife all the jarring interefts of the petty ftates of 
which that country was compofed, to reilrain the 
powerful, fuccour the weak, and to unite the whole in 
one firm body which might be able, on the one hand, 
fuccefsfully to oppofe the formidable power of the 
Turks, and, on the other, to repel the incurfions of 
the French and Germans, were the important ends 
which this great man propofed to accomplilh. But 
before he engaged in thefe momentous undertakings, he 
had further perfonal dangers to encounter. By the in- 
ftigation of Cardinal Riario, and fome Florentin#: exiles, 
one Battifta Frafcobaldi, with only two afililants, un- 
dertook to aflaffinate him in the church of the Carmeli, 
on the feftival of the afcenfion 1481 ; but the plot was 
difcovered, the confpirators executed, and Lorenzo 
henceforth feldom went abroad without being furround- 
ed by a number of tried friends. 

Lorenzo was now at liberty to profecute his bene- 
volent purpofes; and after contributing to the expulfion 
of the Turks from Italy, he fet himfelf in good earneft 
to fupport the weak ftates againft the encroachments 
of the more powerful. This neceflarily embroiled the 
republic at one time with the pope, at another with 
the king of Naples ; now with the Venetians, and then 
with the Duke of Milan : but when fome exclaimed 
againft him as being too precipitate in involving the 
republic in dangerous and expenfive wars, he explained 
to them the neceffity of maintaining the balance of 
power, if they would preferve the independence of their 
own ftate; and fo completely had he made himfelf mafter 
of this fubjedf, that he convinced the moft incredulous 
of the propriety of his meafures, which, in 1488, intro* 
duced general tranquillity into Italy. 

At this period, the city of Florence was at its higheft 
degree of profperity. The vigilance of Lorenzo had 
fecured it from all apprehenfions of external attack; and 
his acknowledged difintereftednefs and moderation had 
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almoft extinguilhed that fpirit of internal difTenfion for 
which it had been fo long remarkable. The Floren-u 

tines gloried in their illuftrious citizen, and were grati- 
fied by numbering in their body a man who wielded in 
his hands the fate of nations, and attrafted the refped 
and admiration of all Europe. 

Yet amidft public affairs fo intricate and fo momen- 
tous, fuch was the capacity of this man’s mind, and 
fuch his verfatility of genius, that, for the greater part 
of his life, he carried on a commerce as extenfive as that 
of his grandfather, whilft he afforded ftill greater en- 
couragement to learning and learned men. Cofmo had 
greatly promoted the ftudy of the ancient languages 
and ancient philofophy. Lorenzo did the fame thing: 
but he did much more; he encouraged the cultivation 
of his own tongue, which had been negle&ed fince the 
age of Petrarca ; and by fetting a great example him- 
felf, he produced a race of Italian poets, which have 
hardly been furpaffed in any age or nation. To enumerate 
even the names of the elegant fcholars whom he pa- 
tronifed, would extend this article far beyond its limits. 
In the academy of Pifa, of which mention has been al- 
ready made, the ftudies were chiefly confined to the 
Latin language, and to thufe fciences of which it was 
the principal vehicle. At Florence the Greek tongue 
was taught under the fandtion of a public inftitution, 
either by native Greeks or learned Italians, whofe fer- 
vices were procured by the diligence of Lorenzo de 
Medici, and repaid by his bounty. He placed Michael 
Angelo at the head of an academy,' which he eredled 
for painting and fculpture, furnifhing it with the bell 
models of antiquity. Pie built and endowed a public 
library, and fent Lafcaris, of imperial defcent, to Con- 
ftantinople more than once, to procure Greek manir- 
fcripts. For father Moriano, the orator, a monaftery 
was built; and Florence owed many of her fineft edi- 
fices to him. Politiano and Ficino were among his 
moft intimate friends; and it is not perhaps too much 
to fay, that he did more for letters and fcience and art 
than any other individual that ever exifted. His own 
acquirements in learning were great; and his poetry, 
oi which the reader will find many fpecimens in the ele- 
gant work of Rofcoe, was exquifite. 

Is it Turprifing, when we examine Lorenzo’s charac- 
ter, that all Italy, all Chriftendom, even the Maho- 
metans, gave him the moft flattering marks of appro- 
bation, and ft rove who fhould oblige him moft, by pre- 
fenting him with whatever was rare and valuable? His 
palace was conftantly filled with men famous in every 
elegant, every ufeful fcience, and the neighbouring 
princes flocked to it as the temple of wifdom. The 
celebrated prince of Mirandola, on his account, chofe 
Florence for his reiidence, and died there. 

To a moft engaging perfon was added each grace, 
and every accomplilhment. He was the favourite of 
the ladies, the envy of the men^ and the admiration of 
botn. T he ftatefman of his time ; unrivalled in chi- 
valry ; one of the moft eminent orators that the world 
has produced. His poetic merit, with his judgment 
in, and patronage of that art, procured him the title of 
“ Father of the Mufes.” In liberality to his fellow 
citizens, as well as in every other refpedf, except as a 
general, he exceeded even Csefar himfelf; and had not 
peace been his dear delight, his talents would have made 
him a confummate commander. Yet with all thefe fu- 

perior 
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Ifdici, perior accomplifhments, he did not think it beneath 
edicma. jjjjn to indulge in amufements which perfons, lefs wife, 
”"v ' would have thought an impeachment of their under- 

ilanding, and he would often feek pleafure in his nurfery, 
fperrding hours there in all the frivolous pranks of 
childifh diverlion. In fine, “ the gravity of his life, if 
compared with its levity, muft make him appear as a 
compofition of two different perfons, incompatible, and, 
as it were, impoffible to be joined with the other.” 

Lorenzo, like rnoft other great men, had wifhed to 
fpend his laft years in the tranquillity of retirement. 
He therefore at an early period wound up his mercan- 
tile concerns, and divided his time between the cares of 
the republic at Florence, and the cultivation of his 
eftates in the country. He wiihed even to diveft himfelf 
of all public concerns, and get his fecond fon Giovanni 
admitted into holy orders at the age of feven years, that 
he might be fit for ecclefiaftical preferment before he 
fhould be deprived of the proteftion of his father. The 
young ecclefiaftic, who afterwards made fueh a figure 
as Leo X. was accordingly appointed by Louis XL of 
France, abbot of Fonte Dolac, before he was eight 
years of age ; and by Innocent VIII. a cardinal, when 
he was little more than thirteen. This added much to the 
influence of the family, not only in the Tufcan dates, but 
through all Italy; and Lorenzo having introduced his 
eldeft fon into public life,and accomplifhed a marriage be- 
tween him and the daughter of a noble family at Rome, 
thought he might commit the affairs of the republic in 
a great meafure to Piero, and indulge his own tafte in 
the converfation of his learned friends. This dream of 
felicity however was not realized. Early in the year 
1492, he was attacked by a difeafe, under which he had 
long laboured, wo'th fuch violence, that on the 8th of 
April he died in the midil of his weeping friends, after 
having taken of them, one by one, an affeftionate fare- 
wel, and given to his fon Piero much falutary counfel, 
which he thought not fit to follow. 

The character of this great and good man is deve- 
loped in the detail which we have given of his conduct 
through life : But it may not be improper to add, that 
fuch was the love and veneration of the citizens to him, 
that the phyiician, who had attended him on his death- 
bed, afraid "to return to Florence, left the houfe in a 
ftate of diftradlion, and plunged himfelf into a well. 
Throughout the reft of Italy the death of Lorenzo was 
regarded as a public calamity of the moft alarming 
kind. Of the arch which fupported the political fabric 
of that country he had long been confidered as the 
centre, and his lofs feemed to threaten the whole with 
immediate deftruftion. When Ferdinand king of 
Naples was informed of the event, he exclaimed, “ This 
man has lived long enough for his own glory, but too 
ihort a time for Italy".” 

MEDICINA forensis, is a phrafe ufed in Germany 
to denote thofe parts of anatomical and phyfiological 
knowledge, which enable phyficians and furgeons to 
decide certain caufes as judges in courts of juftice. In 
that country it has long been law and cuftom (if we 
miftake not, by the Caraline code of Charles V.),to re- 
fer cafes of poifoning, child-murder, rape, pregnancy, im- 
potency, ideotifm, 8cc. to the medical faculty, which, in 
the univerfities and fome other great towns, is conftitu- 
ted into a kind of court for the trial of fuch queftions. In 
this country there are no fuch courts ; but in criminal 

trials medical gentlemen are often called upon to deferibe Medicma, 
the fymptoms of poifoning, child-murder, rape, &c. and. t 
therefore it becomes them to obtain an accurate know- 
ledge of thefe fymptoms, and to ftore their memories 
with a number of minute fadls, to which they may have 
occafion to appeal when giving their evidence. 

The importance of this fubjeft induced the profefibr 
of the inftitutes of phyfic in the univerfity of Edinburgh 
to refolvc lately to read an annual courfe of leftures on 
Medical Jurisprudence. This, we doubt not, will 
prove a valuable courfe ; for though it is hardly con- 
ceivable that, under the head medicaljurifprudence, any 
knowledge can be communicated which a well educated 
phyfician would not neceffarily have acquired, without 
attending fuch a courfe; yet it is very obvious, that the 
recolle&ion of the young phyfician may receive great 
aid from his liftening to the well-arranged leftures of an 
accurate profeflbr. From thefe lectures he may ftore 
his mind with a colleftlon of aphorifms which fliall be 
always ready on the day of examination ; or the lectures 
themfelves may be delivered in queftions and anfwers 
with all the formalities of a criminal court. 

We have heard it obferved, that to attend a courfe 
of fuch leftures would be of the utmoft advantage to all 
who may be called upon to ferve as jurymen in criminal 
trials ; but of the truth of this obfervation we are more 
than doubtful. Perfons who are only half inftrudted 
are always conceited of their own attainments; and men 
not acquainted with anatomy and phyfiology cannot be 
more than half inftrufted by the ableft courfe poffible to 
be given of medical jurifprudence. Such perfons in- 
deed can hardly avoid miftaking the fenfe of the pro- 
feffor’s language, however perfpicuous that language 
may be. Of this wTe had lately a very flriking inftance. 
A gentleman, by no means illiterate, though a ftranger 
to anatomical and phyfiological fcience, was expatia- 
ting to the writer of this article upon the general im- 
portance of medical jurifprudence, a courfe of which, 
he faid, he had attended for the foie purpqfe of qualify- 
ing himfelf for difeharging the important duties of a 
juryman. Upon being afked what he had learned ? he 
replied, that he had been taught, among other things 
which we thought frivolous, to difeern, from the fymp- 
toms of hanging whether the dead man had been hang- 
ed by himfelf or by another. We need not furely ob~ 
ferve, that no fuch leffon was ever taught in any uni- 
verfity, or by any medical le&urer; but it is worthy of 
confideration whether le&ures on medical jurifprudence 
may not have the muft pernicious effects on the minds 
of men fo little qualified as this gentleman to profit by 
them. To the regularly educated phyfician and fur- 
geon fuch leisures may prove ufeful; to the plain citi- 
zen, not ikilled in anatomy and phyfiology, they muft 
prove dangerous ; as their only tendency is to make 
him defpife the evidence given before him by the regu- 
lar phyfician or furgeon ; to place implicit confidence 
in his own fuperficial knowledge ; and thus to decide 
at random on the life or death of his fellow-creature :. 

A little learning is a dangerous thing ; 
Drink deep, or tafte not the Pierian fpring,. 

MEDINA, the capital of the kingdom of Woolli in 
Africa, is fituated in 130 40' N. Lat. and 120 40' W. 
Long. It is a place of confiderable extent, and may 
contain from 800 to 1000 houfes. It is fortified in the 

common 
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African manner, by a furrounding high wall 

Plate 
XXXVI 

MeJufa, common m^ican uiauiiti, « in.--'fc,-- ■■ — 
Mr earn 3. Gf clay> and an outward fence of pointed (lakes 

, t^r' and prickly bufhes; but the walls are negledled, and 
the outward fence has fuffered conhderably from the 
aftive hands of bufy houfewives, who pluck up the 
Hakes for firewood. Mr Park palled through it on his 
route eaftward, and was treated with much kindnefs 
both by the king and the people. The good old fove- 
reign warned him of the dangers he was about to en- 
counter, and endeavoured to perfuade him to relinquifh 
all thoughts of his journey eaftward ; but when he could 
not prevail, he gave him a guide, who conduced him 
in fafety to Koojar, the frontier town of the kingdom 
towards Bondou, from which it is feparated by an in-' 
t erven in g wildernefs of two days journey. Here our 
author was prefented, by way of refreftiment, with a li- 
quor which tailed fo much like the ftrong beer of his 
native country (and very good beer too), as to induce 
him to inquire into its compofition ; and he learned, 
with fome degree of furprife, that it was adlually made 
from corn which had been previoufly malted, much in 
the fame manner as barley is malted in Great Britain : 
a root yielding a grateful bitter was ufed in lieu of hops, 
the name of which he forgot ; but the corn which 
yields the wort is the holcus fpicatus of botanifts. 

MEDUSA. In addition to the different ipecies of 
this genus of vermes defcribed in the Encyclopedia, that 
which is reprefented in two different attitudes, fig. I. and 
2. and which llrongly refembles a bagpipe in fliape, may 
be worthy of notice. It is merely a white tranfparent 
veficle, furniftied with feveral blue tentacles yellowifh at 
their extremity ; its long tail, which is alfo blue, ap- 
pears to be compofed of a number of fmall glandulous 
grains, flattened and united together by a gelatinous 
membrane. The upper part of the veficle exhibits a 
kind of feam with alternate pundlures of three diffe- 
rent fixes ; its elongated part, which may be confidered 
as the head of the animal, is terminated by a (ingle 
trunk, the exterior edge of which is fringed with 25 or 
26 tentacles, much fmaller than thole which originate 
from the infertion of its long tail, and the number of 
which fometimes amounts to 30. By means of thefe 
laft, the diameter of which it is capable of increafing at 
pleafure by forcing in a little of the air from its body, 
it fixed itfelf to the fide of the veil'd, in which it was 
placed, in fuch a manner as that the extremity of 
iome of its tentacles occupied a furface of two or 
three lines from its body. The mod moveable part 

•of the veficle is its elongation, or the head of the ani- 
mal, as it is by means of this that it performs its diffe- 
rent motions. The rounded fubftance, marked by the 
letter P, is (ituated in the centre of the larger tentacles, 
which are firmly fixed to the body of the animal near 
its tail, and is only an affemblage of a few minute r^ela- 
tinous globules, from the middle of which arife other 
larger globules, with a (mall peduncle, about the middle 
of which is fixed a curved bluilh coloured body, which 
is reprefented magnified in two pofitions at R. Mar- 
tiniere, the naturalift, who accompanied Peroufe in his 
vo} age round the world, met with this animal in about 
pV0111 degrce hit. and 1790 of long, eaft from 

MEGAMETER, a name fometimes given to the 
M c8.0meter, which fee, Encycl. 
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MEHALL, in the language of Bengal, a place or Mehall, 

diftridl. Mcninflci. 
MENINSKI (Francifcus), a mod celebrated Ger- ’ " J 

man orientalift, was born in Eorraine, then fubjetl to 
the emperor, in the year 1623 ; and for copioufnefs of 
learning, elegance of genius, and profound knowledge 
of languages, particularly thofe of the Eaft, proved un- 
doubtedly one of the principal ornaments of the age in 
which he lived. He ftudied at Rome under Giattino. 
When he w’as about 30, his love of letters induced him 
to accompany the Polifli ambaffador to Conftantinople, 
where he ftudied the Turkilk language under Bobovius 
and Ahmed, two very (kilful teachers. So fuccefsful 
wras he in this ftudy, that when he had been there only 
two years, the place of firft interpreter to the Polifli 
embafly at the Porte was promifed to him. When the 
place became vacant, he was accordingly appointed to 
it, and obtained fo much credit by his condudl, that, 
after a time, he was Cent for into Poland, and again 
fent out with full powers as ambaffador to the Porte, 
For his able execution of this office, he was further ho- 
noured, by being naturalized in Poland ; on which occa- 
fion he added the Poliffi termination ofJhi to his family 
name, which was Menin. Being defirous afterwards to 
extend his fphere of adlion, he went to the court of the 
emperor as interpreter of oriental languages in 1661. 
Here alfo, as in other inftances, his talents and beha- 
viour obtained the higheft approbation ; on which ac- 
count he was not only fent as interpreter to feveral im- 
perial ambaffadors at the Porte, but was intruded in 
many important and confidential fervicesj and, in 1669, 
having paid a vifit to the holy fepulchre at Jerufalem, 
was made one of the knights of that order. After his 
return to Vienna he was advanced to further honours ; 
being made one of the counfellors of war to the empe- 
ror, and firft interpreter of oriental languages. At Vi- 
enna he died at the age of 75, in the year 1698. His 
great work, r. 1 he “ Thefaurus linguarum orientalium,,,‘ 
was publifticd at Vienna in i68e, in 4 vols folio; to 
which was added, in 1687, another volume, intitled, 
“ Complementum Thelauri linguarum onentalium, feu 
onomafticum Latino-Furcico-Arabico-Perficum.” The 
former volumes having become extremely fcarce, partly 
on account of the deftrudlion of a great part of the im- 
preffion, in the fiege of Vienna by the Turks in 1683, 
a defign was formed fome time ago in England of re- 
punting the work, by a fociety of learned men, among 
whom was Sir William Jones. But as this undertaking, 
probably on account of the vail expence which mu(l 
have been incurred, did not proceed, the emprefs queen 
Maria Therefa, who had heard of the plan, took it up- 
on heiieif, and with vaft liberality furniftied every thing 
neceffaiy for its completion. In confequence of this, it 
was begun to be fplendid’y republifhed at Vienna in 
1 / 80, with this title : “ Francifci a Mefgnien Meninfki 
Lexicon Arabico-Per(ico-ri urcicum, adjedla ad lingulas 
voces et Phrafes interpretatione Latina, ad ufitatiores, 
etiam Italica.” Of this edition only two vols folio are 
yet publiflred, extending no farther than %al, the ninth 
ettei o toe Aiabic alphabet, which is about a third of 

t e w .ore. 1 he delay of the reft is much to be la- 
^ this addition, fay the editors, the Lexicon or Memnlki may be faid to be increafed, diminiftied, and 

amended. Increafed, becaufe many Arabic and Perfian 
words 
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i tiindci, words are added, from Wankuli and Ferhengj, the beft 
[i -chetta. Arabic and Perfic lexicographers whom the Eaft has 

'V—'' produced ; and from Herbelot are inferted the names 
of kingdoms, cities, and rivers, as well as phrafes in 
common ufe among the Turks, &c Diminjhed, be- 
cause many ufelefs fynonyma are omitted, which rather 
puzzled than afliiled the ftudent ; as well as all the 
French, Poliih, and German interpretations, the Latin 
being confidered as fufficient for all men of learning. 
Amended, with refpedl to innumerable typographical 
errors ; which, however, from a work of this nature, no 
care can perhaps altogether exclude. The other works 
of Meninfki were occafioned chiefly by a violent conteft 
between him and a man named J. B. Podefta, in which 
much acrimony was employed on both Tides. Thefe 
it is hardly worth while to enumerate, but they may all 
be feen in the account of his life from which this article 
is taken (a). It fhould be obferved, however, that in 
1674, Podefta publiftied a book, intitled, “ Prodro- 
mus novi linguarum orientalium collegii, juflu Aug. &c. 
erigendi, in Univ. Viennenfito which Meniniki cp- 
pofed, 2. “ Meninlkii Antidotum in Prodromum novi 
lir.g. orient, collegii, &c.” ifto. But fuch was the cre- 
dit of his antagonift in the univerfity, that foon after 
there came out a decree in the name of the re ft or and 
confiftory, in which that antidote of Meninlkks is pro- 
feribed and prohibited, for fix fpecific reafons, as im- 
pious and infamous. Meniniki was defended again!! 
this formidable attack by a friend, in a fmall traft, in- 
titled, “ Veritas defenfa, feu juftitia caufae Dn. F. de 
M. M. [MtninlkiJ contra infame decretum Uuiverfita- 
tis Viennenfis, Anno 1674, 23 Novembris, &c. ab A- 
mico luci expofita, Anno 1675,” which this friend 
expofes, article by article, the falfehood of the decree, 
and exclaims ftrongly again!! the arts of Podefta. This 
traft is in the Britiih Mufeum. Podefta was Oriental 
fecretary to the emperor, and profefibr of thofe langua- 
ges at Vienna ; but is deferibed in a very iatirical man- 
ner by the defender of Meniniki. “ Podefta, natura 
Semi-Italns, ftatura nanus, caecutiens, balbus, imo bar- 
dus repertus, aliifque vitiis ac ftultitiis plenus, adeoque 
ad difeendas linguas orientales inhabilis.” A lift of the 
works of PodeiLa is, however, given by the late editors 
of Meninfki. 

MERCHETTA, or Marchetta Mulierum, is com- 
monly fuppofed to have been a right which, during the 
prevalence of the feudal fyitem, the lord had of palling 
the firl! night after marriage with his female villain. 
This opinion has been held by the greater part of our 
antiquarians ; and we have adopted it in our hiftbry of 
Scotland publilhed in the Encyclopedia. It appears, 
however, to be a miftake. That there was a cullom 
called merchdta mulierum, which prevailed not only in 
England, Scotland, Wales, and the ifle of Guernfey, 
but alfo on the continent, is indeed a fad! unqueftion- 
able ; but Mr Aftle has clearly proved, that, inftead of 

’being an adulterous conneftion, the merchetta was a com- 
paft betw'een the lord and his vafial for the redemption 
of an offence committed by that vaftal’s unmarried daugh- 
ter. He admits, however, that it denoted likewile a 
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’cktoUrria, 
1. xii. ‘ 

fine paid by a foreman or a ’villain to his lord for a li- Meridian, 
cence to marry his daughter to a free man ; and that if “■—v 
the valfal gave her away without obtaining ftich a li- 
cence, he was liable to pay a heavier fine. He quotes 
two authorities in fupport of his opinion from Brac- 
ton ; one of which we lhall tranferibe, as being alone 
complete evidence. 

“ Ric. Burre tenet unum mefuagium et debet tellia- 
gium feftam curire, et merchet, hoc modo, quod fi mari- 
tare voluerit Jiliam fuam cum quodam Ubero hornine, extra 
‘villam, faciet pacem domini pro maritagio, et Ji earn mari- 
taverit alicui cujlumario ’villa, nihil debuit pro marita- 
gio.” 

“ The probable reafon of the cuftom (fays Mr Aftle) 
appears to have been this. Perfons of low rank, refi- 
ding on an eftate, were t\x\\eec aferipti glela, or were fub- 
jefted to fome fpecies of fervitude limilar to the aferipti 
gleba. They were bound to refide on the eftate, and to 
perform feveral fervices to the lord. As women necef- 
farily folkwed the refidence of their hulbands, the con- 
fequence was, that when a woman of low rank married 
a ftranger, the lord was deprived of part of his live Hock ; 
he therefore required a fine to indemnify him for the 
lofs of his property,’’ Further particulars on the mer- 
chetta are to be found in the Appendix to vol. ill of 
Sir David Dairy Tuple's Annals of Scotland. 

MERIDIAN Line, an arch or part of the meridian 
of the place, terminated each way by the horizon. Or, 
a meridian line is the interfeftion of the plane of the 
meridian of the place with the plane of the horizon, 
often called a north and fouth line, becaufe its direftion 
is from north to fouth. 

In the article Astronomy [Encycl.f n° 376. and 
377. we have given two methods of drawing a meridian 
line ; but it may be proper to add, in this place, the 
following improvement of the former of thefe from Dr 
Hutton’s Mathematical Diftionary., “ As it is not 
eafy (fays the Doftor) to determine precifely the ex- 
tremity of the lhadow, it will be bell to make the ftile 
flat at the top, and to drill a fmall hole through it, no- 
ting the lucid point projefted by it on the feveral con- 
centric circles, inftead of marking the extremity of the 
lhadow itfelf on thefe circles.” 

We lhall give another method of drawing a meridian 
line from the fame valuable diftionary. 

“ Knowing the fouth quarter pretty nearly, obferve pja,e , 
the altitude FE of fome liars on the eaft fide of it, and XXXVh 
not far from the meridian HZRN : then, keeping the 
quadrant firm on its axis, fo as the plummet may Hill 
cut the fame degree, direft it to the weftern fide of the 
meridian, and wait till you find the liar has the fameal-, 
titude as before, as fe. Laftly, bifeft the angle EC r, 
formed by the interfeftion of the two planes in which 
the quadrant has been placed at the time of the two ob- 
fervations, by the right line FIR, which will be the me- 
ridian fought. 

Magnetical Meridian, is a great circle palling thro’ 
or by the magnetical poles ; to which meridians the 
magnetical needle conforms itfelf. See Magnetism, 
Suppl. 

MESO- 

•(a) We have taken this article from the Biographical Diftionary j the editors of which took it from the life 
cf Meniniki prefixed to the new edition of his great work. 
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MESO-Logarithm, a term ufed hy Kepler to fig* 
logarithm njpy. logarithms 0f the cofines and cotangents 

Milk MESURATA, a fea port of the kingdom of Trl- 
.. ■ 1 1 poli, in Africa. A caravan proceeds from this place to 

Fezzan, and other interior/ parts toward the louth of 
Africa. It is 260 miles north of Mourzook. E. Lon. 
15. 5. N. Lat. 31.3. _ 

METALLIC Tractors. See Perkinism in this 
Suppl. 

METONIC Cycle, called alfo the Golden Number, 
and Lunar Cycle, or Cycle of the Moon, that which was 
invented by Meton the Athenian ; being a period of 19 
years. See Cycle, Encycl. 

MH A Rajah, the higheft title of Hindoos. 
MICROCOUSTICS, or Microphanes, inftruments 

contrived to magnify fmall founds, as microfcopes do 
fmall obje&s. 

MICROCOSMIC Salt. See Chemistr.y-/«</«c, 
Suppl. 

MIDDLE Latitude, is half the fum of two given 
latitudes ; or the arithmetical mean, or the middle be- 
tween two parallels of latitude. Therefore, 

If the latitudes be of the fame name, either both north 
or both fouth, add the one number to the othei^ and 
divide the fum by 2 ; the quotient is the middle lati- 
tude, which is of the fame name with the two given 
latitudes. But, 

If the latitudes be of different names, the one north 
and the other fouth; fubtraft the lefs from the greater, 
and divide the remainder by 2, fo fhall the quotient be 
the middle latitude, of the fame name with the greater 
of the two. 

MIDSUMMER-Day, is held on the 24th of June, 
the fame day as the nativity of St John the Baptill is 
held. 

MILK, or Milkyet, property in Bengal. 
MILLS of various kinds are defcribed in the article 

Mec hanics (Encycl.); and he who (hall ftudy that ar- 
ticle, together with Water-lVoRKS, and Machinery, in 
this Supplement, will have a fufficient knowledge of the 
principles upon which mills muft be conltrudled, fo as 
that they may produce their proper effedls. The fub- 
je£t is introduced into this place merely to put it into 
the power of our countrymen to adopt, if they lhali 
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think fit, the improvements which have been made in 
the machinery of flour mills in America. 

The chief of thefe confift in a new application of 
the fcrew, and the introdudtion of what are called ele- 
vators, the idea of which was evidently borrowed f-rom 
the chain-pump. The fcrew is made by flicking fmall 
thin pieces of board, about three inches long and twa 
wide, into a cylinder, fo as to form the fpiral line. 
This fcrew is placed in a horizontal pofition, and by 
turning on its axis it forces wheat or flour from one 
end of a trough to the other. For inftance, in the 
trough which receives the meal immediately coming 
from the ftones,-a fcrew of this kind is placed, by 
which the meal is forced on, to the diflance of fix or 
eight feet, perhaps, into a refervoir; from thence, with- 
out any manual labour, it is conveyed to the very top 
of the mill by the elevators, which confift of a number 
of fmall buckets of the fize of tea cups, attached to a 
long band that goes round a wheel at the top, and an- 
other at the bottom of the mill. As the band revolves 
round the wheels, thefe buckets dip into the refervoir 
of wheat or flour below, and take their loads up to the 
top, where they empty themfelves as they turn round 
the upper wheel. The elevators are inclofed in fquare 
wooden tubes, to prevent them from catching in any 
thing, and alfo to prevent dull. By means of thefe 
two Ample contrivances, no manual labour is required 
from the moment the wheat is taken to the mill till 
it is converted into flour, and ready to be packed, du- 
ring the various proceffes of fereening, grinding, lift- 
ing, &c. 

That this is a confiderable improvement is obvi- 
ous ; and we are not without hopes that it may be 
adopted. The licentioufnefs of an Englilh mob has 
indeed perfecuted an Arkwright, expelled the inventor 
of the fly-fluittle from his native country, and by fuch 
condudl prevented the re-ere£tion of the Albion mills, 
and the general eftablifhment of faw-mills through the 
kingdom ; but their fovereignty perhaps will not be 
roufed by fo eafy and iimple a contrivance as this to 
leficn the quantity of manual labour. For an account 
of the Dutch oil- mill, which was fomehow omitted in 
its proper place in the Encyclopedia, fee Oil-Mill in this 
Supplement. 

Milk 

MINERALOGY 

1 
Definition. yS a fcience, the objeft of which is the defeription and 

arrangement of inorganic bodies or minerals ; or of all 
the bodies which belong to our globe, excepting animal 
and vegetable fubftances. 

Since the publication of the article Mineralogy, 
Encycl. fcarcely a Angle day has puffed without the dif- 
covery of fome new mineralogical faft, or the detection 
of fome old and unfufpedfedjerror. Thefe improvements 
cannot be overlooked in the prefent Supplement. But 
they are fo numerous in every part of the fcience, that 
we can hardly notice them without giving a pretty com- 
plete view of the prefent Hate of mineralogy. This will 
fcarcely occupy more room, and muft be much more 
uleiul as well as entertaining, than an undigefted mafs 

of annotations and remarks. We undertake this talk 
the more readily, becaufe in the article Mineralogy 
in the Encyclopedia, the improvements of Mr Werner 
and his difciples, to which the fcience is indebted for a 
great part of its prefent accuracy, have be^n entirely 
overlooked. . 

The objedt of mineralogy is twofold. 1. To deferibe objed, 
every mineral with fo much accuracy and precifion, that 
it may be eafily diftinguilhed from every other mineral. 
2. To arrange them into a fyftem in fuch a manner that 
every mineral may be, eafily referred to its proper place, 
and that a perfon may be able, merely by the help of 
the fyftem, to difeover the name of any mineral what- 
ever. When thefe two objects are accomplilhed, mi- 

neralogy, 
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; Tcrlptlon neralogy, ftrlfUy fu called, is completed. But were we 
i 4inerals,j.0 {p0p here, the utility of the fcience, if it would be 

‘’’v' entitled to the name of fcience, could hardly be conli- 
dered as very great. We mull therefore apply chemtfiry 
to dilcover the ingredients of which minerals are com- 
pofed, and to detedl, if pollible, the laws which thefe 
ingredients have obferved in their combination. Thus 
we ihall really extend our knowledge of inorganic na- 
ture, and be enabled to apply that knowledge to the 

^ improvement of almoft eve. y art and manufacture, 
vifion of Mineralogy naturally divides itfelf into three parts. 
: article. The firjl treats of the method of deferibing minerals ; 

the fecond, of the method of arranging them ; and the 
third exhibits them in a fyftem deferibed and arranged 
according to the rules laid down in the two firft parts. 
Thefe three parts Ihall be the fubjedts of the following 
chapters ; and we Ihall finilh the article with a chapter 
on the chemical analylis of minerals. 

Chap. I. Of the Description of Minerals. 

Nothing, at firft light, appears eafier than to de- 
feribe a mineral, and yet, in reality, it is attended with 
a great deal of difficulty. The mineralogical deferip- 
tions of the ancients are fo loofe and inaccurate, that 
many of the minerals to which they allude cannot be 
afeertained ; and confequently their obfervations, how- 
ever valuable in themfelves, are often, as far as refpedls 
us, altogether loft. It is obvious, that to diftinguilh a 
mineral from every other, we mull either mention fome 
peculiar property, or a colledlion of properties, which 
exift together in no other mineral. Thefe properties 
mull be deferibed in terms rigidly accurate, which con- 
vey precife ideas of the very properties intended, and of 
no other properties. The fmallell deviation from this 
would lead to confufion and uncertainty. Now it is 
impoffible to deferibe minerals in this manner, unlefs 
there be a peculiar term for each of their properties ; 
and unlefs this term be completely underftood. Minera- 
logy therefore mull have a language of its own ; that is 
to fay, it mull have a term to denote every mineralogi- 
cal property, and each of thefe terms mull be accurate- 
ly defined. The language of mineralogy was invented 
by the celebrated Werner of Freyberg, and firft made 
known to the world by the publication of his treatife 
on The External Characters of Minerals. Of this lan- 
guage we lhal! give a view in the following general de- 

4 feription of the properties of minerals (a). 
operties The properties of minerals may be divided into two 
niiiierab.clafl'es. iy?, Properties difcoverable without deftroying 

the texture of the mineral ; id> Properties refulting 
from the adlion of other bodies on it. The firft clafs 
has, by Werner and his difciples, been called external 
properties, and by fome French writers phyfeal; the 
fecond clafs has been called chemical. 

The external properties may be arranged under the 
following beads: 

Suppl. Vol. II. Part I. 
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1. Figure, 8. Duftility, 14. Sound, External 
2. Surface, 9. Frafture, 15. Smell, Characters, 
3. Tranfparency, 10. Texture, 16. Tafte, '"" v 

4. Colour, 11. Structure, - 17. Gravity, 
5. Scratch, 12. Fragments, 18. Magnetifrn, 
6. Luflre, 13. Feel, 19. Eledlricity. 
7. Hardnefs, ^ 

I. By figure is meant the fhape or form which a Figure, 
mineral is obferved to have. The fgure of minerals is 
either regular, particular, or amorphous. 1. Minerals 
which afiume a regular figure are faid to be cryftal- 
lized*. The Jules of a cryflal are called faces; the* See Che, 
(harp line formed by the inclination of two faces is call- mistry, 
edanet/gz’,- and the corner, or angle, formed by the^1.^1^ j 
meeting of feveral edges in one point, is called a folid ' ' “ ' 
angle, or fimply an angle. Thus a cube has fix faces, 
twelve edges, and eight angles. 2. Some minerals, 
though not cryftallized, affedl a yw/iWar figure. Thefe 
particular figures are the following : Globular, like a 
globe ; oval, like an oblong fpheroid ; ovate, like an 
egg; cheefe-Jhaped, a very flattened fpherc ; almond- 

Jhaped, like an almond ; centicular, like a double convex 
lenfe, comprefied and gradually thinner towards the 
edges ; cuneiform, like a wedge ; nodulous, having de- 
preffions and protuberances like a potatoe ; bot. joidal, 
like grapes clofely prefled together ; dentiform, longifh 
and tortuous, and thicker at the bottom than the top ; 
tvireform, like a wire ; capillary, like hair, finer than 
the preceding ; retiform, threads interwoven like a net; 
dentritic, like a tree, having branches ifluing from a 
common ftem \ Jhrubform, branches not arifir.g from a 
common ftem ; coraloidal, branched like coral ; faladi- 
tical, like ificles; clavated, like a club, long, and thicker 
at one end than another; fafeform, long ftraight cylin- 
drical bodies, united like a bundle of rods ; tubular, cy- 
lindrical and hollow. 3. When minerals have neither 
a regular nor particular ffiape, they are laid to be amor- 
phous. g 

II. By surface is meant the appearance of the ex- Surface, 
ternal furface of minerals. The futface is either uneven, 
compofed of fmall unequal elevations and depreffions ; 

fcabrous, having very fmall floarp and rough elevations, 
more eafily felt than feen ; drufy, covered with very mi- 
nute cryftals ; rough, compofed of very minute blunt ele- 
vations, eafily diftinguiftiable by the feel ; fcaly, compo- 
fed of very minute thin leale-like leaves ; frnooth, free 
from all inequality or roughnefs; fpecuiar, having a 
fmooth poliftied furface like a mirror ; or freaked, ha- 
ving elevated, ftraight, and parallel lines. This laft cha- 
radler is confined to the furface of cryftals. The freaks 
are either tranfverfe ; longitudinal; alternate, in different 
directions on different faces ; plumofe, running from a 
middle rib ; or decujfated, crofting each other. ^ 

III. By transparency is meant the proportion ofTranfpa- 
light which minerals are capable of tranfmitting. Theyrency. 
are tranfparent ax pellucid when objects can be feen dif- 
tindlly through them ; diaphanous, when objeCts are 

B b Teen 

(a) The fulleft account of Werner’s external characters which we have feen in the Engliffi language, has 
been given by Dr Townfon in his Philofophy of Mineralogy. We have availed ourfelves of this book, in order 
to exhibit fome of the lateft improvements of Werner and his difciples. The reader may alfo confult Werner's 
Treatife, publiffied at Leipfic in 1774; or the French tranfation publilhed at Dijon in 1790. See alfo Rome de 
Life. Des Car ablers Exterieur des Mineraux. And Hauy four, d’ Hif, Nat. II, 56. 
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8 
Colour. 

External feen through them indiftmftly \ fubdiaphanous, when ig it 
Chara&ers. fl-es in f0 fmall a quantity that objects cannot be 

£een through them (b) ; opaque, when no light is tranf- 
mitted. * 

When opaque minerals become tranfparent in water, 
they are called hydrophanous. When objects are feen 
double through a tranfparent mineral, it is faidto ref rad, 
doubly. . , 

IV. The colours of minerals may be reduced to eight 
claffes. 

1. Whites. 
Snow white. Pure white. 
Reddifh white. White with a light tint of red. 
Yellowifh white. White with a light tint of yellow. 
Silver white Yellowifh white with a metallic lultre. 
Greyilh white. White with a light tint of black. 
Greenifh white. W^hite with a light tint of green. 
Milk white. White with a light tint of blue. 
Tin white. Milk white of a metallic luftre. 

2. Greys. 
Bluifh grey. Grey with a little blue. . 
Lead grey. Bluifh grey with a metallic luftre. 
Pearl grey. Light grey with a flight mixture of vio- 

let blue. 
Smoke grey. Dark grey with a little blue and 

brown. 
Greenifli grey. Light grey tinged with green. 
Yellowifti grey. A light grey tinged with yellow. 
Steel grey. A dark grey with a light tint of yellow 

and a metallic luftre. 
Black grey. The darkeft grey with a tint of yellow. 

3. Blacks. 
Greyifh black. Black with a little white. 
Brownifh black. Black with a tint of brown. 
Black. Pure black. 
Iron black. Pure black with a fmall mixture of 

white and a metallic luftre. 
Bluilh black. Black with a tint of blue. 

4. Blues. 
Indigo blue. A dark blackifh blue. 
Pruffian blue. The pureft blue. 
Azure blue. A bright blue with fcarce a tint of 

red. 
Smalt blue. A light blue. 
Violet blue. A mixture of azure blue and carmine. 
Lavender blue. Violet blue mixed with grey. 
Sky blue. A light blue with a flight tint of green. 

5 Greens. 
Verdigris green. A bright green of a bluifh call. 
Seagreen. A very light green, a mixture of verdi- 

gris green and grey. 
Beryl green. The preceding, but of a yellowifti 

caft. 
Emerald green. Pure green. 
Grafs green. Pure green with a tint of yellow. 
Apple green. A light green formed of verdigris 

green and white. 
Leek green. A very dark green with a caft of 

brown. 
Blackifti green. The darkeft green, a mixture of 

leek green and black. 
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Piftachio green. Grafs green, yellow and a little External , ° Charaders* brown. , . . 1 . 
Olive green. A pale yellowilh green with a tint of 

brown. 
Afparagus green. The hghteft green, yellowilh 

with a little brown and grey. 
6. Telloivs. 

Sulphur yellow. A light greenifti yellow. 
Brafs yellow. The preceding, with a little lefs green 

and a metallic luftre. 
Lemon yellow. Pure yellow. 
Gold yellow. The preceding with a metallic luftre. 
Honey yellows A deep yellow with a little reddifli 

brown. 
Wax yellow. The preceding, but deeper. 
Pyritaceous. A pale yellow with grey. 
Straw yellow. A pale yellow, a mixture of fulphur 

yellow and reddifti grey. 
Wine yellow. A pale yellow with a tint of red. 
Ochre yellow. Darker than the preceding, a mix- 

ture of lemon yellow with a little brown. 
Ifabella yellow. A pale brownifti yellow, a mixture 

of pale orange with reddifli brown. 
Orange yellow. A bright reddifh yellow, formed of 

lemon yellow and red. 
7. Reds- 

Aurora red. A bright yellow red, a mixture of fear- 
let and lemon yellow. 

Hyacinth red. A high red like the preceding, but 
with a fhade of brown. 

Brick red. Lighter than the preceding ; a mixture 
of aurora red and a little brown. 

Scarlet red. A bright and high red with fcarce a 
tint of yellow. 

Copper red. A light yellowifti red with the metal- 
lic luftre. 

Blood red. A deep red, a mixture of crimfon and 
fcarlet. 

Carmine red. Pure red verging towards a caft of 
blue. 

Cochineal red. A deep red ; a mixture of carmine 
with a little blue and a very little grey. 

Crimfon red. A deep red with a tint of blue. 
Flefh red. A very pale red of the crimfon kind. 
Rofe red. A pale red of the cochineal kind. 
Peach bloflbm red. A very pale whitifti red of the 

crimfon kind. 
Mordore. A dark dirty crimfon red ; a mixture of 

crimfon and a little brown. 
Brownilh red. A mixture of blood red and brown. 

8. Browns. 
Reddifli brown. A deep brown inclining to red. 
Clove brown. A deep brown with a tint of carmine. 
Yellowifh brown. A light brown verging towards 

Ochre yellow. 
Umber brown. A light brown, a mixture of yel- 

lowifti brown and grey. 
Hair brown. Intermediate between yellow brown 

and clove brown with a tint of grey. 
Tombac brown. A light yellowifti brown, of a me- 

tallic luftre, formed of gold yellow and reddifli brown. 
, Liver 

,(B) ^fter Mr Kirwan, we have denoted thefe three degrees of tranfparency by the figures 4, 3, 2. When a 
mineral is fubdiaphanous only at the edges, that is denoted by the figure 1. Opacity is fometimes denoted 
by 0. 
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A dark brown ; blackiflr brown with 

treak. 

10 
,uftre. 

p hap. II* 
ixternal Liver brown, 
aiadtm. 3 tjnt Df green. 

Blackifli brown. The darkeft brown. 
Colours, in refpeil of intenfity, are either dark, deep, 

light, or pale. When a colour cannot be referred to 
any of the preceding, but is a mixture of two, this is 
expreffed, by faying, that the prevailing one verges to- 
wards the other, if it has only a fmall tint of it; pajfes 
into it, if it has a greater. 

V. By the scratch or streak, is meant the mark 
left when a mineral is fcratched by any hard body, as 
the point of a knife. It is either fimilar, of the fame 
colour with the mineral; or dijfimilar, of a different co- 
lour, 

VI. Lustre, is the glofs, or brightnefs which ap- 
pears on the external furface of a mineral, or on its in- 
ternal furface when frefh broken. The firfl: is called 
external, the fecond internal luttre. Luftre is either 
common, that which moft minerals polfefs ; filky, like 
that of filk or mother-of-pearl; waxy, like that of wax ; 
greafy, like that of greafe ; or metallic, like that of me- 
tals. 

As to the degree, the greateft is called Jplendent, 
the next Jhining, the third dullijh; and when only a few 
fcattered particles Ihine, the lultre is called dull (c). 

VII. We have ufed figures to denote the comparative 
hardness of bodies ; for an explanation of which, we 
refer to the article Chemistry, Vol. I. p, 226. of this 
Supplement. 

VIII. With refpedt to ductility and brittle- 
ness, minerals are either malleable; feElile, capable of 
being cut without breaking, but not malleable ; Jlexile, 
capable of being bent, and when bent retaining their 
fliape ; or elajlic, capable of being bent, but recovering 
their former fhape. Minerals deftitute of thefe pro- 
perties are brittle. Brittle minerals, with refpedf to the 
eafe with which they may be broken, are either very 
tough, tough, fragile, or very fragile. 

i&ure. IX. By fracture is meant the frefii furface which 
a mineral difplays when broken. It is either flat, with- 
out any general elevation or deprefiion ; or conchoidal, 
having wide extended roundifh hollows and gentle ri- 
fings. When thefe are not very evident, the frafture 
is called flat conchoidal; when they are fmall, it is call- 
ed fmall conchoidal; and when of great extent, great 
conchoidal. 

The fra&ure may alfo be even, free from all afperi- 
ties ; uneven, having many fmall, fharp, abrupt, irregular 
elevations and inequalities; and from the fize of thefe, this 
fra&ure is denominated coarfe, fmall, orfne ; fplintery, 
having fmall, thin, half detached, fharp edged fplinters, 
according to the fize of which this fradlure is denomi- 
nated coarfe or fne ; or rugged, having many very mi- 
nute fharp hooks, more fenfible to the hand than the 
eye. 

X. By texture is meant the internal ftru6ture or 
difpofition of the matter of which a mineral is compofed, 
which may be difcovered by breaking it. The texture is 
either compaB, without any diftinguifhable parts, or the 
appearance of being compofed of fmaller parts ; earthy, 
compofed of very minute almojl imperceptible rough 
parts ; granular, compofed of fmall fhapelefs grains ; 

11 
irdnefs. 

xi 
jidility 
J brit- 
nefs. 

ttture. 
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global form, compofed of fmall fpherical bodies; fibrous. External 
compofed of fibres which may be long, JJoort, ftraight, Charadters. 
crooked, parallel, divergent, Jlellated, fafciculated, or dec uf T "" 
fated: radiated, confifting of long narrow flattifh lamellae; 
or lamellar or foliated, confiding of fmooth continued 
plates covering each other ; thefe plates may be either 

Jlraight, crooked, or undulating. 15 
XI. The structure or compound texture is^truciture- 

the manner in which the parts that form the texture 
are difpofed. It is either Jlaty, in Itraight layers like 
date ; tejlaceous, in incurvated layers j concentric, in con- 
centric layers ; or columnar, in columns. 

The texture andJlruBure may at firfl; view appear the 
fame ; but in reality they are very different. Thus 
common Hate has often the Jlaty Jlrudure and earthy tex- 
ture- The texture of pitcoal is compadf, but its ftruc- 
ture is often flaty. ^ 

XII. By fragments is meant the fhape of the pieces pragmeiltgi 
into which a mineral breaks when ftruck with a ham- 
mer. They are either cubic ; rhomboidal; wedgejhaped; 

fplintery, thin, long, and pointed; tabular, thin, and 
broad, and fharp at the corners, as common flate ; or 
indeterminate, without any particular refemblance to any 
other body. The edges of indeterminate fragments are 
either very Jharp,Jharp,Jharpifh, or blunt. 

XIII. By the feel of minerals is meant the fenfa- Feel, 
tion which their furfaces communicate when handled. 
The feel of fome minerals is greafy, of others, dry, See. 

XIV. Some minerals when flruck give a clear gou^ 
sound, as common flate ; others a dull found. 

The smell, taste, specific gravity, and mag- 
netism of minerals, require no explanation. 

With refpeft to electricity, fome minerals become 
eledtric when heated, others when rubbed, others cannot 
be rendered eledtric. The eledfricity of fome minerals 
is pojitive or vitreous, of others negative or rejinous. 

As for the chemical properties of minerals, they 
have been already explained in the article Chemistry, 
which makes a part of this Supplement. And for the 
defeription of the blow-pipe, and the manner of ufing 
it, we refer the reader to a treatife on that fubjedt pre- 
fixed to the article Mineralogy in the Encyclopcedia. 

Chap. II. Of the Arrangement of Minerals. 

Minerals may be arranged two ways, according to 
their external charadters, and according to their chemi- 
cal compofition. The firfl of thefe methods has been 
called an artificial claffification ; the fecond, a natural 
one. The firfl is indifpenfably neceffary for the flu- 
dent of nature ; the fecond is no lefs indifpenfable for 
the proficient who means to turn his knowledge to ac- 
count. Without the firfl:, it is impoffible to difeover the 
names of minerals; and without the fecond, we mult re- 
main ignorant of their ufe. 

Almofl every fyltem of mineralogy hitherto publifh- 
ed, at leafl fince the appearance of Werner's external 
charaEters, has attempted to combine thefe two arrange- 
ments, and to obtain at one and the fame time the ad- 
vantages peculiar to each. Bnt no attempt of this 
kind has hitherto fucceeded. Whether this be owing 
to any thing impoffible in the undertaking, or to the 
 B b 2 prefent 

(c) Thefe four degrees have been denoted by Kirwan by the figures 4, 3, 2, 1, and no luftre by 0. We have 
unitated him in the prefent article. 
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Artificial prefent imperfe& Hate of mineralogy, as is more pu> 

Syftem. babie> we not take upon us to determine. But 
v furely the want of fuccefs, which has hitherto attended 

all attempts to combine the two arrangements, ought 
to fuggeft the propriety of feparating them. By adhe- 
ring ftri&ly to one language, the trouble of ftudying 
two different fyftems would be entirely prevented. They 
would throw mutual light upon each other ; the artifi- 
cial fyftem would enable the lludent to difcover the 
names of minerals; the natural would enable him to ar- 
range them, and to ftudy their properties and ufes. 

The happy arrangement of Cronftedt, together with 
the fubfequent improvements of Bergman, Werner, Kir- 
wan, Hauy, and other celebrated mineralogifts, has 
brought the natural fyftem of mineralogy to a confider- 
able degree of perfection. But an artificial fyftem is 
ftill a defideratum ; for excepting Linnjeus, whofe fuc- 
cefs was precluded by the ftate of the fcience, no one 
has hitherto attempted it. Though we are very far 
from thinking ourfelves fufficiently qualified for under- 
taking fuck a talk, we ftiall neverthelefs venture, in the 
next chapter, to fketch out the rudiments of an artificial 
fyftem. The attempt, at leaft, will be laudable, even 
though we ftiould fail. 

Chap. Ill, 

19 
Artificial 
dafics. 

Chap. III. Artificial System. 

Minerals may be divided into fix-clafles : 
1. Minerals that cannot be fufed by the blow-pipe 

per fie. 
2. Minerals fahble per fe by the blow-pipe. 
3. Minerals fufible by the blow-pipefe when ex- 

pofed to the blue flame, but not when expofed to the 
yellow flame. 

4. Minerals fufible per fe by the blow-pipe ; and 
when in fufion, partly evaporating in a vifible fmoke. 

5. Minerals which totally evaporate before the blow- 
PJPe- . . 

6. Minerals totally foluble in muriatic acid with ef- 
fervefcence, the folution colourlefs. 

Under thefe heads we fhall arrange the fubje&s of 
the mineral kingdom. 

Class I. INFUSIBLE. 
ORDER I. Specific gravity from 16 to 12. 

Genus I. Colour whitifti iron grey. 
Species 1. Native platinum. 

ORDER II. Sp. gr. 8.^844 to 7.006. 
Genus I. Attrafted by the magnet. 

Sp. 1. Native iron. 
Genus II. Not attradfed by the magnet. 

Sp. 1. Native copper. 
Flexible and malleable. Colour ufually 

red. 
Sp. 2. Wolfram. 

Brittle. Colour ufually brown or black. 
ORDER HI. Sp. gr. from 6.4509 to 5.8. 

Genus I. Forms a blue glafs with microcofmic 
fait, which becomes colourlefs in the yellow, but 
recovers its colour in the blue flame. 

Sp 1. Tungftat of lime. 
Genus II. Forms with microcofmic fait a 

manently coloured bead. 
• Sp. I. Sulphuret of cobalt. 

per- 

A L O G Y. 
ORDER IV. Sp. gl*. from 4 8 to 4.5. Artificial 

Genus I. Tinges borax dark green. Syftem. 
Sp. I. Common magnetic iron Hone. y 

Genus II. Tinges borax reddifh brown. 
Sp. I. Grey ore of manganefe. 

ORDER V. Sp. gr. from 4.4165 to 3 092. Infu* 
Able with fixed alkalies. 

Genus I. Hardnefs 20. 
Sp. 1. Diamond. 

Genus II. Hardnefs 15 to 17. Caufes Angle re- 
fradfion. 

Sp. 2. TeleAa. 
Sp. 2. Corundum. 

Genus III. Hardnefs 13. Single refradtion. 
Sp. 1. Ruby. 

Cryftallizes in odlahedrons. 
Genus IV. Hardnefs 12. Single refradlion. 

Sp. Chryfoberyl. 
Genus V. Hardnefs 12. Caufes double refradlion. 

Becomes eledtric when heated. 
Sp. 1. Topaz. 

Genus VI. Hardnefs 10 to 16. Double refrac- 
tion. Sp. gr. 4.2 to 4.165. 

Sp. 1. Zircon. 
Genus VII. Hardnefs 6 to 9. Feels greafy. 

Sp. 1. Cyanite. 
Genus VIII. Hardnefs 9 to 10. Feel not greafy. 

Double refradlion. Sp. gr. 3.283 to 3.285. 
Sp. r. Chryfolite. 

Genus IX. Hardnefs 12. InfuAble with borax. 
Colour of large maffes black, of thin pieces 
deep green. 

Sp. 1. Cylanite. 
(Phofphat of lime.) 

ORDER VI. Sp. gr. from 2.9829 to 1.987. Infufible 
with fixed alkalies. 

Genus I. Hardnefs 12. 
Sp. 1. Emerald. 

Genus II. Hardnefs 10. 
Sp. 1. Jade. 

G enus III. Hardnefs 6 to 7. Somewhat tranf- 
parent. 

Sp. I. Phofphat of lime. 
Before the blow-pipe becomes furrounded 

with a luminous green vapour. 
Genus IV. Hardnefs 6. Opaque. 

Sp. 1. Micarelle. 
Genus V. Stains the fingers. Colour lead grey. 

Sp. I. Plumbago. 
Spanifh wax rubbed with plumbago does 

not become eledtric ; or if it does, the 
■ eledlricity is negative. Streak lead grey 

even on earthen ware. 
ORDER VII. Sp. gr. from 4.7385 to 4.569. Fufible 

with fixed alkalies. 
Genus I. Stains the fingers. Colour lead grey. 

Sp. 1. Molybdena. 
Spanifh wax rubbed with molybdena be- 

comes pofitively eledtric. Streak on 
earthen ware yellowifh green. ' 

VIII. Sp. gr. from 4.1668 to 2,479. Fu- 
fible with fixed alkalies. 

* Hardnefs from 10 to 12. 

Gehus 
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Artificial Genus T. Ufually white. Cryftals dodecahedrons. 
Syftem. Double refraftion. Fracture impertedtly con- 
“ v ,"J choidal or fplintery. Brittle. 

Sp. i. Quartz. 
Genus II. Ufually dark brown. Fra&ure perfect- 

ly conchoidal. Brittle. Eafily breaks into fplin- 
ters. 

Sp. I. Flint. 
Genus III. Not brittle. Fra&ure even or im- 

perfectly conchoidal. 
Sp. i. Chalcedony. 
Sp. 2. Jafper. 

Genus IV. Forms with potafs a violet glafs, with 
foda or borax a brown glafs, with microcofmic 
fait a honey yellow glafs. Colour green. A- 
morphous. 

Sp i. Chryfoprafium. 
Genus V. Tinges foda red. The colour difap- 

pears before the blue flame, and returns before 
the yellow flame. 

Sp. i. Oxide of manganefe and barytes. 
Sp. 2. Black ore of manganefe. 
Sp. 3. Carbonat of manganefe. 

(Brown ore of iron. Red ore of iron.) 
** Hardnefs 9 to 3. 

Genus VI. Flexible and elaftic in every direction. 
Sp. 1. Elaftic quartz. 

Genus VII. Emits white flakes before the blow- 
pipe. 

Sp. 1. Blende. 
Genus VIII* Becomes eledtric when heated. 

Sp 1. Calamine. 
Genus IX. Tinges borax green. Blackens before 

the blow-pipe. 
Sp. 1. Mountain blue. 

Colour blue. 
Sp. 2. Green carbonat of copper. 

Colour green. 
Genus X. Tinges borax green. Becomes attract- 

able by the magnet by the aCtion of the blow- 
pipe. 

Sp. I. Brown iron ore. 
Colour brown. 

Sp. 2. Red iron ore. 
Colour red. 

Genus XI. Tinges borax fmutty yellow. Be- 
comes brownifh black before the blow-pipe, 

Sp. 1. Carbonat of iron. 
Genus XII. Feels greafy. 

Sp. 1. Steatites. 
(Black ore of Manganefe. Carlonat of 

manganefe. Mica.) 

ORDER IX. Sp. gr. from 2.39 to 1.7. 
Genus I. Luftre glafly. 

Sp. 1. Opal. 
Sp. 2. Hyalite. 

Genus II. Luftre greafy. 
Sp. 1. Pitchftone. 

Genus III. Luftre waxy or pearly. 
Sp. 1. Staurolite. 

Class II. FUSIBLE. 
ORDER I. Sp. gr. from 19 to 10. 

Genus I. Colour yellow. 

Sp. 1. Native gold. . 
Genus II. Colour white. , 

Sp. J. Native iilver. 
Genus III. Colour yellowifh white. 

Sp. 1. Alloy of filver and gold. 

ORDER II. Sp. gr. from 7.786 to 4.5. 
Genus I. Flexible and malleable. 

Sp. I. Sulphuret of filver. 
Brittle. 

Genus II. Tinges borax white. 
Sp. Tinftone. 

Genus III. Tinges borax green. 
Sp. I. Sulphuret of copper. 

Colour bluifh grey. 
Sp. 2. Chromat of lead. 

Colour aurora red. 
Sp. 3. Purple copper ore. 

Colour purple. 
Genus IV. Tinges borax faint yellow. Becomes 

black when expofed to the vapour of fulphuret 
of ammonia. 

Sp. 1. Galena. 
Colour bluilh grey. Luftre metallic. 

Fragments cubic. 
Sp. 2. Black lead ore. 

Colour black. Luftre metallic. 
Sp. 3. Lead ochre. 

Colour yellow, grey, or red. Luftre 0, 
Sp. 4. Carbonat of lead. 

Colour white. Luftre waxy. 
Sp. 5. Phofphat of lead. 

Ufually green. Luftre waxy. Af- 
ter fufion by the blow-pipe cry- 
ftallizes on cooling. 

Sp. 6. Molybdat of lead. 
Colour yellow. Streak white. Luftre 

waxy. 

ORDER III. Sp. gr. from 4.35 to 3. 
* Hardnefs 14 to 9. 

Genus I. Melts without frothing into a grey en- 
amel. 

Sp. 1. Garnet. 
Colour red. 

Genus II. Melts into a browniih enamel. 
Sp. 1. Shorl. 

Colour black. Opaque. 
Genus III. Froths and melts into a white enamel. 

Sp. 1. Tourmaline. 
Becomes eledlric by heat. 

Genus IV. Froths and melts into a greenifti black 
enamel. 

Sp. 1. Bafaltine. 
Genus V. Froths and melts into a black enamel. 

Sp. 1. Thallite. 
Colour dark green. 

Sp. 2. Thumerftone. 
Colour clove brown. 
** Hardnefs 5 to 8. 

Genus VI. Melts into a tranfparent glafs. 
Sp. I. Fluat of lime. 

Powder phofphorefces when thrown 
on a hot iron. 

Genus VII. Melts into a black glafs. 
Sp . a 
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S/>. i. Hornblende. 

Genus VIII. Melts into a black bead with a ful- 
phureous fmell, and depolits a blue oxide on the 
charcoal. 

Sp. i. Sulphuret of tin. 
Genus IX. Melts into a brown glafs. Tinges 

borax violet. 
Sp. i Afbeftoid. 

Colour green. 
Genus X. Melts into a brown (?) glafs. When 

fufed with potafs, and diflblved in water, the 
folution becomes of a fine orange yellow. 

Sp. i. Chromat of iron. 
Genus XL Before the blow-pipe yields a bead of 

copper. 
Sp. I. Red oxide of copper. 

f Sulphuret of copper.) 

ORDER IV. Sp. gr. from 2.945 to 2.437. 
Genus 1. Compofed of fcales. 

Sp. I. Talk. 
Feels greafy. Spaniih wax rubbed 

by it becomes politively eledtric. 
Genus IT. Compofed of thin plates, eafily fepa- 

rable from each other. 
Sp. I. Mica. 

Plates flexible and elaftic, may be 
torn but not broken. Spanifh 
wax rubbed by it becomes nega* 
lively eledfric. 

Sp' 2. Stilbite. 
Plates fomewhat flexible. Colour 

pearl white. Powder renders fy- 
rup of violets green. Froths and 
melts into an opaque white enamel. 

Sp. 3. Lepidolite. 
Colour violet. Powder white with 

a tint of red. Froths and melts 
into a white femitranfparent ena- 
mel full of bubbles. 

Genus III. Texture foliated. 
Sp. 1. Felfpar. 

Fragments rhomboidal. Hardnefs 
9 to JO. 

Sp. 2. Leucite. 
Always cryftallized. White. Pow- 

der renders fyrup of violets green. 
Hardnefs 8 to 10. 

Sp. 3. Argentine felfpar. 
Always cryftallized. Two faces dead 

white, two filvery white. 
Sp. 4. Prehnite. 

Colour green. Froths and melts in- 
to a brown enamel. 

Genus IV. Texture fibrous. Fibres eafily fepa- 
rated. 

Sp. 1. Afbefius. 
Feels fomewhat greafy. 

Genus V. Texture ftriated. 
Sp. 1. ^Edelite. 

Abforbs water. Froths and melts 
into a frothy mafs. 

Genus VI. Texture earthy or compaft. 
Sp. 1. JLazulite. 

Froths and melts into a yellowilh 

Artificial 
Ryficm. 

A L O L Y, Chap. HI. 
black mafs. If previoufly calci- Artificial 
ned, gelatinizes with acids. , . 

Sp. 2. Borat of lime. ’ ' ' 
Tinges the flame greenhh, froths and 

melts into a yellowilh enamel gar- 
nifhed with fmall projecting points. 
If the blaft be continued, thefc 
dart off in fparks. 

ORDER V. Sp. gr. from 2.348 to 0.68. 
Genus I. Hardnefs 10. 

Sp. 1. Obfidian. 
Colour blackifli, in thin pieces green. 

Genus II. Hardnefs 6 to 8. 
Sp. I. Zeolite. 

Gelatinizes with acids. Becomes e- 
lectric by heat. 

Genus III. Hardnefs 3 to 4. 
iS^. 1. Amianthus. 

Feels greafy. Texture fibrous. 
Sp. 2. Mountain cork. 

Elaftic like cork. 

Class III. FUSIBLE by the BLUE FLAME, 
INFUSIBLE by the YELLOW. 

Genus I. Sp. gr. from 4.43 to 4.4. 
Sp 1. Sulphat of barytes. 

Genus II. Sp. gr. from 3.96 to 3.51. 
Sp. 1. Sulphat of ftrontites. 

Genus III. Sp. gr. from 2.311 to 2.167. 
Sp. x. Sulphat of lime. 

Class IV. FUSIBLE, and partly EVAPORA* 
TING. 

ORDER I. Sp. gr. from 10 to 5. 
Genus I. Colour white or grey. Luftre metallic. 

* Sp. gr. 9 to 10. 
Sp. I. Native amalgam. 

Tinges gold white. Creaks when cut. 
Sp. 2. Alloy of filver and antimony. 

Powder greyifh black. 
** Sp. gr. from 6.467 to 5.309. 

Sulphuret of bifmuth. 
Melts when held to the flame of a 

candle. 
Dull grey cobalt ore. 

Streak bluifti grey. Hardnefs 10. 
When ftruck emits an arfenical 
fmell. Luftre fcarcely metallic. 

Colour red, at leaft of the ftreak. 
Red filver ore. 

Burns with a blue flame. 
Hepatic mercurial ore. 

Does not flame, but gives out mer« 
cury before the blow-pipe. 

Genus III. Colour blue. 

Sp- 3- 

Sp. 4. 

Genus II. 
Sp. 1. 

Sp. 2. 

Sp. x. Blue lead ore. 
Burns with a blue flame and fulphu- 

reous fmell, and leaves a button of 
lead. 

Genus IV. Colour yellowiftx green. 
Sp. 1. Phofphat and arfeniat of lead combined. 

When fufed by the blow-pipe, cry- 
ftallizes on cooling. 

Genus V. Colour ufually that of copper. Sp. 
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gr. 6.6084 to 6 6481. 

Sp, I. Sulphuret of nickel. 
Exhales before the blow-pipe an ar- 

fenical fraoke. 

ORDER II. Sp. gr. from 4.6 to 3.44. 
Genus I. Colour grey. 

Sp. I. Grey ore of antimony. 
Burns with a blue flame, and leaves 

a white oxyd. 
Sp. 2. Grey copper ore. 

Crackles before the blow-pipe. 
Genus II. Colour yellow. 

Sp. 1. Pyrites. 
Burns with a blue flame and fulphu- 

reous fmell, and leaves a brownifli 
bead. 

Sp. 2. Yellow copper ore. 
Melts into a black mafs. 

C*ass V. EVAPORATING. 

ORDER I. Sp. gr. 13.6. 
Genus I. Fluid. 

Sp. 1. Native mercury. 
ORDER II. Sp. gr. from 10 to 5.419. 

Genus I. Colour red. 
Sp. 1. Native cinnibar. 

Ge-nus II. Colour white or grey. Luftre me- 
tallic. 

Sp. I. Native bifmuth. 
Melts into a white bead, and then 

evaporates in a yellowilh white 
fmoke. Sp. gr. 9 to 9.5. 

Sp. 2. Native antimony. 
Melts and evaporates in agrey fmoke. 

Sp. gr. 6.6 to 6.8. 
Sp. 3. Native arl'enic. 

Evaporates without melting, and 
gives out a garlic fmell. 

ORDER III. Sp. gr. from 4.8 to 3.33. 
Genus I. Colour red. 

Sp. 1. Red antimonial ore. 
Melts with a fulphureous fmell. Sp. 

gr* 4‘7* 
Sp. 2. Realgar. 

hlelts with a garlic fmell. Sp. gr. 
3-384 

Genus II. Colour yellow. 
Sp. 1. Orpiment. 

Class VI. SOLUBLE with EFFERVESCENCE 
in MURIATIC ACID. 

Genus I. Sp. gr. from 4-338 to 4.3. 
Sp. 1. Carbonat of barytes. 

Genus II. Sp gr. from 3.66 to 3.4. 
Sp. 1. Carbonat of ftfontites. 

Genus III. Sp. gr. from 2.8 to 1 or under. 
Sp. 1. Carbonat of lime. 

We have purpofely avoided giving names to the claf- 
fes, orders, and genera ; becaufe a more careful exami- 
nation will doubtlefs fuggeft many improvements in the 
arrangement, and an artificial fyftem ought to be brought 
to a great degree of perfection before its clafles, orders, 
and genera be finally fettled. 

We have excluded from this arrangement all thofe 
bodies which in the following fyftem are arranged un- 
der-the clafs of combuftibles; becaufe there can fcarce- 
ly be any difficulty in diftinguiftiing them both from 
the other clafles and from one another. For fimilar 
reafons we have excluded the clafs of falts. 

Chap. IV. Natural System. 

Avicenna, a writer of the nth century, divided mi- 
nerals into four clafles ; ftones, falts, inflammable bodies, 
and metals (d). This divifion has been, in fome mea- 
fure, followed by all fucceeding writers. Linnteus, in- 
deed, the firft of the moderns who publifhed a fyftem of 
mineralogy, being guided by the external characters 
alone, divided minerals into three clafles, petra, minera, 
fojjiha: but Avicenna’s clafles appear among his orders. 
The fame remark may be made with refpeCl to the fyf- 
tems of Wallerius, Wolfterdorf, Cartheufer, and Jufti, 
which appeared in fucceffion after the firft publication 
of Linnaeus’s Syjiema Nature, in 173^- At laft in 
1758, the fyftem of Cronftedt appeared. He reinftated 
the clafles of Avicenna in their place; and his fyftem 
was adopted by Bergman, Kirwan, Werner, and the 
moil celebrated mineralogifts who have written fince. 
We alfo (hall adopt his clafles, with a few flight excep- 
tions; becaufe we are not acquainted with any other 
divifion which is intitled to a preference. 

We fliall therefore divide this treatife into four clafles. 
I. Stones. II. Salts. III. Combuftibles. IV. Ores. 

The firft clafs comprehends all the minerals which 
are compofed chiefly or entirely of earths; the fecond, 
all the combination of acids and alkalies which occur 
in the mineral kingdom ; the third, thofe minerals which 
are capable of combuftion, and which confift chiefly of 
fulphur, carbon, and oil; the fourth, the mineral bo- 
dies which are compofed chiefly of metals. 

irfiScial 

Class I. EARTHS and STONES. 

VITE fhall divide this clafs into three orders. The firft 
^ * order fhall comprehend all chemical combinations 

of earths with each other; the fecond order, chemical 
combinations of earths with acids ; and the third order, 
mechanical mixtures of earths or ftones. All the minerals 

belonging to the firft order exhibit the fame homoge- 
neous appearance to the eye as if they were Ample bo- 
dies. We ffiall therefore, for want of a better name, 
call the firft order Jimple ; the fecond order we fhall di- 
ftinguifh by the epithet offaline ; and the third we fhall 

- call 

(d) Corpora mineralia in quatuor fpecies dividuntur, fcilicet in lapides, et in liquifadliva, fulphurea, et fales. 
Et horum quaedam funt raise fubftantiae et debilis compofitionis, et quaedam fortis lubftantize, et qusedam dudli- 
bilia, et qusedam non. Avicenna de congelatione et conglutinatione lapidum, Cap. 3. Theat rum Chemicum 
t. iv. p. 997. 
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Natural 
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Earths and call aggregates } because nioft or the minerals belonging 

Stones to it con0f variousJimpleJlones, cemented, as it were, 
together. 

Order I. SIMPLE STONES. 
41 

Croniledt’s Cronstedt divided this order into nine genera, cor- 
genera. refponding to nine earths; one of which he thought 

compofed the {tones arranged under each genus. The 
names of his genera, were calcara, Jilica, granatin#, 
argillacea, micac#, Jluores, ajbcjlinee, %eolilhic#, magnefia. 
All his earths were afterwards found to be compounds, 
except the firft, fecond, fourth, and ninth. Bergman, 

24 therefore, in his Sciagraphia, firft publifhe-d in 1782, 
Improved, reduced the number of genera to five ; which was the 

number of primitive earths known when he wrote. Since 
that period three new earths have been difcovered. Ac- 
cordingly, in the lateft fyftems of mineralogy, the ge- 
nera belonging to this order amount to eight. Each 
genus is named from an earth ; and they are arranged 
in the neweft Wernerian fyftem, which we have feen, 
as follows : 

1. Jargon genus. 5. Magnefian genus. 
2. Siliceous genus. 6. Calcareous genus. 
3. Glucina genus. 7. Batytic genus. 
4. Argillaceous genus. 8. Strontian genus. 
Mr Kirwan, in his very valuable fyftem of mineralo- 

gy, has adopted the fame genera. Under each genus, 
thofe (tones are placed, which are compofed chiefly of 
the earth which gives a name to the genus, or which 
at lead are fuppofed to pofiefs the characters which di- 
ftinguifh that earth. 

Still defici- A little confideration will be fufficient to difcover 
ent. that there is no natural foundation for thefe genera. 

Moft ftones are compofed of two, three, or even four 
ingredients ; and, in many cafes, the proportion of two 
or more of thefe is nearly equal. Now, under what 
genus foever fuch minerals are arranged, the earth which 
gives it a name muft form the fmallelt part of their com- 
pofition. Accordingly, it has not been fo much the 
chemical compofition, as the external character, which 
has guided the mineralogift in the diftribution of his 
fpecies. The genera cannot be faid properly to have 
any character at all, nor the fpecies to be connected by 
any thing elfe than an arbitrary title. This defeCt, 
which muft be apparent in the moft valuable fyftems of 
mineralogy, feems to have arifen chiefly from an attempt 
to combine together an artificial and natural fyftem. 
As we have feparated thefe tw;o from each other, it be- 
comes neceflary for us to attend more accurately to the 
natural diftribution of genera than has hitherto been 
done. We have accordingly ventured to form new ge- 
nera for this order, and we have formed them according 

24 to the following rules. 
New gene- The only fubftances which enter into the minerals 
ra" belonging to this order, in fuch quantity as to deferve 

attention, are the following : 
Alumina, Glucina, 
Silica, Zirconia, 
Magnefia, Oxide of iron, 
Lime, Oxide of chromum, 
Barytes, Potafs, 

A L 0 G Y Order I, 
All thofe minerals which are eompofcd of the fame Simpli 

ingredients we arrange under the fame genus. Accord-, Stonei,'J 
mg to this plan, there muft be as many genera as there ' v 

are varieties of combinations of the above fubftances ex- 
ifting in nature. The varieties in the proportion of the 
ingredients conftitute fpecies. We have not impofed 
names upon our genera, but, in imitation of Bergman*,* iv. 
have denoted each by a fymbol. This fymbol is com-^i* 
pofed of the firft letter of every fubfttmce which enters 
in any confiderable" quantity into the compofition of the 
minerals arranged under the genus denoted by it. Thus, 
fuppofe the minerals of a genus to lie compofed of alu- 
mina, filic a, and oxide of iron, we denote the genus by 
the fymbol afi. The letters are arranged according to 
the proportion of the ingredients ; that which enters in 
the greateft proportion being put firft, and the others 
in their order. Thus the genus afi is compofed of a 
confiderable proportion of alumina, of a fmaller propor- 
tion of filica, and contains leaft of all of iron. By this 
contrivance, the fymbol of a genus contains, within the 
compafs of a few letters, a pretty accurate defcription 
of its nature and chara&er. Where the proportions 
of the ingredients vary in the fame genus fo much, that 
the letters which conftitute its fymbol change their 
place, we fubdivide the genus into parts ; and whenever 
the minerals belonging to any genus become too nume- 
rous, advantage may be taken of thefe fubdivifions, and 
each of them may be formed into a feparate genus. At 
prefent this feems unneceflary (e). 

The following is a view of the different genera be- 
longing to this order, denoted each by its fymbol. Every 
genus is followed by the fpecies included under it ; and 
the whole are in the order which we mean to follow in 
defcribing them : 
I. A. VI. I. ASI. 

Micarell, Telefia, 
Corundum, 
Native alumina. 

II. AMC. 
Ruby. 

III. aim. 
Ceylanite. 

IV. s. 
Quartz, 
Elaftic quartz, 
Flint, 
Opal, 
Pitchftone, 
Chryfoprafium. 

V. I. AS. 
Topaz, 
Sommite, 
Shorlite. 

2. SA. 
Rubellite, 
Hornflate, 
Hornftone, 
Chalcedony, 
Jafper. 
Tripoli. 

Shorl, 
Granatite, 

2. s a 1. 
v Tourmaline, 

Argentine felfpar, 
Mica, 
Talc, 
Bafaltine, 
Hornblende, 
Obfidian, 
Petrilite, 
Felfite. 

VII. SAP. 
Felfpar, 
Lepidolite, 
Leucite. 

VIII. SAG. 
Emerald. 

IX. SAB. 
Staurolite. 

X. I. ASL. 
Chryfoberyl. 

2. SAL. 
Plyalite, 
iEdelite. 

(e) We need hardly remark, that the laft three genera of Werner belong to the fecond order of the firft clafs 
of this treatife. 
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S AWL. 
Zeolite, 
Stilbite, 
Analcime. 

SLA. 
Lazalite. 

XL S A LI. 
Garnet, 
Thumerftonc, 
Prehnite, 
Thallite. 

XII. I. AMS. 
Cyanite. 

2. MSA. 
Serpentine. 

XIII MSAI. 
Potftone, 
Chlorite. 

XIV. SLAM. 
Silicedus fpar. 

MINER 
XV. SAMLI. 

Argillite. 
XVI. SM. 

Kiffekill, 
Steatites. 

XVII. MSI. 
Chryfolite, 
Jade. 

XVIII. SML. 
Albedos, 
Albeftinite. 

XIX- i. SILM. 
Pyroxen, 
Albeftoid. 

2. SMIL. 
Aftinolite. 

XX. SL. 
Shillofe horndone. 

XXL zs. 
Zircon. 

A L O G Y. 
are ilofcdes triangles, having the angle at their vertex 

0 54', and each of thofe at the bale 78° 48' (g). 
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Simple 
istones. 

Ibid. 

Hauy. 

Genus I. a. 
species i. Telefia (f). 

Oriental ruby, fapphire, and topaz, of mineralogids.— 
Rubix d’orient of De Lille. 

Three dones, didinguilhed from each other by their 
colour, have long been held in high edimation on ac- 
count of their hardnefs and beauty. Thefe dones were 
known among lapidaries by the names of ruby, fapphire, 
and topaz, and the epithet oriental was ufually added, to 
didinguilh them from other three, known by the fame 
names and the fame colours, but very inferior in hard- 
nefs and beauty. Mineralogids were accudomed to 
confider thefe dones as three didiruEt fpecies, till Rome 
de Lille obferved that they agreed in the form of their 
crydals, their hardnefs, and mod of their other proper- 
ties. Thefe obfervations were fufficient to conllitute 
them one fpecies ; and accordingly they were made one 
fpecies by Rome de Lille himfelf, by Kirwan, and fe- 
veral other modern mineralogical writers. But this 
fpecies was deditute of a proper name, till Mr Hauy, 
whofe labours, didinguifned equally by their ingenuity 
and accuracy, have contributed not a little to the pro- 
grefs of mineralogy, denominated it telejia, from the 
Greek word rfAja-^r, which fignifiesperfect. 

The telelia is found in the Ead Indies, efpecially in 
Pegu and the illand of Ceylon ; and it is mod common- 
ly crydallized. The crydals are of no great fize : Their 
primitive form, according to Mr Hauy, is a regular iix- 
lided prifm, divilible in direttions parallel both to its 
bafes and its fides ; and confequently giving for the 
form of its primitive nucleus, or of its integrant molecule, 
an equilateral three-dded prifm *. The mod ufual va- 
riety is a dodecahedron, in which the telelia appears un- 
der the form of two very long flender lix-fided pyra- 
mids, joined bafe to bafe f. The fides of thefe pyramids 

Suppl.Vol. II. Part I. 

22 
The inclination of a lide of one pyramid .to a contigu- 
ous fide of the other pyramid is 54 J. In fome t ibid and 
fpecimens the fummits of the pyramids are wanting, fo Home de 
that the cryital has the appearance of a fix (ided prifm, 
fomewhat thicker in the middle than towards the extre-^' 
mities $. The three alternate angles at each extremity of § a* 
th is prifm are alfo fometimes wanting, and a fmail trian- 
gular face indead of them, which renders the bafes of the 
fuppofed prifm nine-fided. The inclination of each of 
thefe fmall triangles to the bafe ;s 122° 18 For figures ^ Hauy,ibid. 
of thefe crydals we refer the reader to Rome de Lide 
and Hauy ||. | 

The texture of the telefia is foliated, and the joints 
are parallel.to the bafe of the prifm*. Its ludre va- 
ries from 3 to 4 (h). Tranfparency ufually 3 or 4, 
fometimes only 2. It caufes only a fingle refraction. 
Specific gravity from 4. to 4.288. Hardnefs from 15 
to 17. It is either colourlels or red, yellow or blue. 
Thefe colours have induced lapidaries to divide the te- 
lefia into the three following varieties. 

Variety 1. Red telefia. 
Oriental ruby. 

Colour carmine red, fometimes verging towards vio- 
let. Sometimes various colours appear in the fame done, 
as red and white, red and blue, orange red. Hardnefs 
17. Sp. gr. 4.288. 

Variety 2. Yellow telefia. 
Oriental topaz. 

Colour golden yellow. Tranfp. 4. 
Sp. gr. 4.0106. 

Variety 3. Blue telefia. 
Oriental fapphyr. 

Colour Berlin blue, often fo very faint that the done 
appears almod colourlefs. Tranfp. 3, 4, 2. Hardnefs 
17. Sp. gr. 3.991 to 4.083 f. That variety is not 
probably the fame with the fapphyr of the ancients 
Their fapphyr was didinguiflied by gold-coloured fpots, 5ro“r'ia‘II* 
none of which are to be feen in the fapphyr of the mo- 
dtrnsp _ . | Hill’s 

A fpecimen of this lad variety, analyfed by Mr Kh- Tbeopbra- 
proth, was found to contain in 100 parts. Jus, mpi 

08 t alumina, r“,' 
j r • P- 100. 1.0 oxyd ot iron, r 

0.5 lime, 

IOO.O $ ... V iieitrdge, 
The colouring matter of all thefe varieties is, accord- j. 81. 

ing to Bergman’s experiments, iron in different dates 
of oxydation. He found that the topaz contained .06, 
the ruby .1, and the fapphyr .02 of that metal ||. But|| Bergman, 
when thefe experiments were made, the analyfis of dones ii. 96. 
was not arrived at a fufficient degree of perfection to 
enfure accuracy. No conclufion, therefore, can be 
drawn from thefe experiments, even though we were 
certain that they were made upon the real varieties of 
telefia. 

C c 

Hardnefs 15. 

Grev 
\icboifon s 

SPECIES 

(f) See Kirovan's Mineralogy, I. 250.—Gmelin’s Syjlema Natures of Linneus, III. l^O.—Rome de Lifle's 
Cryjlallographie, II. 212.—Bermanni Opufcula, II. 72. 

(g) In feme indances, the angle at the vertex is 31°, thofe at the bafe 740 30', and the inclination of two 
triangles 122° 36'. See Hauy, ibid. 

(h) When the kind of luftre is not fpecified, as in the prefent indance, the common is always meant. 



202 
Earths and 

Stones. 

36 
Corundum. 

♦ Garroiv 
and Gre- 

Ni - 
cbolfon’s 
"Your. ii. 
54°* 
+ Grcville, 
ibid. 
| Jour, de 
Min N° 
xxviii. 261. 
§ iWc/jo/- 
Jen's Jour. 
di. 541. 
t Fig- 3- 
)i Fig. 4 

De Bour 
non. 

f See alfo 
jiauy, Jour, 
de min. Nrj 

sxviii. 261. 

t Klaproth 
See alfo 
JVIr Gre- 
•ville, Ni. 
tbolfon s 
Jour. iii. 11 

SPEdiES 2. Corundum (1). 
Corundum of Gmtlin- ddmuntme of Klaproth 

and Kirwan - Corindon of Hauy Corundum of 
Woodward. , . , 

This ftone, though it appears to have been known to 
Mr Woodward, may be fatd to have been hrtf diftm- 
euifhed from other minerals by Dr Black. In 1768, 
Mr Berrv, a lapidary in Edinburgh, received a box of 
it from Dr Anderfon of Madras. Dr Black afcertain- 
ed, that thefe fpecimens differed from all the Hones 
known to Europeans ; and, in confequence of its hard- 
nefs, it obtained the name of adamantine /par. Not- 
withftanding this, it could fcarcely be faid to have been 
known to European mineralogifts till Mr Greville of 
London, who has done fo much to promote the fcience 
of mineralogy, obtained fpecimens of it, in 1784, from 
India, and diftributed them among the moft eminent 
chemifts, in order to be analyfed. Mr Greville alfo 
learned, that its Indian name was Corundum. L is 
found in Indoftan, not far from the river Cavery, which 
is fouth from Madras, in a rocky matrix, of confider- 
able hardnefs, partaking of the nature of the ftone it- 
felf*. It occurs alfo in China; and a fubftance, not 
unlike the matrix of corundum, has been found in Teree, 
one of the weftern iflands in Scotland f. 

The corundum is ufually cryftallized. Its primitive 
form, difeovered by Mr Hauy % and the Count de Bour- 
non is a rhomboidal parallelepiped, whole fides are 
equal rhombs, with angles of 86tf and 940, according 
to Bournon, or whofe diagnonals are to each other as 
^17 to v/,5’ according to Hauy ; which is very near- 
ly the fame thing f[. The moft common variety, for the 
primitive form has never yet been found, is the regular 
ftx-fided prifm, the alternate angles of which are fome- 
times wanting ||, and the triangular faces, which occupy 
their place, are inclined to the bafe at an angle of 122° 

- 34' *. Sometimes the corundum is cryftallized in the 
form of a fix-fided pyramid, the apex of which is gene- 
rally wanting. For a defeription and figure of thefe, 
and all the other varieties of corundum hitherto obfer- 
ved, we refer the reader to the differtation of the Count 
de Bournon on the fubjeft ff. 

The texture of the corundum is foliated, and the na- 
tural joints are parallel to the faces of the primitive 
rhomboidal parallelepiped. Luftre, when in the di- 
reAion of the lamina, 3 ; when broken acrofs, o. O- 
pake, except when in very thin pieces. Hardnefs 15. 
Sp. gr. from 37.10 to 4.180 Colour grey, often 
with various {hades of blue and green. 

According to the analylis of Klaproth, the corun- 
dum of India is compofed of 

• 89.5 alumina, 
5.5 filica, 
1.25 oxide of iron, 

MINERALOGY. 
A fpecimen from China of 

84.0 alumina, 
6.5 filica, 
7.3 oxide of iron, 

Clafs 1.. 
Simple 
Stones. 

5 Beit rage, 
i. 77. 

96.25 

98.O I] • , |1 Ibid.i. 73, 
Notwithftanding the quantity of filica and of iron 

which thefe analyfes exhibit in the corundum, we have 
been induced to include it in the prefent genus on ac- 
count of the ftrong refemblance between it and the 
third variety of telefia. The ftriking refemblance be- 
tween the cryftals of telefia and corundum will appear 
evident, even from the fuperficial defeription which we 
have given ; and the obfervations of De Bournon «|j ren- f Nid.1. 
der this refemblance ftill more ftriking. It is not 
probable, therefore, as Mr Greville and the Count de' 
Bournon have fuggefttd, that corundum may be only 
a variety of teleiia, and that the feeming difference in 
their ingredients is owing to the impurity of thofe fpe- 
cimens of corundum which have hitherto been brought 
to Europe. Let not the difference which has been 
found in the primitive form of thefe ftenes be confider- 
ed as an infuperable objedfion, till the fubjedl has been 
again examined with this precife obje£I in view ; for no- 
thing is eafier than to commit an overfight in fuch dif- 
ficult examinations. 

species 3. Native alumina (k). Native aim 
This fubftance has been found at Halles in Saxonymina’ 

in compadf kidney-form maffes. Its confidence is earthy. 
Luftre o. Opaque Hardnefs 4. Brittle. Sp. gr. mo- 
derate. Feels foft, but meagre. Adheres very llightly 
to the tongue. Stains very (lightly. Colour pure white. 
Does not readily diffufe itfelf in wrater. 

Itconfiftsofpure alumina, mixed with a fmall quantity 
of carbonat of lime, and fometimes of fulphat of lime *. * Schreber. iS 

Genus II. amc. g.H.amc. 
species 1. Ruby (l). Ruby. 

Spinel and bala/s Ruby of Kirwan - Ruby of Hauy 
—Rubis fpinelle oCtoedre of De Lifle—of 
Gmelin. 

This ftone, which comes from the iftand of Ceylon, 
is ufually cryftallized. The primitive form of its cry- 
ftals is a regular octohedron, compofed of two four- 
fided pyramids applied bafe to bafe, each of the fides 
of which is an equilateral triangle f (m). In fome cafes | Fig.5. 
two oppofite fides of the pyramids are broader than the 
other two ; and fometimes the edges of the o&ohedron 
are wanting, and narrow faces in their place. For fi- 
gures and deferiptions of thefe, and other varieties of 
thefe cryftals, we refer the reader to Rome de Rifle and 
the Abbe EJlner J. f Cryflal. iij 

The texture of the ruby is foliated. Its luftre is 
Tranfp. 3.4. It caufes a fingle refraction. Hardnefsnfr * m< 

13. Sp. gr. 3.570 § to 3.625 Colour red ; if deep, '^Kiafroth. 
the ruby is ufually called balafs ; if pale rofy, fpinell. Hatched 

The and Gre- 

(1) See Kirwen’s Mineralogv, I.— Klaproth in Beob. der Berlin, VIII. 295. and Beitrdge, I. 47.—Mr Greville 
and the Count de Bournon in the Philofophical TranfaHions 1798, p. 403. and in Nicholfon’s Journal, II. 540. and 
III. 5.—Mr Hauy Jour, de Phyf. XXX. 193. and Jour, de Min. N* XXVIII. 262. 

(k) See Kirovan's Mineralogy, I. 175, and Schreber. 15. Stiick, p. 209. 
(l) See Kir’ivan’s Min. I. 253.—Rome de Lijle, II. 224.— Klaproth Beob. der Berlin, III. 336. and Bei- 

trdge, II. 1 Vauquelin Ann. de Chim. XXVII. 3. and XXXI. 141. 
(m) We (hall afterwards diftinguifh this o£tohedron either by the epithet regular or aluminifarm, becaufe it is 

the well-known form of cryftals of alum. 
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Simple 
Stones. 

The ancients feem to have claifed this Hone among 
their hyacinths -f. 

G£nus IIL aim. 
species 1. Ceylanite. 

The mineral denominated ceylanke> from the iflandof 
Ceylon, from which it was brought into Europe, had 
•been obferved by Rome de Lifle ^ ; but was firft de- 
feribed by La Metherie in the Journal de Phyfique for 
January 1793. 

It is moft commonly found in rounded mafles ; but 
fometimes alfo cryftallized. The primitive form of its 
cryftals is a regular odtahedron : it commonly occurs 
under this form, but more commonly the edges of the 
octahedron are wanting, and fmall faces in their place 

The fraCture of the ceylanite is conchoidal jj. Its 
internal luftre is glaffy. Nearly opaque, except when 
in very thin pieces. Hardnefs 12. Sp. gr. from 
3.7647* to 3.793 i*. Colour of the mafs, black; of 
very thin pieces, deep green. Powder, greeniih grey. 
According to the analyfis of Defcotils, the ceylanite is 
compofed of 68 alumina, 

16 oxide of iron, 
12 magnefia, 
a filica. 

98 t 

G EMUS IV. s. 
species i. Quart z §. 

This flone, which is very common in moft mountain- 
ous countries, is fometimes cryftallized, and fometimes 
amorphous. The primitive form of its cryftals, accord- 
ing to Mr Hauy, is a rhomboidal parallelepiped ; the 
angles of whofe rhombs are 930 22', and 86'-' 38'; fo 
that it does not differ much from a cube ||. The moft 
common variety is a dodecahedron *, compofed of two 
fix-fided pyramids, applied bafe to bafe, whofe Tides are 
ifofceles triangles, having the angle at the vertex 40°, 
and each of the angles at the bafe 70° ; the inclination 
of a fide of one pyramid to the contiguous fide of the 
other pyramid is 104°. There is often a fix-fided prifm 
interpofed between the two pyramids, the (ides of which 
always correfpond with thofe of the pyramids f. For a 
defeription and figure of the other varieties of quartz 
cryftals, and for a demonftration of the law which they 
have followed in cryftallizing, w7e refer the reader to 
Rome de Ltfle J and Mr Hauy 

The texture of quartz is more or lefs foliated. Frac- 
ture, conchoidal or fplintery. Its luftre varies,from 3 
to 1, and its tranfparency from 4 to 1 ; and in fome 
cafes it is opaque. It caufes a double refraction. Hard- 
nefs, from 10 to 11. Sp. gr. from 2.64 to 2.67, and 
in one variety 2.691. Its colour is exceedingly va- 

A L O G Y. 
rious ; a circumftance which has induced mineralogifts 
to divide it into numerous varieties. Of thefe the iol- 
lowfing are the chief: 

1. Pure colourlefs, perfe&ly tranfparent cryftallized. 
quartz, having much the appearance of artificial cryftal: 
known by the name of rock cryjlal. 

2. Quartz lefs tranfparent, and with a fplintery frac- 
ture, has ufually been diftinguifhed by the name of 
quartz., and feparated from rock cryftal. As there is 
no occafion for this leparation, we have, in imitation of 
Mr Hauy, chofen the word quartz for the fpecific namA^ 
comprehending under it all the varieties. 

3. Blood red quartz ; formerly called compojlella hya- 
cinth, and by Hauy quartz hematoide. It owes its colour 
to oxide of iron. The mineral known to mineralogifts 
by the name offinople, and confidered by them as a va- 
riety of jafper, has been difeovered by Dolomieu to be 
merely this variety of quartz in an amorphous ftate *. * J our. de 

4. Yellow quartz ; called falfe topaz. Min W 
5. Rofy red quartz ; called Bohemian ruby. xxvin. ajy 
For a fuller enumeration of thefe varieties, we refer 

the reader to Smeijfer',s Mineralogy f, Kirovan’s Miner- r *• 89. 
alogy J, and Gmelin’s edition of the Syjlema Natura off i. 244. 
Linnaeus $. This laft writer, however, has arranged fe- § iii, 194, 
veral minerals under quartz which do not belong to it. 

Pure quartz is compofed entirely of filica ; but fome 
of the varieties of this fpecies are contaminated with 
metallic oxides, and with a fmall quantity of other 
earths. 

species 2. Elaftic Quartz (n). Elaftic 
This fingular ftone is moderately elaftic, and flexible qUart3> 

in every dire&ion. Texture, earthy. Luftre o or 1. 
Hardnefs, 9. Brittle. Sp. gr. 2.624. Colour, greyifh 
white. Phofphorefces when feraped with a knife in the 
dark. The fpecimen analyfed by Mr Klaproth con- 
tained 96.5 filica, 

2.5 alumina, 
5 oxide of iron. 

(J Beitrage 
ii. 116. 

3* 
nt 

* Gmetin e 

99-5 I! 
species 3. Flint (o). 

Pyromachus — Pierre a fufil—Sikx of Hauy. 
This ftone, which has become fo neceffary in modern 

war, is found in pieces of different fizes, and ufually of 
a figure more or lefs globular, commonly among chalk, 
and often arranged in lome kind of order. In Saxony 
it is faid to have been found cryftallized in hexahedrons, 
compofed of two low three-fided pyramids applied bale 
to bafe . ^ Syfiema Na- 

Its texture is compaft. Its fracture, fmooth con- tura, iii. 
choidal. Luffre, external, o, the {tones being always 318. 
covered by a white cruft; internal, 1, inclining to 
greafy. Tranfp. 2; when very thin, 3. Hardnefs, 10 
or 1 r. Sp. gr. from 2.58 to 2.63. Colour varies 
from honey yellow to brownifh black. Very brittle, 
and fplits into fplinters in every direction. Two pieces 
of flint rubbed Tmartly together phofphorefce, and emit 
a peculiar odour When heated it decrepitates, and be- 
comes white and opaque. When expofed long to the 

C c 2 air 

(n) Kirovan's Min. I. 316.—Gerhard, Mem. Berlin, 1783, 107.—Klaproth's Beitrage, 2 Band. 113. See al- 
fo "Jour, de Phyf. XLL 91. 

(o) Kirovan's Min. I. 301.—Dolomieu, Jour, de Min. N° XXXIII. 693. and Salivst, Hid, 713. Thefe laft 
gentlemen give the only accurate account of the method of making gun flints. 
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Earths and air it often becomes covered with a white cruft. 
Stones, fpecimen of flint, analyfed by Klaproth, contained 

■“‘’■v*—"*'' 98.00 filica, 
.jo lime, 
.25 alumina, 

0.25 oxide of iron, 
1.00 water. 

R 
A 

# Beitrtige, 
i.46. 

•f- 'four, de 
Min. N° 

100.00 * 
Another fpecimen, analyfed by Dolomieu, was com- 

pofed of 97 
1 alumina and oxide of iron, 
2 water. 

too f 

$ Ibid. 

5 ib id. 
33 

OpaJ. 

The wdiite cruft with which flint is enveloped, con- 
xxxiii. 704. 0£ tjie fame ingredients, and alfo a little carbonat of 

lime. Dolomieu difcovered that water is effential to 
flint; for when it is feparated by heat the ftone lofes its 
properties J. 

The manufacture of gun flints is chiefly confined to 
two or three departments in France. The operation 
is exceedingly Ample : a good workman will make 1000 
flints in a day. The whole art confifts in ftriking the 
ftone repeatedly with a kind of mallet, and bringing off 
at each ftroke a fplinter, {harp at one end and thicker 
at the other. Thefe fplinters are afterwards fhaped at 
pleafure, by laying the line at which it is wifhed they 
fliould break, upon a fharp iron inftrument, and then 
giving it repeatedly fmall blows with a mallet. During 
the whole operation the workman holds the ftone in his 
hand, or merely fupports it on his knee §. 

species 4. Opal (p). 
This ftone is found in many parts of Europe. It is 

ufually amorphous. Its fraAure is conchoidal, com- 
monly fomewhat tranfparent. Hardnefs from 6 to 10. 
Sp. gr. from 1.7 to 2.66. The lownefs of its fpecific 
gravity, in fome cafes, is to be afcribed to accidental 
cavities which the ftone contains. Thefe are fometimes 
filled with drops of water. Some fpecimens of opal have 

,the property of emitting various coloured rays, with a 
particular effulgency, when placed between the eye and 
the light. The opals which poffefs this property, are 
diftinguifhed by lapidaries by the epithet oriental; and 
often by mineralogifts by the epithet nobilis. This 
property rendered the ftone much efteemed by the an- 
cients. 

Variety 1. Opal edler—Opalus nobilis. 
Luftre glaffy, 3. Tranfp. 3 to 2. Hardnefs, 6 to 8. 

Colour, ufually light bluifli white, fometimes yellow or 
green. When heated it becomes opaque, and fome- 
times is decompofed by the aCtion of the atmofphere,. 
Hence it feems to follow, that water enters effentially 
into its compofition. A fpecimen of this variety, ana- 
lyfed by Klaproth, contained 

90 filica, 
10 water. 

* Beitrdge, 
ii. IJ3- 

A L O G Y. Clans I. 
various, greys, yellows, reds, browns, greens of different Simple 
kinds. , . .. 1 ‘j 

Specimens of this variety fometimes occur with ntts : 
thefe readily imbibe water, and therefore adhere to the 
tongue. Thefe fpecimens fometimes become tranfpa- 
rent when foaked in water, by imbibing that fluid. 
They are then called hydrophones. 

Variety 3. Cat’s eye *. * Kirwttd, 
This variety comes from Ceylon, and is feldom feen Min. 1.301, 

by European mineralogifts till it has been polifhed by 
the lapidary. Mr Klaproth has defcribed a fpecimen ^ u 

which he received in its natural ftate from Mr Greville 
of London. Its figure was nearly fquare, with {harp 
edges, a rough furface, and a good deal of brilliancy. 

Its texture is imperfe&ly foliated. Luftre greafy, 2. 
Tranfp. 3 to 2. Hardnefs 10. Sp. gr. 2.56 to 2.66. 
Colour, grey; with a tinge of green, yellow, or white r 
or brown, with a tinge of yellow or red. In certain 
pofitions it reflects a fplendid white, as does the eye of 
a cat; hence the name of this ftone. 

Two fpecimens, analyfed by Klaproth, the firft from 
Ceylon, the other from Malabar, were compofed of 

94.50 filica, 
2.00 alumina, 
1.50 lime, 
0.25 oxide of iron. 

98*5 + 98.25$ 

species 5. Pitcliftone§. 
Menelites. 

IOSL* 
Variely 2. Semi-opal. 

Fra&ure, imperfe&iy conchoidal. Luftre, glaffy, 2. 
Tranfp. 2 to 3. Hardnefs, 7 to 9. Its colours are very 

f BeifragC) 
i.94. 
$ Ibid. 
p. 96. 

34 
This ftone, which occurs in different parts of Ger-p;tchftone. 

many, France, and other countries, has obtained its § Kir. Mia.. 
name from fome refemblance which it has been fuppofed 
to have to pitch. It is moft ufually in amorphous pieces Par\ 
of different fizes ; and it has been found alfo cryitalli-j^^p.86, 
zed in fix-fided prifms, terminated by three-fided pyra- 
mids. 

Its texture is conchoidal and uneven, and fometimes 
approaches the fplintery. Luftre greafy, from 3 to 1. 
Tranfp. 2 to 1, fometimes o. Hardnefs 8 to 10. Ex- 
ceedingly brittle ; it yields even to the nail of the fin- 
ger. Sp. gr. 2.049 to 2.39- Its colours are nume- 
rous, greyifh black, bluifh grey, green, red, yellow of 
different {hades. Sometimes feveral of thefe colours ap- 
pear together in the fame ftone. A fpecimen of pitch- 
ftone from Mefnil-montant near Paris ||, analyfed by || gee 
Mr Klaproth, contained de Pbyf. 

85.5 filica, xxxi.aip. 
11.0 air and water, 

1.0 alumina, 
.5 iron, 
.5 lime and magnefia. 

98.5 f T BatragH y 3 11 ii. 169. 
species 6. Chryfoprafium (q^). 35 

This mineral, which is found in different parts ofChryf<jpr£j 

Germany, particularly near Kofemiitz in Silefia, is al-®UIn, 

ways amorphous. Its frafture is either even or incli- 
ning to the fplintery. Scarcely any luftre. Tranfp. 2 
to 3. Hardnefs 10 to 12. Sp. gr. 2.479. Colour, 
green. In a heat of 130° Wedgewood it whitens and 
becomes opaque. 

A 

/P\ Kj?.'wan s Min. I. 289.—Hauy, Jour. d'Hijl. Nat. II. 9.—Delius^ Nouv. Jour, de Phyf. I, 45. C'LJ Ntrixian s -Lehmann) Mem. Berlin) 1755? p. 2QZ.~~ Klaproth Beit rage) II, 127. 
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A fpecimen of this ftone, analyfed by Mr Klaproth, 
nfninpd g6.l6 flltCdt 

i.oo oxide of nickel, 
0.83 lime, 
0.08 alumina, 
0.08 oxide of iron. 

t Bcitr/ige, 
i- 133- 

3^ 
3.V. X. AS 
Topaz. 

98.(5 t 

Genus V. 1. as. 
species 1. Topaz (r). 

Occidental ruby, topa%t and fapphyr. 
The name topaz has been reftri&ed by Mr Hauy to 

the ftones called by mineralogifts occidental ruby, topaz, 
and iapphyr; which, agreeing in their cryftallization 
and moft of their properties, were arranged under one 
fpecies by Mr Rome de Lille. The word topaz, deri- 
ved from an illand.in the Red Sea (s), where the an- 
cients ufed to find topazes, was applied by them to a 
mineral very different from ours. One variety of our 
topaz they denominated cbryfolite. 

The topaz is found in Saxony, Bohemia, Siberia, 
and Brazil, mixed with other minerals in granite i-ocks. 

It is commonly cryltallized. The primitive form of 
its cryftals is a prifm whofe fides are rectangles, and 
bafes rhombs, having their greateff angles 12^ 22', 
and the integral molecule has the fame form -f ; and the 
height of the prifm is to a fide of the rhomboidal bafes 
as 3 to 2 J. The different varieties of topaz cryllalshi. 
therto obferved, amount to 6. Five of thefe are eight- 
fided prifms, terminated by four-fided pyramids, or 
wedge-lhaped fummits, or by irregular figures of 7, 13, 
or 15 fides the laft variety is a twelvedided prifm, ter- 
minated by fix-fided pyramids wanting the apex. For 
an accurate defeription and figure of thefe varieties we 
refer the reader to Mr Hauy ||. 

The texture of the topaz is foliated. Its luftre is 
from 2 to 4. Tranfp. from 2 to 4. It caufes a double 
refraftion. Hardnefs 12 to 14. Sp. gr. from 3.53n 
to 3.564. The Siberian and Brazil topazes, when 
heated, become pofitively electrified on one fide, and ne- 

,,, ....gatively on the other It is infufible by the blow- 
’ P1?6* yellow topaz of Brazil becomes red when 

expofed to a ftrong heat in a crucible ; that of Saxony 
becomes white by the fame procefs. This (hews us 
that the colouring matter of thefe two Hones is diffe- 
rent. 

The colour of the topaz is various, which has indu- 
ced mineralogifts to divide it into the following va- 
rieties : 

1. Red topaz, of a red colour inclining to yellow ; 
called Brazilian or occidental ruby.- 

2. Yellow topaz, of a golden yellow colour, and 
fometimes alfo nearly white ; called occidental or Brazil 
topaz. The powder of this and the following variety 
caufes fyrup of violets to affume a green colour *. 

* Vauque- 3- Saxon topaz. It is of a pale wine yellow colour, 
i’H, Jour.aL and fometimes greyifh white. 
Min. N° 
Uil. 165.   

(■ Hauy, 
Jour, de 
Min. N° 
txviii. 287. 
fFig. 8. 

§ %• 9- 

{( Jour, de 
Mm, ibid. 

4. yligue marine. It is of a bluilh or pale green 
colour. 

5. Occidental fapphyr. It is of a blue colour; and fome- 
times white. 

A fpecimen of white Saxon topaz, analyfed by Vau- 
queiin, contained 68 alumina, 

3 t filica. 
99 * ^ 'J(iur. de 

species 2. Sommite, xxiv ^ 
This ftone was called fommite by La Metherie, from 

the mountain Somma, where it was firft found. It is Sommite. 
ufually mixed with volcanic productions. It cryftallizes 
in fix-fided prifms, fometimes terminated by pyramids. 
Colour white. Somewhat tranfparent. Sp. gr. 3.2741. 
Infufible by the blow-pipe. According to the analyfis 
of Vauquelin, it is compofed of 

49 alumina, 
46 filica, 

2 lime, 
1 oxide of iron. 

98 f f Uid. N° 
species 3. Shorlitexxvin^a?^. 

This ftone, wdiich received its name from Mr Klap- j Kirutan's 
roth, is generally found, in irregular oblong maffes or Min.\. 285. 
columns, inferted in granite. Its texture is foliated. 
FraClure uneven. Luftre 2. Tranfparency 2 to 1. Hard- 
nefs 9 to 10. Sp. gr. 3.53. Colour greenilh white, 
or fulphur yellow. Not altered by heat. According 
to the analyfis of Klaproth, it is compofed of 

50 alumina, 
50 filica. 

100 

Genus V. 2. sA. 
species 4. Rubellite (t). 

Red Jborl of Siberia. 
This ftone is found in Siberia mixed with white 

quartz. It is cryftallized in fmall needles, which are 
grouped together and traverfe the quartz in various di- 
redlions. Texture fibrous. Fra&ure even, inclining 
to the conchoidal. Tranfparency 2 ; at the edges 3. 
Hardnefs 10. Brittle. Sp. gr. 3.1. Colour crimfon, 
blood or peach red. By expofure to a red heat it be- 
comes fnow wdiite ; but lofes none of its weight. It 
tinges foda blue, but does not melt with it. 

According to the analyfis of Mr Bindbeim, it is com- 
pofed of 57 filica, 

35 alumina, 
5 oxides of iron and manganefe. 

97 
species 5. Hornftate (u). 

Shi/lofe porphyry. 
This ftone, which occurs in mountains, is generally 

amorphous; but fometimes alfo in columns. Struc- 
ture 

39 
G. V a. SAi 
Rubellite. 

40 
Hornfh&c> 

(r) Kirovan’s Min. I. 254.—Pe//. Mem. Berlin, 1747, p. C\6.— Margraf, ibid. 1776, p. 73. and 160.—Hen- 
kel. A8. Acad. Nat. Cur. IV .316. 

(s) It got its name from royrala, to feek ; becaufe the ifland was often furrounded with fog, and therefore diffi- 
cult to find. See Pltnii lb. 37- c. 8. 

(t) Kirovan’s Min. I. 288. Bindheim, Crell’s Annals, 1792, p. 320. 
(u) Kirovan’s Min. I. o>o’].-—Wiegkb> CreWs Annals, 1787. l Band. 3C2.—See alfo Reufs, Semml. Natur, 

Hijl. Aufsdze, p. 207. 
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Ear'hs and ture flaty. Texture foliated. Frafture uneven and fplin- 

Stones. tery ; fometimes approaching the conchoidal. Luflre o. 
*" ~ Tranfparency I or o. Hardnefs about 10. Sp. gr. 

from 2.512 to 2.7. Colour different fhades of grey, 
from ojh to hluijh or olive green. Melts at 145° Wedge- 
wood into an enamel. A fpecimen, analyfed by Wedge- 
wood, contained 73-0 filica, 

23.9 alumina, 
3.5 iron. 

MINERALOGY. Clafs I, 
and yellow. Several Colours often appear in the fame Simple 
mafs. To this variety belong many of the Hones known 
by the name of Scotch pebbles. 

Stones. 

4* 
Hornftone. 

100-4 
species 6. Hornftone (x). 

Petrojilex—Chert. 
This Hone, which makes a part of many mountains, 

is ufually amorphous ; but, as Mr Kirwan informs us, 
it has been found cryftallized by Mr Beyer on Schnee- 
berg. Its cryftals are fix-fided prifms, fometimes ter- 
minated by pyramids : hexahedrons, coniifting of two 
three-fided pyramids applied bafe to bafe ; and cubes, 

# .KVrwan, or fix-fided plates *. Its texture is foliated. Fradture 
*• 3°3’ fplintery, and fometimes conchoidal. Luftre o. Tranf- 

parency 1 to 2. The cryftals are fometimes opaque. 
Hardnefs 7 to 9. Sp. gr. 2.532 to 2.653. Colour 
ufually dark blue : but hornftone occurs alfo of the fol- 
lowing colours ; grey, red, blue, green, and brown of 

^ Schmeif- different fliades f, 
fer's Mm. According to Kirwan, it is compofed of 

72 filica, 
22 alumina, 

6 carbonat of lime. 

1.103. 

4 Ibid. p. 
3°J* 

42 
Chalcedo- 
ny- 

100 % 

species 7. Chalcedony. 
This ftone is found abundantly in many countries, 

particularly in Iceland and the Faro iflands* It is nloft 
commonly amorphous, ftaladtitical, or in rounded maffes ; 
but it occurs alfo cryftallized in fix-iided prifms, termi- 
nated by pyramids, or more commonly in four or fix 
fided pyramids, whofe fides are convex. Surface rough. 
Fradlure more or lefs conchoidal. Luftre 1. Somewhat 
tranfparent. Hardnefs 10 to 11. Sp. gr. 2.56 to 
2.665. Not brittle. 

According to Bergman, the chalcedony of Force is 
eompofed of 84 filica, 

16 alumina, mixed with iron. 

too . 
Variety 1. Common chalcedony. 

Frafture even, inclining to conchoidal. Tranfparen- 
cy 2 to 3 ; fometimes 1. Its colours are various ; it is 
moft commonly greyifn, with a tint of yellow, green, 
blue, or pearl ; often alfo white, green, red, yellow', 
brown, black, or dotted with red. When ftriped white 
and black, or brown, alternately, it is called onyx; 
"hen ftriped white and grey, it is called chalcedonix. 
Black or brown chalcedony, when held between the eye 
and a ftrong light, appears dark red. 

Variety 2. Cornelian. 
Fradture conchoidal. I ranfparcncy 3 to 1 } often 

cloudy. Its colours are various fhapes cf red, brown, 

species 8. jafper (y). 43 
This ftone is an ingredient in the compofition of Jafper. 

many mountains. It occurs ufually in large amorphous 
maffes, and fometimes alfo crytlallized in fix-fided irre- 
gular prifms. Its fra&ure is conchoidal. Luftre from 
2 to o, Either opaque, or its tranfparency is 1. Hard- 
nefs 9 to 10. Sp gr. from 2.5 to 2.82. Its colours 
are various. When heated, it does not decrepitate. It 
feems to be compofed of filica and alumina, and often 
alfo contains iron. 

Variety 1. Common jafper. 
Sp. gr. from 2.58 to 2.7. Its colours are different 

fhades of white, yellow, red, brown, and green ; often 
variegated, fpotted, or veined, with feveral colours. 

Variety 2. Egyptian pebble. 
This variety is found chiefly in Egypt. It ufually has 

a fpheroidal or flat rounded figure, and is enveloped in 
a coarfe rough cruft. It is opaque. Hardnefs 10. Sp. 
gr. 2 564. It is chiefly diftinguifhed by the variety of 
colours, which always exift in the fame fpecimen, either 
in concentric ftripes or layers, or in dots or dentritical 
figures. Thefe colours are, different browns and yel- 
lows, milk white, and ifabella green; black alfo has been 
obferved in dots. 

Variety 3. Striped jafper. 
This variety is alfo diftinguifhed by concentric ftripes 

or layers of different colours : thefe colours are, yellow, 
brownifh red, and green. It is diftinguifhed from the 
laft variety by its occurring in large amorphous maffes, 
and by its fradture, which is nearly even. 

species 9. Tripoli. 
This mineral is found fometimes in an earthy form,’yrjp0|;, 

but more generally indurated. Its texture is earthy. 
Its fracture often fomewhat conchoidal Luftre o. Ge- 
nerally opaque. Hardnefs 4 to 7. Sp. gr. 2 080 to 
2.529. Abforbs water. Feel, harfh dry. Hardly ad- 
heres to the tongue. Takes no polifh from the nail. 
Does not ftain the fingers. Colour generally pale yel- 
lowifh grey, alfo different kinds of yellow, brown, and 
white. 

It contains, according to Haaffe, 90 parts of filica, 
7 alumina, and 3 of iron. A mineral belonging to this 
fpecies was analyfed by Klaproth, and found to con- 
tain 66.5 filica, 

7.0 alumina, 
2.5 oxide of iron, 
1.5 magnefia, 
1.25 lime, 

19. air and water. 

97-75 
45 

G. vr. u 
A S I. 
Micarell. 

Genus VI. 1. asi. 
species 1. Micarell*. 

This name has been given by Mr Kirwan to a ftone * 
which former mineralogifts confidered as a variety of 
mica. It is found in granite. Its texture is foliated,2,12’ 

and 

1788? L 30i‘-~£aumer> Jmr' de Phyf' IL 154- and Monnet, ibid. ^i.-Wieglcb, Crell's Amah* 
(y) Kirw. Min. I, 309—Borral Bijl. Natur. de Corfs— Vetdel A A Acad. Nat. Curios. V. 339. 
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iarths and and it may be fplit into thin plates. Luftre metallic, 3. 

Stolle8• Opaque. Hardnefs 6. Sp. gr. 2.980. Colour brown- 
v , ifii black. At 1530 Wedgewood, it melts into a black iKirv).i 1 •compa£t glafs, the furface of which is reddifh *. 

A fpecimen analyfed by Ivlaproth contained 
63.00 alumina, 
29.50 filica, 
6.75 iron. 

diagonal of the rhomboidal bafe. From this ftru&ure Simple 
he has demonftrated the law of the formation of the , Scbnes‘ „ 
cruciform varieties f. The colour of granatite is grey- Ann de 
ifh or reddiih brown. Chm.\'u 

According to the analyfis of Vauquelin, it is com- H** 
pofed of 47.06 alumina, 

30.59 filica, 
15.30 oxide of iron, 
3.00 lime. 

46 
Short 
)■ Hid. i« 
l6j> 

i mi i. 
306. 

99.25 
SPECIES 2. Shorl f. 

No word has been nfed by mineralogifts with lefs li- 
mitation than Jhorl. It was firft introduced into mine- 
ralogy by Cronftedt, to denote any ftone of a columnar 
form, confiderable hardnefs, and a fpecific gravity from 
3 to 3.4. This defcription applied to a very great num- 
ber ot ttones. And fucceeding mineralogies, though 
they made the word more definite in its fignification, left 
it ftill fo general, that under the defignation of Jhorl al- 
moll 20 diilindf fpecies of minerals wrere included. 

Mr Werner firll defined the word Jhorl precifely, and 
reftrifted it to one fpecies of ftones. We ufe the word 
in the fenfe affigned by him. 

Shorl is found abundantly in mountains, either maf- 
five or cryftallized, in three or nine fided prifms, often 
terminated by three fided fummits. The fides of the 
cryftals are longitudinally ftreaked. Its texture is fo- 
liated. Its fratbure conchoidal. Luftre 2. Opaque. 
Hardnefs 10. Sp. gr. 2.92 to 3.212. Colour black. 
Streak grey. It does not become ele&ric by heat. 
When heated to rednefs, its colour becomes brownilh 
red ; and at 1270 Wedgewood, it is converted into a 
brownilh compact enamel J. According to Wiegleb, 
it iscompofed of 41.25 alumina, 

34.16 filica, 
20.00 iron, 

5,41 manganefe. 

95-95 t- 
Genus VI. 2. sai. 

species 4. Tourmaline (2). ^ yi ^ 
This ftone was firft made known in Europe by fpeci- sai. 

mens brought from Ceylon ; but it is now found fre-Tourma- 
quently forming a part of the compofition of mountains,line* 
It is either in amorphous pieces, or cryftallized in three 
or nine fide prifms, with four-fided fummits. 

Its texture is foliated : Its fra&ure conchoidal. In- 
ternal luftre 2 to 3. Tranfparency 3 to 4 ; fometimes 
only 2 (a). Caufes only fingle refradlion $. Hardnefs § 
9 to 1 1. Sp. gr. 3.05 to 3.155. Colour brown, often ^our'd" 
fo dark that the ftone appears black ; the brown has al-^^j a6% 
fo fometimes a tint of green, blue, red, or yellow. 

When heated to 200° Fahrenheit, it becomes elec- 
tric ; one of the fummits of the cryftal negatively, the 
other pofitively It reddens when heated ; and is fu-1 
fibleper fe with intumefcence into a white or grey ena- 
mel. 

A fpecimen of the tourmaline of Ceylon, analyfed by 
Vauquelin, was compofed of 

40 filica, 
39 alumina, 
12 oxide of iron, 

4 lime, 
2.5 oxide of manganefe. 

t Ibid. xxs. 
106. 

48 

ICO.82 § 
species 5. Granatite. 

Staurotide of Hauy—Pierre de Croix of De Lifle— 
Staurolilhe of Lametherie. 

We have adopted from Mr Vauquelin the term gra- 
Grauatite. natite to denote this ftone, becaufe all the other names 

are ambiguous, having been applied to another mineral 
poflefted of very different properties. 

Granatite is found in Galicia in Spain, and Britan- 
ny in France. It is always cryftallized in a very pecu- 
liar form ; two fix-fided prifms interfeft each other, ei- 

t^ig. i°. ther at right angles or obliquely^. Hence the name 

Lifle ii 6 crofsjlone, by which it was known in France and Spain *. 
435. Mr Hauy has proved, in a very ingenious manner, that 

the primitive form of the granatite is a redlangular 
prifm, whofe bafes are rhombs, with angles of I29r° 
and 50T0 ; and that the height of the piifm is to the 
greater diagonal of a rhomb as 1 to 6 ; and that its in- 
tegrant molecules are triangular prifms, fimilar to what, 
would be obtained by cutting the primitive cryftal in 
two, by a plane palling vertically through the Ihorter 

J Crell's 
Beit rage, t. 
Btindes. 4. 
Stuck, p, 
ax. 

47 

97-5 * ^ ^ Attn.de 
species 5. Argentine felfpar f. Cbim.xxx* • 

This ftone was discovered by Mr Dodun in the black I05- 
mountains of Languedoc. It is either amorphous, or 49 
cryftallized in rhomboidal tables, or fix or eight fided Argentine 
prifms. Its texture is foliated. Fragments redangu- 
lar. Laminae inflexible. Internal luftre 4. Tranfpa-’ 
rency 2. Colour white ; two oppofite faces of the cry. 
ftals are filver white, two others dead white. Hardnefs 
of the filvery laminae 6, of the reft 9. Brittle. Sp. 
gr. 2.5. When the flame of the blow-pipe is dire&ed 
againft the edges of the cryftal (ftuck upon glafs), it 
ealily melts into a clear compatft glafs; but when the 
flame is direfted againft the faces, they preferve their 
luftre, and the edges albne flowly melt. 

According to the analyfis of Dodun, it is compofed 
of 46 filica, 

36 alumina, 
16 oxide of iron,.. 

98 
When this ftone is expofed to the atmofphere, it is 

apt 

(t) Kirw. I. 271.—Berg. II. 118. and V. 402.—Gerhard. Mem. Berlin^ 1777. p. 14.—Hauy Mem. Par. 
1784, 270.— Wilfon Phil. Pranf. XLI. 308.—JEpinus. Recueilfur la Tourmaline. See alfo La Porterie. Le Sap* 

phir, VOeil de Chat, et la Tourmaline de Ceylon demafquet. 
(a) And when black only 1. 
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5° 
Mica. 
* Kirw i. 
410—Gme- 
lin, Kov. 
Com, Petro 
pol. xii. 549. 

f Fig. 11. 

t Fig. 12. 
€ Hauy, 
Jour.de 
Min. N° 
XXviii. 296. 

^ Ibid. 

* Ibid. 302 

51 
Talc. 

• Kiriv, 5. 
I50 —Pott. 
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apt to decay : Its furface becomes Iridefcent, and at Lift 
changes to ochre yellow : Its fpecific gravity is 2.3 or 
2.212 ; and when breathed upon, it gives out an earthy 
fmell. 

spkcies 6. Mica*. 
This ftone forms an efTential part of many mountains, 

and has been long known under the names of glacies ma- 
ria and Mufcovy glafs. It confilts of a great number 
of thin laminae adhering to each other, fometimes of a 
very large lize. Specimens have been found in Siberia 
nearly 2y yards fquare (b). 

It is foroetimes cryftallized: Its primitive form is a 
rectangular prifm, whofe Safes are rhombs, with angles 
of 120“ and 6o° f : Its integrant molecule has the lame 
form. Sometimes it occurs in reCtangular prifms, whofe 
Safes alfo are rectangles, and fometimes alfo in a (hurt lix- 
fided prifms % ; but is much more frequently in plates 
or feales of no determinate figure or fize §. 

Its texture is foliated. Its fragments flat. The la- 
mellte flexible, and fomewhat elaftic. Luftre metallic, 
from 3 to 4. Tranfparency of the laminae 3 or 4, fome- 
times only 2 (c). Hardnefs 6. Very tough. Often 
abforbs water. Sp. gr. from 2.6546 to 2.9342. Feels 
fmooth, but not greafy. Powder feels greafy. Colour, 
when pureft, filver white or grey ; but it occurs alfo 
yellow, greenifh, reddifli, brown, and black. Mica is 
fulible by the blow-pipe into a white, grey, green, or 
black, enamel ; and this latl is attracted by the mag- 
net (d). Spanifli wax rubbed by it becomes negatively 
eliCtrie 

A fpecimen of mica, analyfed by Vauquelin, contained 
.£0.00 filica, 

35.00 alumina, 
7.00 oxide of iron. 
I.35 magnefia, 
i-33 lime> 

94.68 *. 
Mica has long been employed as a fubftitute for 

glafs. A great quantity of it is faid to be ufed in the 
Ruffian marine for panes to the cabin windows of {hips ; 
it is preferred, becaufe it is not fo liable as glafs to be 
broken by the agitation of the (hip. 

species 7. Talc -f*. 
This flone has a very ftrong resemblance to mica, 

and washing confidered as a mere variety of that mine- 
ral. It occurs fometimes in fmall loofe feales, and fome- 
times in an indurated form ; but it has not hitherto 
been found cryftallized. 

Its texture is foliated. The lamellae are flexible, but 
not elaftic. Its luftre is from 2 to 4. Tranfparency from 
2 to 4. Hardnefs 4 to 6. Sp. gr. when indurated, 
from 2.7 to 2.8. Feels greafy. Colour moft commonly 
whitifh or greenifh. Spanifh wax rubbed with it be- 
comes po/?/iWy eledric^;. 

Variety 1. Scaly talc. 
Talcite of Kirwan. 

This variety occurs under the form of fmall feales, 

A L 0 G Y. Chfg I, 
fcarcely cohering. Lull re 3 to 4, Very light. _ Ad- sample 
heres to the fingers. When rubbed upon the fkm, it 
gives it a glofs° Colour white, with a (hade of red or 
green ; fometimes leek green. 

Variety 2. Conjmon talc. 
Venetian talc. 

This variety often occurs in oblong nodules. Luftre, 
nearly metallic, 4. Tranfparency 2 to 3 ; when very 
thin 4. Hardnefs 4 to 5. Colour white, with a {hade 
of green or red ; or apple green, verging towards filver 
white. By tranfmitted light green. 

Variety 3. Shiftofe talc. 
Its ftrudlure isflaty. Fradlure hackly and long fplin- 

tery. Eafily crumbles when rubbed in the frafture. 
External luftre 2 to 3 ; internal, I but fometimes,_ in 
certain pofitions, 3. Colour grey, with a Ihade of white, 
green or blue. Becomes white and fcaly when expofed 
to the air. 

A fpecimen of common talc, analyfed by Mr Chene- 
vix, contained 48.0 filica, 

37.0 alumina, 
6.0 oxide of iron, 
1.5 magnefia, 
1.5 lime, 
5.0 water, 

99.0$. 
species 8. Bafaltine 

Bafallic hornblende of Werner—Aciinote of Hauy—Zil- 
lertite of Lametherie—Shorl prifmatique hexagone 
of Sauffure. 

§ Ann. dt 
Chim.VLl'uu 
200. 

s* Bafaltine. 
*{ Kirw. i. 
219. 

This ftone is found commonly in bafaltic rocks; hence 
its name, which we have borrowed from Mr Kirwan. 
It is cryftallized, either in rhomboidal prifms, or fix or 
eight fided prifms, terminated by three-lided pyramids. 
Its texture is foliated. Its fra&ure uneven. Luftre 3. 
Tranfparency, when in very thin plates, 1. Hardnefs 
from 9 to 10. Sp. gr. 3 333. Colour black, dark 
green, or yellowifti green. Streak white. 1 ranlmits a 
reddifti yellow light. Before the blow pipe, it melts 
into a greyifti coloured enamel," with a tint of yellow *. *Le Lievrt, 
A fpecimen, feemingly of this ftone, analyfed by Berg- 
man, contained 58 filica, xxviii. 269. 

27 alumina, 
9 iron, 
4 lime, 
1 magnefia. 

99 f. 
species 9. Hornblende 

Amphibole of Hauy (e). 
This ftone enters into the compofition of various blende, 

mountains. Its texture is very confpicuoufly foliated, f Kirw.'u 
Frafture conchoidal. Fragments often rhomboidal. 413’ 
Luftre 2. Opaque. Hardnefs 5 to 9. Tough. Sp. 
gr. 2.922 to 3 41. Colour black, blackifh green, olive 

green, 

4 Berg. Hi- 
207. 

53 

(b) Hift. General de Voyages, T. XV111. 272, quoted by Hauy Jour, de Min, N° XXVIII. 299. 
( c) Black mica is often nearly opaque. 
(d) Hauy, ibid. p. 295. Bergman, however, found pure mica infufible/>er fe ; and this has been the cafe with 

all the fpecimens of Mufcovy glafs which we have tried. 
(e) We fufpeft, that under this name Mr Hauy comprehends^/Jor/ alfo. 
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j ths and green,.or Jeek green. Streak greenifh. It neither be- 

- t0^e'• ,comes eleftric by friftion nor heat*. Before the blow- 
pipe it melts into a black glafs. A fpecimen of black 
hornblende, analyfed by Mr Hermann, was compofed of 

37 Mca, 
27 alumina, 
25 iron, 

5 lime, 
3 magnefia. 

A L O G 
is amorphous 

Y. (Jlals I, 
Fra&ure Simple 

Icob. der 
din, 5. 
nd.117 

54 
fplen- 

97 t 
species 10. Refplendent Hornblende. 

There are two minerals which Werner confiders as 
it horn-varieties of hornblende, and Mr. Kirwan as conftituting 
ude, a diftinft fpecies Thefe till future analyfes decide the 

point, we fhall place here under the name of refplendent 
hornblende, the name given them by Mr Kirwan ; and 
we (hall defcribe them feparately. 

Variety 1. Labradore hornblende. 
Texture, curved foliated. Lultre, in fome pofi- 

tions, o ; in others metallic, and from 3 to 4. Opaque. 
Hardnefs 8 to 9. Sp. gr. from 3.35 to 3.434. Co- 
lour, in moft pofitions, greyilh black ; in others, it re- 
flects a ftrong iron grey, fometimes mixed with copper 
red. 

Variety 2. Sbiller fpar^;. 
Texture foliated. Luftre metallic, 4. Tranfparen- 

cy, in thin pieces, 1. Hardnefs 8 to 9. Sp. gr. 2.882. 
Colour green, often with a fhade of yellow ; alfo golden 
yellow. In fome pofitions it reflects white, grey, or 
yellow. At 141° Wedgewood, hardened into a porce- 
lain mafs. A fpecimen, analyfed by Gmelin, was com- 
pofed of 43.7 filica, 

17 9 alumina, 
23.7 iron, 
11.2 magnefia. 

icrgbau- 
de,\Band. 

55; 
bfidian. 

96.5 § 
It has been found in the Hartz, ftuck in a ferpen- 

tine rock. 
species 11. Obfidian *. 

Iceland agate. 
This ftone is found either in detached mafles, or form- 

ing a part of the rocks which compofe many mountains. 
It is ufually invefted with a grey or opaque cruft. Its 
fraCture is conchoidal. Its internal luftre 3. Tranf- 
parency I. Hardnefs 10. Sp. gr. 2.348. Colour 
black or greyifh black; when in very thin pieces, green. 
It melts into an opaque grey mafs. According to Berg- 
man, it is compofed of 69 filica, 

22 alumina, 
9 iron. 

krj. iii. 
i- 

56 
ctrilite. 
'■"■w. i. 
5- 

,57 
'elfite 
iriv, i. 

IOO f 
species 12. Petrilite J. 

Cubic felf par. 
This ftone is found in the mafs of mountains. It is 

amorphous. Texture foliated. FraCture fplintery. Frag- 
ments cubic, or inclining to that form ; their faces un- 
poliftied. Luftre 2. Tranfparency partly 2, partly 1. 
Hardnefs 9. Sp. gr. 3.08'. Colour reddifh brown. 
Does not melt at 1600 Wedgewood. 

Species 13. Felfite$. 
Compact felfpar. 

This ftone alfo forms a part of many mountains, and 
Suppl. Vol. II. Part I. 

Stones. 
, Texture fomewbat foliated.   

uneven, approaching to the fplintery. Luftre 1. Tranf- 
parency fcarce 1. Hardnefs 9. Colour azure blue, ~~ v - 

and fometimes brown and green Streak white. Be- 
fore the blow-pipe, whitens and becomes rifty ; but is 
infufible per fe. 

Genus VII. sap. ' 58 
species 1. Felfpar *. ^Fdf 

This ftone forms the principal part of many of the C ^ar’ 
higheft mountains. It is commonly cryftallized. Its * Kir’w- »• 
primitive form, according to De Lifle, is a reCbngular a£ 
prifm, whofe bafes are rhombs, with angles of (if and Pbyf. paf- 
115 f0. Sometimes the edges of the prifm are wanting, lim. 
and faces in their place ; and fometimes this is the cafe f pig. I3, 
alfo with the acute angles of the rhomb. For a de-and 14. 
fcription and figure of thefe, and other varieties, we re- 
fer the reader'to Rome de Lijle%, Mr Hauy §, and Mr $ Cryfall. 
Pint *. ii. 4oi. 

Its texture is foliated. Its crofs fraCture uneven. 
Fragments rhomboidal, and commonly fmooth and po- F‘Jr' 
liflied on four fides. Luftre of the polilhed faces often * Vul'de 
3. Tranfparency from 3 to 1. Hardnefs 9 to 10. Sp. MouvelU 
gr. from 2.437 to 2.7. Gives a peculiar odour when Chryfallifa. 
rubbed. It is made eleCtric with great difficulty bytton' &c' 8* 
friCtion. Fufible per fe into a more or lefs tranfparent 
glafs. When cryftallized, it decrepitates before the 
blow-pipe. 

Variety 1. Pure Felfpar. 
Moon Jlone—Adularia. 

This is the pureft felfpar hitherto found. It occur* 
in Ceylon and Switzerland ; and was firft mentioned by 
Mr Sage. Luftre nearly 3. Tranfparency 2 to 3. 
Hardnefs 10. Sp. gr. 2.559. Colour white ; fome- 
times with a ffiade of yellow, green, or red. Its furface 
is fometimes iridefcent. 

Variety 2. Common Felfpar. 
Luftre of the crofs fraCture o ; of the fraCture, in the 

direction of the laminae, from 3 to 1. Tranfparency 2 
to 1. Colour moft commonly fleffi red ; but often bluifh 
grey, yellowifh white, milk white, brownifn yellow ; and 
fometimes blue, olive green, and even black. 

Variety 3. Labradore felfpar. 
This variety was difcovered on the coaft of Labra- 

dore by Mr Wo*lfe ; and fince that time it has been 
found in Europe. Luftre 2 to 3. Tranfparency from 
I to 3. Sp. gr. from 2.67 to 2.6925. Colour grey. 
In certain pofitions, fpots of it refleCt a blue, purple, 
red, or green colour. 

Variety 4. Continuous felfpar. 
This variety moft probably belongs to a different fpe- 

cies ; but as it has not hitherto been analyfed, we did 
not think ourfelves at liberty to alter its place. 

It is found in large maffes. Texture earthy. Frac- 
ture uneven, fometimes fplintery. Luftre o. Tranf- 
parency 1. Hardnefs 10. Sp. gr. 2.609. Colour 
reddifli grey, reddifti yellow, flefti red. 

A fpecimen of green felfpar from Siberia, analyfed 
by Vauquelin, contained 

62.83 filica, 
17.02 alumina, 
16.00 potafs, 

3.00 lime, 
1.00 oxide of iron. 

99'85+ 
Dd 

f Ann, de 
Chim. XXX 

SPECIES 106. 
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Earths and species 2. Lepidoate (f). 

Stones. Lilalite. . 
' *   This ftone appears to have been firft obferved by the 
lepHohte Abbe 1’oda, and to have been firft defcnbed b> De 
^Crell'sAn. Born *. Hitherto it has only been found in Moravia 
rah, 1191, jn Germany, and Sudermania in Sweden f. iliere it 

^9°- is mixed with granite in large amorphous maffes. It is 
Vnnl' compofed of thin plates, eafily feparated, and not unlike 
Cto.xxix. thofe of mica % Luftre, pearly 3. I ranfparency be- 
»oS. tween i and 2. Hardnefs 4 to 5. Not eafily pulve- 
iLe L,J'vre’rJfed Sp. gr from 2.816 * to 2.8549 f. Colour 
S-; n° li of the mafs violet blue; of the thin plates filvery white. 
*i9 Powder white, with a tint of red * Before the blow- 
§ Ibid. pjpe it froths, and melts eafily into a white femitranipa- 
* proth rent enamel, full of bubbles. Diffolves in borax with 
i iTLcvre,effervefcence, and communicates no colour to it §. Bt- 
jfour de fervefees flightly with foda, and melts into a mais ipotted 
ikfi«.No li. vvith red. With mtcrocofmic fait, it gives a pearl co- 

loured globule *. . . 
This ftone was firft called lilalite from its colour, that 

of the lily. Klaproth, who difeovered its component 
parts, gave it the name of lepidoiite (g). 

It is compofed of 53 bhea, 
20 alumina, 
18 potafs, 

5 fluat of lime, 
3 oxide of manganefe, 
1 oxide of iron. 

319 
§ Ibid. 
■* Klaproth 
jinn, de 
Cbim. xxii. 
37- 

4 l^auquslin, 
Ann. de 
Chim. XXX. 
105. 

60 
Leucite. 
^ Kirov, i. 
485. 

100 f 

species 3. Leucite J 
Vefuvian of Kirwan—JFAi/e Garnet of Vefuvius. 

This ftone is ufually found in volcanic productions, 
and is very abundant in the neighbourhood of Vefuvius. 
It is always cryftallized. The primitive form of its cry- 
ftals is either a cube or a rhomboidal dodecahedron, and 
its integrant molecules are tetrahedrons; but the varie- 
ties hitherto obferved are all polyhedrons: I he molt 
common has a fpheroidal figure, and is bounded by 24 
equal and fimilar trapeziods § ; fometimes the faces are 
12, 18, 36, 54, and triangular, pentagonal, &c. For 
a defeription and figure of feveral of thefe, we refer the 
reader to Mr Hauy*. The cryftals vary from the fize 
of a pin-head to that of an inch. 

The texture of the leucite is foliated. Its frafture 
fomewhat conchoidal. Luftre 3 ; when in a ftate of 
decompofition o. Tranfparency 3 to 2 ; when decom- 
pofing o. Hardnefs 8 to 10 ; when decompofing 5 to 6. 
Sp. gr. 2.4648. Colour white, or greyilh white (h). Its 

Wp°wder caufes fyrup of violets to affume a green colourf. 
Min. N° It is compofed, as Klaproth has fhewn, of 
xxxix. 165. 54 filica, 

23 alumina, 
22 potafs. 

99 (0 

5 fig- 75. 

* Jour, de 
Min. N° 
xxvii. I8j 

A I. O G Y. C1»fi r. 
It was by analyfing this ftone that Klaproth difeo- Simple 

vered the prefence of potafs in the mineral kingdom ; 
which is not the kaft important of the numerous difco- 
veries of that accurate and illuftrious chemjft. 

Leucite is found ibmetimes in rocks which have ne- 
ver been expofed to volcanic hre ; and Mr. Dolomieu 
has rendered it probable, from the fubftances in which 
it is found, that the leucite of volcanoes has not been 
formed by volcanic fire, but that it exifted previoufly 
in the rocks upon which the volcanoes have adted, and 
that it was thrown out unaltered in fragments of thefe 
rocks X- mSn? 

Genus VIII. sag. . 
species i. Emerald (k). _ 6\

77' 
This ftone has hitherto been only found cryftallized. G.VIII.sao 

The primitive form of its cryftals is a regular lix-iided Emerald, 
prifm ; and the form of its integrant molecules is a tri- 
angular prifm, whofe fides are fquares, and bafes equila- 
teral triangles The moft cornmon variety of its cry-$^, 
ftals is the regular fix-fided prifm, fometimes with the ^ 
edges of the prifm or of the bafes, or the folid angles,^ 
or both wanting *, and fmall faces in their place f. The * Fig. 16. 
fides of the prifm are generally channelled. ^ LiflTii ^ 

Its texture is foliated. Its fra&ure conchoidal. Luftre 
ufually from 3 to 4. Tranfparency from 2 to 4. Caufes/dray, 
a double refradtion. Hardnefs 12. Sp. gr. 2.65 to 
2.775. Colour green. Becomes eledlric by fridlion, 
but not by heat. Its powder does not phofphorefce 
when thrown on a hot iron At 150° Wedge.wood 1^7'" 
it melts into an opaque coloured mafs. According toJ^[in ^Q 
Dolomieu, it is fufible j&er fe by the blow-pipe *. xviii. 19.- 

This mineral was formerly fubdivided into two diftindl * Ibid, 
fpecies, the emerald, and beryl or aqua marina. Hauy 
demonftrated, that the emerald and beryl correfponded 
exadtly in their ftrudture and properties, and Vauquelin 
found that they were compofed of the fame ingredients; 
henceforth, therefore, they muft be confidered as va- 
rieties of the fame fpecies. 

The variety formerly called emerald varies in colour 
from the pale to the perfect green. When heated to 
120° Wedgewood, it becomes blue, but recovers, its co- 
lour when cold. -A fpecimen, analyfed by Vauquelin, 
was compofed of 

64.60 filica, 
14.00 alumina, 
13.00 glucina, 
3.50 oxide of chromum, 
2.56 lime, 
2.00 moifture or other volatile ingredient, 

99 66-}' f dnn. 0 
The beryl is of a greyilh green colour, and fometimes Cto.u 

blue, yellow, and even white : fometimes different co- 
lours appear in the fame ftone J It is found in Ceylon, ^.jr)^ 
different parts of India, Brazil, and efpecially in Siberia 
and Tartary, where its cryftals are fometimes a foot 

Unxt&Albii' 

(f) Kirw. I. 208.—Karjlen. Beob. der Berlin, 5 Band. 71.—Klaproth Beit rage, I. 279. and II. 191. 
(g) That is, fcaleJlone, or ftone compofed of feales: From the fcale of afjh, and ajione. 
(h) Hence the name leucite, from white. 
(1) See Jour, de Min. N° XXVII. 164. and 201. and Klaproth’s Beitrage, II. 39. 
(k) Kir. I. 247. and 248.—Dolomieu. Magazin Encyclopadique, II. 17. and 145*; and Jour de Min. N° 

XVIII. 19.—Klaproth Beitrdge, II. 
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trthsand long. A fpecimcfl of beryl, analyfed by Vauquelin, 
Stones, qontained 69 filica, 
_ v 13 alumina, 

16 glucina, 
1.5 oxide of iron. 

Ann.de ' 99.5 * 
!/«.xxviii. Ji; W3S by analyfing this ftone that Vauquelin difco- 
)8' vered the earth which he called glucina. 

t IX. sab Genus IX. sab. 
taurolite. species I. Staurolite f. 
giriv. i. Andreolite of Lametherie and Hauy—Hyacinthe blanche 

cruciforme, var. 9 of Rome de Lifle. 
This done has been found at Andreafberg in the 

Hartz. It is cryftallized, and the form of its cryftals 
has induced mineralogifts to give it the name of crofs- 

Jlone. Its cryftals J are two four-fided flattened prifms, 
terminated by four fided pyramids, interfering each 
other at right angles : the plane of interfe£tion palling 
longitudinally through the prifms (l). 

Its texture is foliated. Its luftre waxy, 2. Tranf- 
parency from 1 to 3. Hardnefs 9. Brittle. Sp. gr. 
2.355 to 2.361. Colour milk white. When heated 
flowly, it lofes 0.15 or 0.16 parts of its weight, and falls 
into powder. It effervefces with borax and microcof- 
mic fait, and is reduced to a greenilh opaque mafs. With 
foda it melts into a frothy white enamel. When its 
powder is thrown on a hot coal, it emits a greenifh 
yellow light $. 

A fpecimen analyfed by Weftrum was compofed of 
44 fdica, 
20 alumina, 
20 barytes, 
16 water. 

100 
Klaproth found the fame ingredients, and nearly in 

Beitr'dge, the fame proportions *. 
A variety of ftaurolite has been found only once, 

which has the following peculiarities. 
Its luftre is pearly, 2. Sp. gr. 2.361. Colour 

brownifti grey. With foda it melts into a purplilh and 
yellowifh frothy enamel. It is compofed, according to 
Weftrum, of 47.5 filica, 

12.0 alumina, 
20.0 barytes, 
16.0 water, 
4.5 oxides of iron and manganefe. 

63 100.0 
h X- A*1-. O V 
'hryfobe- GENUS X. I. ASL. 
fl- species 1. Chryfoberyl f. 
firw. J. Oriental chryfolite of jewellers—Cymophane of Hauy. 

Hitherto this ftone has been found only in Brazil, 
the ifland of Ceylon, and as fome affirm near Nortfchink 
in Siberia. Werner firft made it a diftindf fpecies, and 
gave it the name which we have adopted. It is ufually 
found in round mafles about the fize of a pea, but it is 
fometimes alfo cryftallized. The primitive form of its 
cryftals is a four-lided redtangular prifm, whole height 

A L O G Y. 211 
is to its breadth as 4/3 t0 3n(l to its thicknefs as 4/2 Simple 
to 1 *. The only variety hitherto obferved is an eight- Slones* 
Tided prifm, terminated by fix-fided fummitsf. Two of* pi^TiT 
the faces of the prifm are hexagons, two are re&angles,f Fig. 
and four trapeziums ; two faces of the fummits are rec- 
tangles, and the other four trapeziums. Sometimes two 
of the edges of the prifm are wanting, and fmall faces 
in their place t Hauy, 

Its texture is foliated. Laminae parallel to the faces * 
of the prifm. Luftre 3 to 4. Tranfparency 3 to 4. 
Caufes Angle refra&ion. Hardnefs 12. Sp. gr. from XXJ’ 5‘ 
3.698 $ to 3.7961 *. Colour yellowifh green, furface ■§ JVerner. 
fparkling. It is infufible by the blow-pipe perfe, and* Haay. 
with foda. 

A fpecimen of chryfoberyl, analyfed by Klaproth, 
was compofed of 71.5 alumina, 

18.0 Alica, 
6.0 lime, 
1.5 oxide of iron. 

Hauy, 
our. de 
lin. N° 
mil. a 8c. 

97.O f f Beitrdge. 
64 

G.X. a.sAt^. 
Genus X. 2. sal. 

species 2. Hyalite*.   
This ftone is frequently found in trap. It occurs * 

in grains, filaments, and rhomboidal maffes. Texture fo-296. 
liated. Frafture uneven, inclining to conchoidal. Luftre 
glaffy (m), 2 to 3. Tranfparency 2 to 3; fometimes, tho’ 
feldom, it is opaque. Hardnefs 9. Sp.gr. 2.11 f. f jiCirwaat 
Colour pure white. Infufible at 1500 Wedgewood ; 
but it yields to foda J. According to Mr Link, it ist 
compofed of 57 filica, 

18 alumina, 
15 lime. 

" _ _ § CrelVs At*. 
90 and a very little iron $. nals, 1790. 

n • 71-. 1 i- a 
Species 3. iEdehte *. 

This ftone has hitherto been found only in Sweden jEdefite. 
at Moffeberg and iEdelfors. From this laft place Mr * Kirw. i 
Kirwan, who ftrft made it a diftindt fpecies, has given *76. 
it the name which we have adopted. It was flrft men- 
tioned by Bergman f. Its form is tuberofe and knotty, f 0/>u/c. vi. 
Texture ftriated ; fometimes refembles quartz. Luftre l01* 
from o to 1. Sp. gr. 2.515 after it has abforbed wa- 
ter 1. Colour light grey, often tinged red; alfo yel-1 Seetf/V- 
lowifh brown, yellowifh green, and green. Before the.™7”’* 
blow-pipe it intumefces and forms a frothy mafs. Acids1, a76, 

convert it into a jelly J. A fpecimen from Moffeberg, § Serg' “i* 
analyfed by Bergman, contained *a7* 

69 Alica, 
20 alumina, 

8 lime, 
3 water. 

1 * * Opufc, vi, 
A fpecimen from iEdelfors yielded to the fame che-101. 

mift 62 filica, 
18 alumina, 
17 lime, 

4 water. 
ioof f 3id. 

    D d 2 Genus 

(l) See Gillot, your, de Phyf 1793, p. 1 and 2. 
(m) Hence probably the name hyalite, which was impofed by Werner from 'waif, and ^0;, ajlone* 



2 12 
Earths and 

Stones. 
Genus X. 3. sawl. 

species 4. Zeolite (n). 

mineralogy. 
According to the anatyfis of Vauquelin, it is compo 

fed of 

* tJauy, 
your, de 
Min. N° 
xiv. 86. 

This ftone was firft defcribed by Cronftedt in the 
Stockholm Tranfaftions for 1756. It is foiind iome- 
times amorphous and fometimes cryftalhzed. 1 he pri- 
mitive form of its cryftals is a rectangular pnfm, whole 
bafes are fquares. The moil common variety is a long 
four-fided prifm, terminated by low four-iided pyra- 
mid . 

its texture is ilriated or fibrous. Its luftre is hlky^ 
from 3 to 1. Tranfparency from 2 to 4; fometimes 1. 
Hardnefs 6 to 8 ; fometimes only 4. Abforbs water, 
Sp. gr. 2.07 to 2.3. Colour white, often with a ihatie 
of red or yellow; fometimes brick red, green, blue, 

t Hauy,ibid When heated, it becomes electric like the tourmaline f. 
N°xxviii. Before the blow-pipe it froths (o), emits a phofpho- 
a7C'' refcent light, and melts into a white femitranfparent 

enamel, too foft to cut glafs, and foluble in acids. In 
acids it diffolves flowly and partially without efferve- 
fcence ; and at lail, unlefs the quantity of liquid be too 
great, it is converted into a jelly. 

A fpecirnen of zeolite (p),' analyfed by Vauquehn, 
contained 53,c0 h^ca> 

27.00 alumina, 
9.46 lime, 

10.00 water. 

t Ibid. N° 
xliv. 576. 

67 
Stilbite. 

Hauyf 
your, de 
Mim. NQ 

xiv. 86. 

N°xxviii 
*76, 

5 2,0 

17-5 
9.0 

18.5 

97.0 

filica, 
alumina, 
lime, 
water. 

Oafs I, 
■ Simple 

S tones. 

* Ibid. 164, 
68 

Analcime, 

99.46 $. 

species 5. Stilbite. 
This {tone was firft formed into a diftindt fpecies by 

Mr Hauy. Formerly it was coniidered as a variety of 
zeolite. 

The primitive form of its cryftals is a rectangular 
prifm, whole bafes are redtangles. It cryftallizes fome- 
times in dodecahedrons, confifting of a four fided prifm 
with hexagonal faces, terminated by four-fided fummits, 
whofe faces are oblique parallelograms; fometimes in 
fix-fided prifms, two of whofe folid angles are wanting, 
and a fmall triangular face in their place *. 

Its texture is foliated. The laminse are eafily fepa- 
rated from each other ; and are fomewhat flexible. 
Luftre pearly, 2 or 3 (qJ. Hardnefs inferior to that 
of zeolite, which fcratches ftilbite. Brittle. Sp. gr. 

Hauy,ibid. 2'$oof. Colour pearl white. Powder bright white, 
■wo",.,... fometimes with a (hade of red. This powder, when ex- 

pofed to the air, cakes and adheres as if it had abforb- 
ed water. It caufes fyrup of violets to affume a green 
colour. When ftilbite is heated in a porcelain crucible, 
it fwells up and affumes the colour and femitranlparen- 
cy of baked porcelain. By this procefs it lofes 0.185 
of its weight. Before the blow-pipe it froths like bo- 
rax, and then melts into an opaque wThite coloured en- 

I Fauquelin, amelt. 
ibid. N° 
sxxix. 161.     

species 6. Analcime. 
This ftone, which was difcovered by Mr Dolomieu,' 

is found cryftallized in the cavities of lava. It was firft 
made a diftina fpecies by Mr Hauy. Mineralogifts 
had formerly confounded it with zeolite. 

The primitive form of its cryftals is a cube. It is 
fometimes found cryftallized in cubes, whofe folid angles 
are wanting, and three fmall triangular faces in place of 
each ; fometimes in polyhedrons wdth 24 faces. It is 
ufually fomewhat tranfparent. Hardnefs about 8 J 
fcratches glafs {lightly. Sp. gr. above 2. When rubbed, 
it acquires only a fmall degree of ele&ricity, and with 
difficulty (r). Before the blow-pipe it melts without 
frothing, into a white femitranfparent glafsf. Mu.mW. 

Genus X. 4. sla. , s6-.a.nd . 
species 7. Lazuhte 4. 6? ' 

This ftone, which is found chiefly in the northern GX4.8LA. 
parts of Afia, has been long known to mineralogifts by Lazulite., 
the name of lapis lazuli. This term has been contra£1- u 

ed into lazulile by Mr Hauy ; an alteration which was - 
certainly proper, and which therefore we have adopted. 

Lazulite is always amorphous. Its texture is earthy. 
Its fra&ure uneven. Luftre o. Opaque, or nearly fo. 
Hardnefs 8 to 9. Sp. gr. 2.76 to 2.945 *. Colour * 
blue(s); often fpotted white from fpecks of quartz, 
and yellow from particles of pyrites. 

It retains its colour at ioo& Wedgewood; in a higher 
heat it intumefces, and melts into a yellowiffi black 
mafs. With acids it effervefces a little, and if previ- 
oufly calcined, forms with them a jelly. 

Margraff publiffied an analyfis of lazulite in the Ber- 
lin Memoirs for 1758. His analyfis has fince been 
confirmed by Klaproth, who found a fpecimen of it to 
contain 46.0 

14.5 
28.0 

6.5 
3-o 
2.0 

filica, 
alumina, 
carbonat of lime, 
fulphat of lime, 
oxide of iron. 
water. 

100.0 f 

Genus XT. sali. 
species 1. Garnet (t). 

This ftone is found abundantly in many mountains. 
It is ufually cryftaliized. The primitive form of its 

cryftals 

■}■ Beitrfpi, 
i. 196. 

70 
G.XI.SAH 

Garnet. 

(n) Kirw. I. 278.— Guettard, IV. 637.—Bucquet, Mem. Sav. Etrang. IX. 576.—Pelletier^ Jour, de Phyf. 
XX. 420. 

(o) Hence the name zeolite, given to this mineral by Cronftedt; from to ferment, a Jlone. 
(p) Dr Black was accuftomed to mention, in the courfe of his leftures, that Dr Hutton had difcovered foda 

in zeolite 'This difcovery has not hitherto been verified by any other chemical mineralogift. 
(ct_) Hence the name given to this mineral by Hauy,y??/£>ite, from <r1i\Ga, toJhine. 
(r) Hence the name analcime given it by Hauy, from <weak. 
(s) Hence the name lazulite, from an Arabian word azul, which fignifies blue. 
(t) Kirw. I. 25*.—Gerhard, Difquifitiophyfico-chymica Granatorum, &c.—Pafumot, four, de Phyf. III. 442* 

<— Wicgleb, Ann. de Chim. I. 231. 
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rder I. MINER 
; tbs and cryftals 19 a dodecahedron whofe Tides are rhombs, with 
f tones. angles of 78° 31 44", and i20Q 28' 16''. The inclina- 

tion of the rhombs to each other is 120°. This dode- 
cahedron may be confidered as a four-fided prifm, ter- 

b>g.10■ minated by four-Tided pyramids It is divifible into 
^ four parallelepipeds, whofe Tides are rhombs ; and each 

11 of thefe may be divided into four tetrahedrons, whofe 
|! Gbim. Tides are ifofceles triangles, equ^l and fimilar to either 

ii- 3°5* of the halves into wdiich the rhomboidal faces of the 
dodecahedron are divided by their Ihorter diagonal. The 

Uauy,ibid-integrant molecules of garnet are fimilar tetrahedronsf. 
Sometimes the edges of the dodecahedrons are wanting, 
and fmall faces in their place ; and fometimes garnet is 
cryftallized in polyhedrons, having 24 trapezoidal faces. 
For a defeription and figure of thefe, and other varie- 
ties of garnet, we refer to Rome ds L'tjle and Hauy\. 

The texture of garnet, as Bergman firlt fhewred, is 
foliated Its fraefure commonly conchoidal. Inter- 
nal luftre from 4 to 2. Tranfparency from 2 to 4 ; 
fometimes only 1 or o. Caufes Tingle refradfion ||. 
Hardnefs from 10 to 14. Sp.gr. 3.75 to 4.188. Co- 
lour ufually red. Often attradfed by the magnet. Fu- 
lible per fs by the blowr-pipe. 

Variety 1. Oriental garnet (u). 
Internal luftre 3 to 4. Tranfparency 4. Flardnefs 

13 to 14. Sp. gr. 4 to 4.188. Colour deep red, in- 
clining to violet (x). 

Variety 2. Common garnet. 
Fradlure uneven, inclining to the conchoidal. In- 

ternal luftre 2 to 3. Tranfparency from 3 to o. Hard- 
nefs 10 to 11 ; fometimes only 9. Sp. gr. 3.77 to 4. 
Colour commonly deep red, inclining to violet ; fome- 
times verging towards black or olive ; fometimes leek 
green, brown, yellow. 

Variety 3. Amorphous'garnet. 
Strudlure flaty. Luftre 2. Tranfparency 2 to 1. 

Hardnefs 11 to 12. Sp. gr. 3.89. Colour brownifh 
or blackifh red. Found in Sweden, Switzerland, and 
the Eaft Indies.’ 

A fpecimen of oriental garnet, analyfed by Klaproth, 
contained 35*75 Hlca> 

27.25 alumina, 
36.00 oxide of iron, 

0.25 oxide of manganefe. 
99.25* 

A fpecimen of red garnet, analyfed by Vauquelin, 
contained 52*° H,ca> 

20,0 alumina, 
17.0 oxide of iron, 

7.7 lime. 

’ Beitrdgt, 
■■i6. 

Jour, de 
Vlin. N° 

A L O G Y. 
Mr Klaproth found a fpecimen of Bohemian garnet, 

compofed of 40.co iilica, 
28. 50 alumina, 
16.50 oxide of iron, 
10.00 magnefia, 
3.50 lime, 
.25 oxide of manganefe. 

2i3 
Simple 
Stones. 

* Beit rage, 
ii. ji. 

Thumer- 
fione. 

98.75* 
species 2. Thumerftone *f*. 

Yanolite of Lamatherie—Axinite of Hauy. ' 
This ftone was firfH-tiefcribed by Mr Schreber, who j. Kt'rvJ, {. 

found it near Balme d’Auris in Dauphine, and gave it 5,73.—Bel~ 
the name offoorl viole It was afterwards found near^wr» 
Thum in Saxony, in confequence of which Werner* 

11 1 • 7 - ixvi. 60. called it ihumerjtone. j jye jjjy 
It is fometimes amorphous; but more commonly ii. ^53. 

cryftallized. The primitive form of its cryftals is a 
redlangular prifm, whofe bafes are parallelograms with 
angles of iofJ32' and 78° 28 $. The moft ufual va-f ^auyt 
riety is a flat rhomboidal parallelopiped, with two oij^in‘ ^ 
its oppolite edges wanting, and a fmall face in place ofxxviii. 164. 
each |j. The faces of the parallelopiped are generally || Fig- 21. 
ftreaked longitudinally «|. \^e 

The texture of thumerftone is foliated. Its frafture 
conchoidal. Luftre 2. Tranfparency, when cryftalli- 
zed, 3 to 4; when amorphous, 2 to 1. Caufes fimple 
refraction*. Hardnefs 10 to 9. Sp. gr. 3.2956. Co-* Hauy, ibid* 
lour clove brown ; fometimes inclining to red, green, 
grey, violet, or black. Before the blow-pipe it froths 
like zeolite, and melts into a hard black enamel. With 
borax it exhibits the fame phenomena, or even when the 
ftone is fimply heated at the end of a pincer f. t Vauquelin, 

A fpecimen of thumerftone, analyfed by Klaproth, *0 
contained 52.7 filica, 

25.6 alumina, 
9.4 lime, 
9.6 oxide of iron with a trace of 

•  manganefe. 
97-31 

A fpecimen, analyfed by Vauquelin, contained 
44 filica, 
18 alumina, 
19 lime, 
14 oxide of iron, 
4 oxide of manganefe. 

xxui. 1. 

| Beitrdge, 
ii. ia6, 

§ Jour, de 
Min. ibid. 

7* 

96.7f 
A fpecimen of black garnet yielded to the fame che- 

mift 43 iilica, 
16 alumina, 
20 lime, 
16 oxide of iron, 
4 moifture. 

Ibid, 573. 99 t 

99 § 
species 3. Prehnite (y). 

Though this ftone had been mentioned by Sage j|, preh*;tei 
Rome de Lifle f[, and other mineralogifts, Werner was || Miner, u 
the firft who properly diftinguifhed it from other mine-232- 
rals, and made it a diftinft fpecies. The fpecimen which ^ryfa^°g' 
he examined w'as brought from the Cape of Good Hope 1 2/^’ 
by Colonel Prehn ; hence the name prehnite, by which 
he diftinguifhed it. It was found near Dunbarton by 
Mr Grotche * ; and fince that time it has been obfer-*^«n. * 
ved in other parts of Scotland. Cb m .213 

It 

(u) This feems to be the carbuncle (av6fa£) of Theophraftus, and the carbunculus garamanticus of other ancient 
writers. See Rill’s Theophrajlus, *<e‘ *«6«v, an(j 

(x) Hence, according to many, the name garnet (in Latin granatus), from the refemblance of the ftone in co- 
lour to the bloflbms of the pomegranate. 

(y) Kirov. I. 274.—Haffenfratz, your, de Phyf. XXXII. 81.—Sage, ibid. XXXIV. Klaproth, Bed. 
der Berlin, 2 Band. 211. And Ann. de Chim, I. 201. 



214 • MINER 
Earths and It is both amorphous and cryflallized The cryftals 

stones are jn groUps, and confufed ; they feem to be four- 
^ ^ 1 fided prifms with dihedral iummits *. Sometimes they 
Jorr.d' are irregular fix-fided plates, and fometimes flat rhom- 
Min. M° boidal parallelopipeds. 
xxviii.577. Its texture is foliated. Fradure uneven. Internal 

luflre pearly, icarcely 2. Tranfparency 3 to 2. Hard- 
f Hauy,ibid.neis ^ to ,0< Brittle. Sp. gr. 2.6969 f- Colour 

apple green, or greenifh grey. Before the blow-pipe it 
froths more violently than zeolite, and melts into a 
brown enamel. A fpecimen of prehnite, analyfed by 
Klaproth, was compofed of 

43.83 filica, 
30.33 alumina, 
18.33 lime, 
5.66 oxide of iron, 
i.t6 air and water. 

I Ann. de 
Cbim. i. 
408. 

§ Ibid, and 
'Jour, de 
Pbyf. N° 
xxxii. 8 r. 

VS 
Thallite. 
Jl Cryftallog. 
li. 401. 

Ilauy, 
Jour, de 
Min. N° 
xxviii. 271. 
* fig. 22. 
f Rome de 
JLiJIe, ibid. 
and Huuy, 
Jour, de 
Min. N° 
XXX. 4IJ. 

I Hauy^TxA 
Hefcotils 
ibid. 

99-31 t . „ . 
Whereas Mr HafTenfratz found in another fpecimen 

50.0 filica, ' 
20.4 alumina, 
23.3 lime, 

4.9 iron, 
.9 water, 
.5 magnefia. 

100.0 $ 

s?ecies 4. Thallite. 
Green Jhorl of Dauphine of De Lille [|.—Delphlnite of 

Sauffure. 
This flone is found in the fiffures of mountains ; and 

hitherto only in Dauphine and on Chamouni in the Alps, 
It is fometimes amorphous, and fometimes cryflalli- 

zed. The primitive form of its cryftals is a redlangu- 
lar prifm, whofe bafes are rhombs with angles of 1140 

37', and 6 s'0 23' ^[. The moft ufual variety is an elon- 
gated four fided prifm (often flattened), terminated by 
tour-fided incomplete pyramids * ; fometimes it occurs 
in regular fix-fided prifms-j*. The cryftals are often 
very flender. 

Its texture appears fibrous. Luftre inconfiderable. 
Tranfparency 2 to 3, fometimes 4; fometimes nearly 
opaque. Caufes fingle refraftion. Hardnefs 9 to 10. 
Brittle. Sp. gr. 3.4529 to 3.46. Colour dark green (z). 
Powder white or yellowim green, and feels dry. It 
dees not become ele&ric by heat. Before the blow- 
pipe, froths and melts into a black flag. With borax 
melts into a green bead J. 

A fpecimen of thallite, analyfed by Mr Defcotils, 
contained 37 filica, 

27 alumina, 
17 oxide of iron, 
14 lime, 
1.5 oxide of manganefe. 

§ Ibid. N° 
xxx. 420. 

96.5 § 

A L O G Y. ciafs r, 
Genus XII. 1. AMst, 
species 1. Cyanite *. 

Sappare of Saufl’ure. 
This ftone was firfl deferibed by Mr SaufTure the fon, G.Xl4[.AMSt 

who gave it the name of fappare-\. It is commonly Cyanite. 
found in granite rocks. The primitive form of its cry-? K'rw.i. 
ftals is a four-fided oblique prifm, whofe fides are inch- 
ned at an angle of 103°. The bafe forms with one fide Rbyf.xm, 
of the prifm an angle of 1030 ; with another an angle of 39. 
77°. It is fometimes cryftallized in fix-fided prifms j;. t Jour.de 

Its texture is foliated. Laminae long. Fragments 
long, fplintery. Luftre pearly, 2 to 3. Tranfparency | 7^^ 
of the laminae 3. Caufes fingle refradion §. Hardnefs Jour.de 
6 to 9. Brittle. Sp.gr. from 3.092 to 3.622U. Feels 
fomewhat greafy. Colour milk white, with fhades oHx”11‘a?,‘ 
fky or pruffian blue (a); fometimes bluifh grey ; fome-jj Kkwal. 
times partlybluiflt grey, partly yellowifh or greenifh grey. 

Before the blow-pipe it becomes almoft perfe&ly 
white ; but does not melt. According to the analyfig 
of Sauffure, it is compofed of 

66.92 alumina, 
13.25 magnefia, 
I2.8i filica, 
5.48 iron, 
1.71 lime. 

100.17* , * Jour.de 
Cyanite has alfo been analyfed by Struvius and Her* Pbyf. ibid, 

mann, who agree with Sauffurc as to the ingredients; 
but differ widely from him and one another as to the 
proportions. 

Hermann. 
- - 30 alumina, 
- - 39 magnefia, 
- - 23 filica, 
- 2 iron, 
- * 3 lime. 

f Crell'iAn* 
mils, IJJO. 
| Ibid. 

75 

101.0$ 

199. 

(z) Hence the name thallite given it by Lametherie, from 6«xxor, a green leaf. 
(a) Hence the name cyanite, impofed by Werner. 

JnnllsKif&9 
S^~MarSraf' Mem. Berlin, 1759r P-3—Jour, de Phyf XIII. if.—Mayer, Crell's 

A ferpentenC£ ^ ^entine> 2Iven t0 the ftone froni a ^ippofed refemblance in colours to the fkin of 

96-5+ 971: 
Genus XII. 2. msa. 

species 2. Serpentine(b). 
This ftone is found in amorphous maffes. Its frac- g. XU. a. 

ture is fplintery. Luftre o. Opaque. Hardnefs 6 to msa. 
7. Sp. gr. 2.2645 to 2.709. Feels rather foft, almoft SerPent‘nft 

greafy. Generally emits an earthy fmell when breath- 
ed upon. Its colours are various fhades of green, yel- 
low, red, grey, brown, blue: commonly one or two co- 
lours form the ground, and one or more appear in fpota 
or veins (c). 

Before the blow-pipe it hardens and does not melt. 
A fpecimen of ferpentine, analyfed by Mr Chenivix, 

contained 34.5 magnefia, 
28.0 filica, 
23.0 alumina, 
4.5 oxide of iron, 
0.5 lime, 

10.5 water. 
Genus § A/m.de 

Cbim, xxvnif 
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Genius XIII. msai. 
species i. Potllone *. 

This (lone is found in nefts and beds* and is always 

2I5 

G. XIH. amorphous. Its ftrudlure is often flaty. Texture un- 
msai. dulatingly foliated. Luflre from 1 to 3. Tranfpa- 

Potftone. renCy from 1 to o ; fometimes 2. Hardnefs 4 to 6. 
Ktriu. 1. jgrjtt;]e< gp_ gr> from 2.8531 10 3.023. Feels grea- 

fy. Sometimes abforbs water. Colour grey with a 
lhade of green, and fometimes of red or yellow ; fome- 
times leek green ; fometimes fpecked with red. 

Potftone is not much affected by fire ; and has there- 
fore been made into utenfils for boiling water; hence 
its name. 

According to Wiegleb, 
tains 38 

38 
7 
5 
1 
1 

the potftone of Como con- 
magnefia, 
filica, 
alumina, 
iron, 
carbonat of lime, 
fluoric acid. 

98.8 § 

A fpecimen of the fame variety yielded Mr Haep- Simple 
ner 12.92 oxide of iron, 

37.50 filica, • 
4.17 alumina, 

43-75 magnefia, 
1.66 lime. 

100.0 * 

77 
Chlorite. species 2. Chloritef. 
Kirw. i. This mineral enters as an ingredient into different 

47* mountains. It is fometimes amorphous, and fometimes 
cryftallized in oblong, four-fided, acuminated cryftals. 

Its texture is foliated. Its luftre from 0 to 2. O- 
paque. Hardnefs from 4 to 6; fometimes in loofe 
fcales. Colour green. 

Variety 1. Farinaceous chlorite. 
Compofed of fcales fcarcely cohering, either heaped 

together, or invefting other (tones. Feels greafy. Gives 
an earthy fmell when breathed on. Difficult to pulve- 
rife. Colour grafs green ; fometimes greenifh brown ; 
fometimes dark green, inclining to black. Streak white. 
When the powder of chlorite is expofed to the blow- 
pipe it becomes brown. Before the blow-pipe, farina- 
ceous chlorite froths and melts into a dark brown glafs; 

t raajrw//'«,with borax it forms a greenifh brown glafs J. 
Variety 2. Indurated chlorite. 

mix. 167. This variety is cryftallized. Luftre 1. Hardnefs 6. 
Feel meagre. Colour dark green, almoft black. Streak 
mountain green. 

Variety 3. Slaty chlorite. 
Structure flaty. Fragments flatted. Internal luftre 

I to 2. Hardnefs £. Colour greenifh grey, or dark 
green inclining to black. Streak mountain green. 

A fpecimen of the firft variety, analyfed by Vauque- 
lin, contained 43.3 oxide of iron, 

26.0 filica, 
15.5 alumina, 

8.0 magnefia, 
2.0 muriat of potafs, 
4.0 water. 

§ Ann. it 
Cbim. xxx. 
106, 

* SaaJJure't 
A fpecimen of the fecond variety, analyfed by the ^ 

fame chemift, contained 
10.15 °xide of iron, 
41.15 filica, 
6.13 alumina, ' ^ 

39.47 magnefia, 
j.50 lime, 
1.50 air and water. 

99.90 t f Crell's'An- 
On the fuppofition that thefe analyfes are accurate, 

the enormous difference between them is a demonftra* ^ 5 

tion that chlorite is not a chemical combination, but a 
mechanical mixture. 

Genus XIV. slam. G.X1W 
species 1. Siliceous fpar (d). slam 

This ftone has been found in Tranfylvania. It is 
cryftallized in a or 6 fided prifms, channelled tranf- ^ 
verfely, and generally heaped together. Its texture is 
fibrous. Its luftre filky, 2. Its colours white, yellow, 
green, light blue. According to Bindheim, it contains 

61.1 filica, 
21.7 lime, 

6.6 alumina, 
5.0 magnefia, 
1.3 oxide of iron, 
3.3 water. 

99.0 * 

Genus XV. samli. 
species 1. Argillite f. 

* Bcrr.vu 
104. 

79 
Argillaceous JhiJlus—Common Jlate. samli* 

This ftone conftitutes a part of, many mountains. Argillites 
Its ftrudlure is flaty. Its texture foliated. Fradture t Kir-w. ii 

fplintery. Fragments often tabular. Luftre, moft com-234- 
monly fdky, 2 ; fometimes o. Tranfparency from o to 
1. Hardnefs from 5 to 8. Sp. gr. from 2.67 to 2.88. 
Does not adhere to the tongue. Gives a clear found 
when (truck. Often imbibes water. Streak white or 
grey. Colour moft commonly grey, with a fhade of 
blue, green, or black; fometimes purplifh, yellowifhi 
mountain green, brown, bluilh black: fometimes ftriped 
or fpotted with a darker colour than the ground. 

It is compofed, according to Kirwan, of filica, alu- 
mina, magnefia, lime, oxide of iron. In fome varieties 

the 

(d) Is this the tremolite of Lowitz from the lake Baikal in Siberia ? If fo, the name of the genus ought to be 
slm ; for he found it contain no alumina. According to his analyfis, it was compofed of 

52 filica, 
20 lime, 
12 carbonat of lime, 
12 magnefia, 

96 
The 
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the lime is wanting, Several varieties contain a confi- 
derable quantity of carbonaceous matter. 

Genus XVI. slacmi. 
species i. Smaragdite. 

This ftone was called fmaragdite by Mr Sauflure, 
from fotne refemblance which it has to the emerald. 
Its texture is foliated. 1 he laminae are inflexible. 
Fra&ure even. Hardnefs 7. Colour in fome cafes 
fine green, in others it has the grey colour and metallic 
luftre of mica: it afiumes all the fhades of colour be- 
tween thefe two extremes *. 

According to the analyfis of Vauquelin, it is compo- 
fed of 50.0 filica, 

13.0 lime, 
11.0 alumina, 

7.5 oxide of chromum, 
6.0 magnefia, 
5.5 oxide of iron, 
1.5 oxide of copper. 

t Ann. de 
Chim. xxx. 
I06. 

81 
G. XVII. 

SM. 
Kiffekil. 
I Kinvan s 
Min.i. 144, 

§ Reigncgg. 
Philof. 
JYlag. iii. 
I65. 
* Klaproth. 

■f Beit rage, 
ii. 1 yZ. 

8z 
Steatites. 

| Brijfon. 

94-5 t 
Genus XVII. sm. 

Species i. KifFekil£. 
Myrfen—Seafroth. 

This mineral is dug up near Konie in Natolia, and 
is employed in forming the bowls of Turkilh tobacco 
pipes. The fale of it fupports a large monaftery of 
dervifes eftablifhed near the place where it is dug. It 
is found in a large fiffure fix feet wide, in grey calcare- 
ous earth. The workmen affert, that it grows again 
in the fiflure $, and pufi's itfelf up like froth (e). This 
mineral, when frefh dug, is of the confiftence of wax ; 
it feels fioft and greafy ; its colour is yellow; its fp. gr. 
1.600 * : when thrown on the fire it fweats, emits a 
fetid vapour, becomes hard, and perfectly white. 

According to the analyfis of Klaproth, it is compo- 
fed of 50-5° fdica, 

17.25 magnefia, 
25.OO water, 

5.00 carbonic acid, 
.50 lime. 

98.25 f 

species 2. Steatites (f). 
Though this mineral was noticed by the ancients, 

little attention was paid to it by mineralogifls, till Mr 
Pott publilhed his experiments on it in the Jkrlin Me- 
moirs for 1747. 

It is ufually amorphous, but fometimes it is cryltalli- 
zed in fix-fided prifms. Its texture is commonly earthy, 
but fonjetimes foliated. Luftre from o to 2. Tranf- 
parency from o to 2. Hardnefs 4 to 7. Sp. gr. from 
2.61 to 2.7941. Feels greafy. Seldom adheres to 
the tongue. Colour ufually white or grey ; often with 

A L O G Y. CWfi t, 
a tint of other colours 5 the foliated commonly green, Simple 
Does not mdt per fe before the blow-pipe. Stones. 

Variety I. Semi indurated ileatites. 1 ’ —1 

Texture earthy. Fra&ure fometimes coarfe fplin- 
tery. Luftre o. Tranfparency o, or fcarce r. Hard- 
nefs 4 to 5. Abforbs water. Takes a polifh. from the 
nail. Colour white, with a {hade of grey, yellow, or 
green ; fometimes pure white ; fometimes it contains 
dendritical figures ; and fometimes red veins. 

Variety 2. Indurated fteatites. 
Fratfture fine fplintery, often mixed with imperfeftly 

conchoidal. External luftre 2 to if internal o. Tranf- 
parency 2. Often has the feel of foap. Abforbs wa- 
ter. Colour yellowiih or greenifti grey ; often veined 
or fpotted with deep yellow or red. 

Variety 3. Foliated or ftriated fteatites. 
The texture of this variaty is ufually foliated ; fome- 

times ftriated. Fragments cubiform. Luftre 3. Tranf- 
parency 2 to 1. Hardnefs 6 to 7. Colour leek green, 
palling into mountain green or fulphur yellow. Streak 
pale greenifli grey. When heated to rednefs, it becomes 
grey ; and at 1470 Wedgewood, it forms a grey porous 
porcelain mafs^ * Kirvia»% 

A fpecimen of fteatites, analyfed by Klaproth, con-‘*iJj 
tained 59.5 fibca, 

30.5 magnefia, 
2.5 iron, 
5.5 water. 

98.0 "j' f Bcitragt, 
A fpecimen of white fteatites, analyfed by Mr Che-ii. 179. 

nevix, contained 60.00 filica, 
28.50 magnefia, 
3.00 alumina, 
2.50 lime, 
2.25 iron. 

96.25 J 

Genus'XVIII. msi. 
species i. Chryfolite (g). 

t Ann. tit 
Chim. 
xxviii. icO. 

83 
Peridot of the French—Topaz of the ancients. G,XMI

s|
f‘ 

The name chryfolite was applied, without difcrimina-Chrjtfolite. 
tion, to a great variety of ftones, till Werner defined it 
accurately, and confined it to that ftone which the 
French chemifts diftinguifti by the appellation of peri- 
dot. This ftone is the topaz of the ancients ; their 
chryfolite is now called topaz *. * Plinii,lit> 

Chryfolite is found fometimes in unequal fragments, 37. c. 8. 
and fometimes cryftallized f. The primitive form of its-j- Fig. z.n 
cryftals is a right angled parallelepiped J, whofe length, j fig_24< 
breadth, and thicknefs, are as 5, v^, ^5 §. 

The texture of the chryfolite is foliated. Its frac- jour_ de 
cure conchoidal. Its internal luftre from 2 to 4. Its Min N° 
tranfparency from 4 to 2. Caufes double refraftion.xxviii. 

Hardnefs^1, 

The carbonat of lime was only mechanically interpofed between the fibres of the ftone. See Pallas, Neu. Nord. 
Beitr'dge, 6 Band, p. 146. 

(e) Hence the name kiff-kil, or rather liejf-kelli, “ clay froth,” of “ light clay.” 
(f) Kir<w. I. 151.—Pott, Mem. Berlin, 1747, p. 57.—Wiegleb, four, de Phyf. XXIX. 60.—Lavoifier, 

Mem. Par. 1778, 435. 
(g) Kiriv. I. 262.—Cartheufer, Min. 94.—Dolomieu, four, de Min. N°xxix. 365.—La Metherie, Nouv. 

four, de Phyf. I. 397. 
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Stones. 
Sp. gr. from 3.265 

 3.45. Colour green. It is infulible at 150°, but lofes 
tranfparency, and becomes blackifh grey *. With bo- 

( rax it melts without effervefcence into a tranfparent glafs 
of a light green colour. Infufxble with microcofrtaic 

Yaujuelin, fait f and fixed alkali t. 
Inn. de 

I "hint. xxi. Variety I. Common chryfolite. 
>7- Found in Ceylon, and South America, and in Bo- 
X^eLrt' hemi'a> amidft fand and gravel §. Luftre 3 to 4. Tranf- 
four. de ’ parency 4 to 3. Colour yellowifh green, fometimes ver- 
Min. N° ging to olive green, foraetimes to pale yellow. ;xii. no. _ 

|' Kir-wan s Variety 1 Olive chryfolite—Olivine*. 
\tin. i. Found commonly among traps and bafalts ; fometimes 

' ‘n grains> fometimes in pretty large pieces ; but has not 13660 obferved in cryftals. Luftre 2 to 3. 
157. Tranfparency 3 to 2. Colour olive green. 

The firft variety, according to the analyfis of Kla- 
proth, is compofed of 41.5 magnefia, 

38.5 filica, 
19.0 oxide of iron. 

Klaproth's —— 
Ititriigt, i. 99.O f 
03. According to that of Vauquelin, it is compofed of 

» 51.5 magnefia, 
38.0 filica, 
9.5 oxide of iron. 

Ann de 
'him. ibid. 99.0 x 

The fecond variety, according to the analyfis of Kla- 
proth, is compofed of 37.58 magnefia, 

50.00 filica, 
1 J.75 oxide of iron, 

.21 lime. 

Mirage, 99'54 § 

84 ^ Species 2. Jade (h). 
ade. This ftone was formerly called lapis naphriticus, and 

was much celebrated for its medical virtues. It is found 
in Egypt, China, America, and in the Siberian and 
Hungarian mountains. It is fometimes adhering to 
rocks, and fometimes in detached round pieces. 

Its furface is fmooth. Its frafture fplintery. Ex- 
ternal luftre o, or fearce 1 ; internal waxy, 1. Tranf- 
parency from 2 to 1. Hardnefs 10. Not brittle. Sp. 
gr. from 2.95 to 2.9829 ; or, according to Sauffure, 
to 3 389. Feels greafy. Looks as if it had imbibed 
oil. Colour dark leek green, or verging towards blue ; 
in fome prominences inclining to greenifli or bluifh 
white. When heated it becomes more tranfparent and 
brittle, but is infufible per fe. According to Hoepfner, 
it is compofed of 47 filica, 

38 carbonat of magnefia, 
9 iron, 
4 alumina, 
2 carbonat of lime. 

100 
This is the ftone in which the inhabitants of New 

Zealand make into hatchets and other cutting inftru- 
ments. 

. 217 
to Genus XIX. sml. simple 

species 1. Afbeftus (1). , Stoncs- ^ 
This mineral was well known to the ancients. They s$ 

even made a kind of cloth from one of the varieties, G. XiX. 
which was famous among them for its incombuftibility. SML* 
It is found abundantly in moft mountainous countries, Aibeftus. 
and no where more abundantly than in Scotland. 

It is commonly amorphous. Its texture is fibrous. 
Its fragments often long fplintery. Luftre from o to 
2 ; fometims 3> and then it is metallic. Tranfparency 
fioro o to 2. Hardnefs from 3 to 7. Sp, gr. from 
2.7 to 0.6806. Abforbs water. Colour ufually white 
or green. Fufible ptrfe by the blow-pipe. 

Variety 1. Common afbeftus. 
Luftre 2 to 1. Tranfparency 1. Hardnefs 6 to 7. 

Sp. gr. 2.577 to 2.7, Teels fomewhat greafy. Colour 
leek green ; fometimes olive or mountain green ; fome- 
times greenilh or yellowifh grey. Streak grey. Pow- 
der grey. 

Variety 2. Flexible afbeftus. 
Amiantus. 

Compofed of a bundle of threads fh'ghtly cohering. 
Fibres flexible. Luftre 1 to 2, fometimes 3. Tranf- 
paVency 1 to 2, fometimes o. Hardnefs 3 to 4. Sp. 
gr. before it abforbs water, from 0.9088 to 2.3134; 
after abforbing water, from 1.5662 to 2.3803 *. Feels* Brijfon, 
greafy. Colour greyifh or greenifh white ; fometimes 
yellowifh or filvery white, olive or mountain green, pale 
flefli red, and mountain yellow. 

Variety 3. Elaftic afbeftus. 
Mountain cork. 

This variety has a ftrong refemblance to common 
cork. Its fibres are interwoven. Luftre commonly o. 
Opaque. Hardnefs 4. Sp. gr. before abforbing wal 
ter, from c.6806 to 0.9933 > after abforbing water, 
from 1.2492 to 1.3492. Feels meagre. Yields to the 
fingers like cork, and is fomewhat elaftic. Colour white ; 
fometimes with a fhade of red or yellow; fometimes 
yellow or brown. 

A fpecimen of the firft variety from Dalecarlia, an- 
alyfed by Bergman, contained 

63.9 filica, 
16.0 carbonat of lime, 
itz.B carbonat o^ magnefia, 
6.0 oxide of iron, 
1.1 alumina. 

* Ojntfc. iv, 

(h) Kirw. I. 171.—Bartolin, De Lapide Nephritico. 
Hijl. Nat. de la Suijfe, I. 251. 

(1) Kirw. I. 159.—Bergman, IV. 160—Plot, Phil. 
Ibid. III. 367. 

Suppl. Vol. II. Part I. 

99.8 * 
A fpecimen of the fecond variety yielded to the fameiyof 

chemift 64.0 filica, 
17.2 carbonat of magnefia, 
13.9 carbonat of lime, 

2.7 alumina, 
2.2 oxide of iron. 

100.0 % \Ilid.p, 
A fpecimen of the third variety contained, according i63- 

to the fame analyfis, 56.2 filica, 
26.1 carbonat of magnefia, 
12.7 carbonat of lime, 
3.0 iron, 
2.0 alumina. 

  100.0$ T welve 5 Ibid- Pi 
—Lehman, Nov. Comm. Pelropol. X. 381. Hoepfner,110' 

Tranf XV. 1051—Hebei, Jour, de Phyf II. 62.—' * * 

E e 
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Pyroxen. 
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Earth* and Twelve different fpecimens of afbettus, analyfed by- 
Stones. Bergman, yielded the fame ingredients, differing a little 

)r^$I7v<in their proportions *. 
*7J- species 2. Albeftinite (k). 
AlhSnfre This ftone is amorphous. Texture foliated or broad 

ftriated. Luftre filky, 3. Tranfparency 1 to 2. Hard- 
nefs 5 to 6. Sp. gr. from 2.806 to 2.880. Colour 
white with {hades of red, yellow, green or blue. At 
I50u Wedgewood it melts into a green giafs. 

Genus XX. 1. silm. 
species i. Pyroxen. 

This {lone is found abundantly in lava and other ^vol- 
canic produdtions (l). It is always cryftallized. 1 he 
primitive form of its cryftals is an obhc|ue angled ptifm, 
whofe bafes are rhombs with angles of 920 iS', and 

l Hauy, 37= 42'f. It generally cryftallizes in eight-fidedprifms, 
Jour.de terminated by dihedral fummits J. Its texture is folia- 

xxvHi^o ted- Hardnefs 9. Colour black ; fometimes green. 
* De Life, Powder greenifh grey Commonly attradled by the 
if 398. ’ magnet *. Scarcely fufible by the blow pipe f. With 
§ Vauquelinborax it melts into a yellowifh giafs, which appears red 
+ while it is hot 
} Vauquelin. According to the analyfis of Vauquelin, it is com- 

pofed of 52.Q0 fdica, 
14.66 oxide of iron, 
13.2c lime, 
10.00 magnefia, 

3.33 alumina, 
2.00 oxide of manganefe. 

Simple 
Stones. 

§ Jour <h 
Min. 
xxxix. 172. 

88 
Afbertoid. 
* Kirnuan, 
i. 166.. 

95-19$ 
species 2. Afbeftoid*. 

This Hone has obtained its name from its fimilarity 
to common afbeftus. It is amorphous. Its texture 
is foliated or ftriated. Its luftre common or glaffy, 
from 2 to 3. Tranfparency from o to 1. Hardnefs 
6 to 7. Sp. gr, from 3 to 3.31. Colour olive or leek 
green ; when deeompofrog, brown. Before the blow- 
pipe it melts per fe into a brown globule. With bo- 
rax it forms a violet-coloured globule verging towards 
hyacinth *. According to the analyfis of Mr Mac- 
quart, it is compofed of 46 filica, 

20 oxide of iron, 
11 lime, 
10 oxide of manganefe, 

8 magnefia. 

951 . 
There is a variety of this fpecies which Kinvan calls 

metalliform affieftoid. Its luftre is femimetallic, 3. 
Opaque. Hardnefs 8 to 9. Sp. gr. 3.356., Colour 

}Kir-wan, grey, fometimes inclining to red %. 
Min. i. 167. 

^Macquart, 
Ann. de 
Chim. xxii. 

f Hid. 

A L O G Y. Clafs l. 
Genus XX. 2, smil. 

species 3. Shorlaceous aftinolite (m). . . ; 
This ftone cryftallizes in four or fix fided prifms, ^ 

thicker at one end than the other; hence it has been g. XX. a. 
called by the Germans jlrahljlein, “ arrow-ftone.” The smil. 
cryftals fometimes adhere longitudinally. Frafture 
hackly. External luftre glaffy, 3 to 4; internal, 1 to 
2. Tranfparency from 2 to 3 ; fometimes 1. Hard- 
nefs from 7 to 10. Sp. gr. 3.023 to 3-45' Colour 
leek or dark green. 

This ftone is often the matrix of iron, copper, and 
tin ores. _ _ ^ 

species 5. Lamellar aftinolite. Lamellar 
This ftone refembles hornblende. It is amorphous, aftinolite. 

Texture foliated. Luftre various in different places. 
Tranfparency o, or fcarce 1. Sp. gr. 2.916. Colour 
dark yellowilh or greenilh grey. ^ 

species 6. Glaffy aftinolite. Glaffy adts. 
This ftone is found amorphous, compofed of fibres 

adhering longitudinally, or in fiender four or fix fided 
prifms. Texture fibrous. Fragments long fplintery, 
fo {harp that they can fcarcely be handled without in- 
jury. External luftre glaffy or filky, 3 to 4 ; internal 
O. Tranfparency 2. Exceedingly brittle. Sp. gr. 
2.95 to 2.493. Colour leek green ; fometimes verging 
towards greenilh or filver white ; fometimes ftained 
with yellowifh or brownilh red. According to Berg- 
man it is compofed of 72.0 filica, 

12.7 carbonat of magnefia, 
6.0 carbonat of lime, 
7.0 oxide of iron,. 
2.0 alumina. 

99-7 $ § Opufc. iv, 171. 
Genus XXL. sl. 

species 1. Shiftole hornftone *. G.XX(.5L.{ 
The ftrufture of this ftone is flaty. Luftre from oShiftofe 

to 1. Commonly opaque. Hardnefs 9 to 10. Sp. 
gr. from 2.596 to 2.641. Colour dark bluifh or black-305. 
ilh grey. Infufible per fe. 

Variety 1. Siliceous fhiftus. 
Commonly interfefted by reddilb veins of iron ftone. 

Frafture fplintery. Luftre o. Tranfparency from o 
to 1. 

Variety 2. Bafanite or Lydian ftone. 
Commonly interfefted by veins of quartz. Frafture 

even ; fometimes inclining to conchoidal. Luftre fcarce 
1. Hardnefs 10. Sp. gr. 2.596. Powder black. 
Colour greyifh black. 

This, or a ftone fimilar to it, was ufed by the an- 
cients as a touchftone. They drew the metal to be ex- 
amined along the ftonc, and judged of its purity by" 

the 

(k) Kir<w. Mtn. I. 1.65. Is this the tremolite of Werner? It certainly is not the tremolite of the French 
mineralogifts. 

(l) Hence the name pyroxen given it by Hauy ; from ^jfre, and a Jlranger. It means, as he himfelf 
explains it, a Jlranger in the regions of Jire. By this he means to indicate, that pyroxen, though prefent in lava,, 
is not a volcanic produftion. 

(m) . In this and the following fpecies we have followed Mr. Kirwan’s new arrangement exaftly, without even 
ventuung to give the fynonimes of other authors. The deferiptions which have been given are fo many and in- 
comulete, and the minerals themlelves are ftill fo imperfeftly known, and have got fo many names, that no part 
of mineralogy is in a ftate of greater confufion. 
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irths and the colour of the metallic llreak. On this account 
Stones, they called it (Zaira* s, the trier. They called it alfo Ly- 

dianjime, becaufe, as Theophraftus informs us, it was 
Hill's found moll abundantly in the river Tmolus in Lydia *. 

Utofr^us, A fpecimen of the firft variety, analyfed by Wieg- 
pi a<6^v, Jeb, contained 75.0 iilica, 

10.0 lime, 
4.6 magnefia, 
3.5 iron, 
5.2 carbon. 

98-3 
This fpecies is rather a mechanical mixture than a 

chemical combination. 

190. 

93 
,XXU. 

zs. 
Zircon. 
Kirwan, 
257. and 
, 

rig. 25. 

Many, 
>ur. de 
’in. N° 
vi. 91. 

Fig. 26. 

Ibid. 

Ibid. 

Uid. p, 
>6. 

Genus XXII. zs. 
species I. Zircon f. 

Jargon—Hyacinth. 
This Hone is brought from Ceylon, and found alfo 

in France, Spain, and other parts of Europe. It is 
commonly cryllallized. The primitive form of its cry- 
Hals is an o&ahedron compofed of two four-fided py- 
ramids applied bafe to bafe, whofe fides are ifofceles 
triangles (n). The inclination of the fides of the fame 
pyramid to each other is 1240 12'; the inclination of 
the Tides of one pyramid to thofe of another 82° 50'. 
The folid angle at the apex is 730 44' $. The varieties 
of the cryftalline forms of zircon amount to feven. In 
fome cafes there is a four-fided prifm interpofed be- 
tween the pyramids of the primitive form ; fometimes 
all the angle# of this prifm are wanting, and two fmall 
triangular faces in place of each ; fometimes the cry- 
ftals are dodecahedrons, compofed of a flat four-Tided 
prifm with hexagonal faces, terminated by four-fided 
fummits with rhomboidal faces || ; fometimes the edges 
of this prifm, fometimes the edges where the prifm and 
fummit join, and fometimes both together, are wanting, 
and we find fmall faces in their place.’ For an accurate 
defcnption and figure of thefe varieties, we refer to Mr 
Hauy 

The texture of the zircon is foliated. Internal luftre 
3. Tranfparency from 4 to 2. Caufes a very great 
double refradlion. Hardnefs from 10 to 16. Sp. gr. 
from 4.2 to 4.165 *. Colour commonly reddifli or yel- 
lowifli ; fometimes it is limpid. 

Before the blow-pipe it lofes its colour, but not its 
tranfparency. With borax it melts into a tranfparent 
glais. Infufible with fixed alkali and microcofmic fait. 

l- The variety formerly called hyacinth is of a yel- 
lowifh red colour, mixed w'lth brown. Its furface is 
fmooth. Its luftre 3. Its tranfparency 3 to 4. 

_ 2 The variety formerly called jargon of Ceylon, is 
either grey, greenifh, yellowilh brown, reddifti brown, 
or violet. It has little external luftre. Is fometimes 
nearly opaque. 

The firft variety, according to the analyfis of Vau- 
quelin, is compofed of 64.5 zirconia, 

32.0 filica, 
2.0 oxide of iron. 

98-5 t 

A L O G Y. 
A fpecimen analyfed by Klaproth contained 

70.0 zirconia, 
25.0 filica, 
0.5 oxide of iron. 

219 
Saline 
Stones. 

. 95-5 * . ^ * Beit rage, 
The fecond variety, according to Klaproth, who dif-h 23I* 

covered the component parts of both thefe ftone,§, con- 
tains 60.0 zirconia, 

31.5 filica, 
. 0.5 nickel and iron. 

100.0 J t Ibid. I 
219. 

Order II. SALINE STONES. 

Under this order we comprehend ’all the minerals Genera, 
which confift of an earthy balls combined with an acid. 
They naturally divide themfelves into five genera. We 
lhall deferibe them in the following order. 

I. CALCAREOUS SALTS. 
Carbonat of lime, 
Sulphat of lime, 
Phofphat of lime, 
Fluat of lime, 
Borat of lime. 

II. BARYT1C SALTS. 
Carbonat of barytes, 
Sulphat of barytes. 

III. STRONTITIC SALTS. 
Carbonat of ftrontites, 
Sulphat of ftrontites. 

IV. MAGNESIAN SALTS. 
Sulphat of magnefia. 

V. ALUMINOUS SALTS. 
Alum. 

Genus I. calcareous salts. q i^Cal* 
This genus comprehends all the combinations of limecareous 

and acids which form a part of the mineral kingdom. faits. 

species I. Carbonat of lime. Carbonat 
No other mineral can be compared with carbonat ofGf lime, 

lime in the abundance with which it is fcattered over 
the earth. Many mountains conlift of it entirely, and 
hardly a country is to be found on the face of the globe 
where, under the names of limeftone, chalk, marble, 
fpar, it does not conftitute a greater or fmaller part of 
the mineral riches. 

It is often amorphous, often ftalaclitieal, and often 
cryftallized. The primitive form of its cryftais is a pa- 
rallelopiped, whofe Tides are rhombs, with angles ol 770 

30 and 102° 30'J. Its integrant n olecules have the f Fig. a8. 
fame form. The varieties of its cryftals amount to more 
than 40 ; for a defeription and figure of which we re- 
fer to iW deLi/le *_ and Hauy (o). . CryJlaU u 

When cryltadized, its texture is foliated ; when amor- 497. 
phous, its ftru&uie is fometimes foliated, fometimes 
ftriated, fometimes granular, and fometimes earthy. Its 

E e 2 luftre 

(n) Let ABC (fig. 27.) be one of the Tides. Draw the perpendicular BD': then AB = 5, BD = 4 AD = 2 
(o) EJfai d'une Theorie, &c. p. 75.—Jour, de Phyf. 1793, Auguft, p 114.— Jour. d'Hitt, Nat, 1702 Februl 

ary, P. 148.—Ann. de Chim, XVII. 249. dc Min. W XXVIIL 30^. J 79 ’ 
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Eartlis and luftre varies from o to 3. Tranfparency from O to 

Stones. Jt caufes double refraction ; and it is the only mineral 
^v ‘ which caufes double refraftion through two parallel 

faces of the cryftal. Hardnefs from 3 to 9. _ Sp. gr. 
from 2.315 to 2.78. Colour, when pure, white. Ef- 
fervefces violently with muriatic acid, and diffolves com- 
pletely, or leaves but a fmall reiiduum. The folution 
is colourlefs. 

This fpecies occurs in a great variety of forms ; and 
therefore has been fubdivided into numerous varieties. 
All thefe may be conveniently arranged under two ge- 
neral divifions. 

1. Soft carbonat of lime. 
Variety 1. Agaric mineral. 

Mountain milk, or mountain meal of the Germans. 
This variety is found in the clefts of rocks, or the 

bottom of lakes. , It is nearly in the Hate of powder ; 
of a white colour, fometimes with a fhade of yellow ; 
and fo light that it almoft floats on water. 

Variety 2. Chalk. 
The colour of chalk is white, fometimes with a fhade 

of yellow. Lullre o. Opaque. Hardnefs 3 to 4. Sp. 
gr. from 2.315 to 2657. Texture earthy. Adheres 
fiightly to the tongue. Feels dry. Stains the fingers, 
and marks. Falls to powder in water. It generally 
contains about of alumina, and of water ; the 
reit is carbonat of lime. 

Variety 3. Arenaceous limeftone. 
Colour yellowifh white. Luftre 1. Tranfparency 1. 

So brittle that fmall pieces crumble to powder between 
the fingers. Sp. gr. 2.742. Phofphorefces in the dark 
when fcraped with a knife, but not when heated. It 
confifts almoft entirely of pure carbonat of lime. 

Variety 4. Teftaceous tufa. 
The colour of this variety is yellowifh or greyifh 

white. It is exceedingly porous and brittle; and is ei- 
ther compofed of broken fhells, or refembles mortar 
containing fhells ; or it confifts of fiftulous concretions 
varioufly ramified, and refembling mofs. 

II. Indurated carbonat of lime. 
Variety 1. Compadf limeftone. 

The texture of this variety is compadt. It has little 
luftre ; and is moft commonly opaque. Hardnefs 5 to 
8. Sp. gr. 1.3864 to 2.72. Colour grey, with vari- 
ous fhades of other colours. It moft commonly con- 
tains about r'gth of alumina, oxide of iron, &c. ; the reft 
is carbonat of lime. This variety is ufually burnt as 
lime. 

Variety 2. Granularly foliated limeftone. 
Strudfure fometimes flaty. Texture foliated and gra- 

nular. Luftre 2 to 1. Tranfparency 2 to 1. Hard- 
nefs 7^08. Sp.gr. 2.71 to 2.8376. Colour white, 
of various fhades from other colours. 

Variety 3. Sparry limeftone. 
Strudture fparry. Texture foliated. Fragments 

rhomboidal. Luftre 2 to 3. Tranfparency from 2 to 
4 ; fometimes 1. Hardnefs 5 to 6. Sp. gr. from 2.693 
to 2.718. Colour white ; often wuth various fhades of 
other colours. To this variety belong all the cryftals 
of carbonat of lime. 

Variety 4. Striated iimeftone. 
Texture ftriated or fibrous. Luftre 1 to o. Tranf- 

parency 2 to 1. Hardnefs 5 to 7. Sp. gr. commonly 
horn 2.6 to 2.77* Colours various. 

.LOGY. ciafs r. 
Variety 5. Swine {lone. Saline 

Texture often earthy.. Fradture often fplintery. Stonea’J 
Luftre 1 to o. Tranfparency o to j. Hardnefs 6 to 
7. Sp. gr. 2.701 to 2.7121. Colour dark grey, of 
various fhades. When fcraped or pounded it emits an 
urinous or garlic fmell. 

Variety 6. Oviform. 
This variety confifts of a number of fmall round bo- 

dies, clofely compadted together. Luftre o. Tranfpa- 
rency o or 1. Flardnefs 6 to 7. ^ 

species 2. Sulphat of lime. Sulphate? 
Gypfum—Selenite. *ime‘ 

This mineral is found abundantly in Germany, 
France, England, Italy, &c. 

It is found fometimes in amorphous mafies, fometimes 
in powder, and fometimes cryftallized. The primitive 
form of its cryftals, according to Rome de Lifte, is a 
decahedron *, which may be conceived as two four-fided* Fig. 19. 
pyramids applied bafe to bafe, and which, inftead of 
terminating in pointed fummits, are truncated near their 
bafes ; fo that the fides of the pyramids are trapeziums, 
and they terminate each in a rhomb. Thefe rhombs 
are the largeft faces of the cryftal. The angles of the 
rhombs are 5 2° and 158°. The inclination of two op- 
pcfite faces of one pyramid to the twro fimilar faces of 
the other pyramid is 14 3°, that of the other faces 1 lof. f Cnjlau 
Sometimes fome of the faces are elongated ; fometimes M4* 
it cryftallizes in lix-iided prifms, terminated by three 
or four-fided fummits, or by an indeterminate number 
of curvilinear faces. For a defcription and figure of 
thefe varieties, we refer to Rome de Lijle J. j: IbUL 

The texture of fulphat of lime is moft commonly fo- 
liated. Luftre from o to 4. Tranfpareney from o to 
4. It caufes double refraction. Its hardnefs does not 
exceed 4. Its fp. gr. from 1.872 to 2.311. Colour 
commonly white or grey. 

Before the blow-pipe; it melts into a white enamel, 
provided the blue flame be made to play, upon the edges 
of its laminae. When the flame is di'redted againft its 
faces, the mineral falls into powder §. j LeLievr 

It does not effervefce with muriatic acid, except it be jour.ite 
impure ; and it does not diffolve in it. Mw. WQ 

The following varieties of this mineral are defervingXXV111' 
of attention. 

Variety 1. Broad foliated fulphat. 
Texture broad foliated. Luftre glaffy, from 4 to 2. 

Tranfparency from 4 to 3. Hardnefs 4. Sp. gr, 
2.311. Colour grey, often with a fhade of yellow. 

Variety 2. Grano^foliated fulphat. 
Texture foliated, and at the fame time granular; fo that 

it eafily crumbLs into powder. Luftre 2 to 3. Trauf- 
parency 2 to 3. Hardnefs 4 to 3. Sp. gr. from 2.274 to 
2.3ic. Feels foft. Colour white or grey, often with 
a tinge of yellow, blue, or green ; fometimes flefh red, 
brown, or olive green. 

Variety 3. Fibrous fulphat. 
Texture fibrous. Fragments long fplintery. Luftre 

2 to 3. Tranfparency 2 to 1 ; fometimes 3. Hardnefs 
/\. Brittle. Sp. gr. 2.300. Colour white, often with 
a fhade of grey, yellow, or red ; fometimes flefh red, and 
fonnnimes honey yellow ; fometimes feveral of thefe co- 
lours meet in ftripes. 

Variety 4. Compaft fulphur. 
Texture compaCt. Luftre x or c. Tranfparency 2 to 

L 
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:rtbs and r, fometmiea o. Hardnefs 4. Sp. gr. from 1.872 to 
S'ones 2.288, Feels dry, but not harfh. Colour white, with a 
■"Y"—’' {liade of grey, yellow, blue, or green; fometimes yellow; 

fometimes red ; fometimes fpotted, ifriped, or veined- 
Variety 5. Farinaceous fulphat. 

Of the confillence of meal. Luftre o. Opaque. 
Scarcely finks in water. Is not gritty between the^teeth. 
Feels dry and meagre. Colour white. When heated 
below rednefs, it becomes of a dazzling white. 

species 3. Phofphat of lime. 
j^pathe—Phofphorite—Chryfolite—of the French. 
This fubftance is found in Spain, where it forms 

whole mountains, and m difterent parts of Germany. 
It is fometimes amorphous, and fometimes cryttallized. 
The primitive form of its cryftals is a regular fix-lided 
priim *. Its integrant molecule is a regular triangular 
prifm, whofe height is to a fide of its bafe as 1 to V” 2 t* 
Sometimes the edges of the primitive hexagonal prilm 
are wanting, and imall faces in their place ; fometinves 
there are fmall faces inftead of the edges which termi- 
nate the priftu ; fometimes thefe two varieties are unit- 
ed ; fometimes the terminating edges and the angles of 
the prifm are replaced by fmall faces ^ ; and fometimes 

Hauyybid.xho. prifm is terminated by four iided pyramids $. 
Its texture is foliated. Its frafture uneven, tending, 

to conchoidal. External luftre from 2 to 3, internal 
3 to 2. Tranfparency from 4 to 2. Caufes fingle re- 
fra&ion. Hardnefs 6 to 7. Brittle. Sp. gr. from 
2.8249 • o 3.218. Colour commonly green or grey ; 
fometimes brown, red, blue, and even purple. 

It is infufible by the blow-pipe. When its powder 
is thrown upon burning coals, it emits a yellowifh green 
phofphorefcent light. It is foluble in muriatic acid 
without efferve'fcence or decompofition, and the folution 
often homes gelatinous. 

species 4. Fluat of lime. 
Fluor. 

This mineral is found abundantly in different coun- 
tries, particularly in Derbyfhire. It is both amorphous 
and cryftallized. 

The primitive form of its cryftals is the regular ofto- 
hedron ; that of its integrant molecules the regular te- 

^ trahedron ||. The varieties of its cryftals hitherto ob- 
-.325.’ ' ferved amount to 7. Thefe are the primitive o&ohe- 

dron ; the cube ; the rhomboidal dodecahedron ; the 
Fig. 32. cubo o&ohedron «|j, which has both the faces of the cube 

and of the oftohedroo ; the oftohedron wanting the 
edges; the cube wanting the edges, and either one 

* Fig. 33. face;*, or two faces in place of each. For a defeription 
Ibid. and figure of thefe we refer to Mr Hauy\. 

The texture of fluat of lime is foliated. Luftre from 
2 to 3, fometimes o. Tranfparency from 2 to 4, fome- 
times 1. Caufes fingle refradtion. Hardnefs 8. Very 
brittle. Sp. gr. from 3.0943103.1911. Colours nume- 
rous, red, violet, green, red, yellow, blackifh purple. Its 
powder thrown upon hot coals emits a bluifh or greenifh 
light. Two pieces cf it rubbed in the dark phofpho- 
refee. It decrepitates when heated. Before the blow- 

: ll\d. P‘Pe ^ tnelts into a tranfparent glafs 
It admits of a pohfh, and is often formed into vafes 

and other ornaments. 

L 

99 
luat of 

100 
Wat of 
iaie, 

o g y. ^ *** 
neburg, feated in a bed of fulphat of lime. It is my- Saline 
ftallized. The primitive form of its cryftals is the , v. 
cube *. In general, all the edges and angles of the 
cube are truncated ; fometimes, however, only the al-^w. * 
ternate angles are truncated f. The fize of the cryftals Mm. Nq 

does not exceed halt an inch. ^ 
The texture of this mineral is compact. Its fradture 

is flat conchoidal. External lufte 3 ; internal, greafy, Wcjlrum. 
2. Tranfparency from 2 to 3. Hardnefs 9 to 10. Sp. 
gr. 2.566. Colour greyifh white, fometimes pafTmg in- 
to greenifh white or purplifh. 

When heated it becomes eleftric ; and the angles of 
the cube are alternately pofitive and negative . t Huuy^bid. 

Before the blow-pipe it froths, emits a greenifh light, d£ 

and is converted into a yellowifh enamel, garnifhed with^^"'1X' 
fmall points, which, if the heat be continued, dart out 
in fparks §. _ , §LeLievret 

According to Weftrum, who difeovered its compo-y0„r, 
nent parts, it contains 68 

13- 
11 

1 
2 

boracic acid, 
magnetia, 
lime, 
alumina, 
filica, 

Min. ibid. 

06 f l A*n:.d* ^ Cbtm. a. 
species 6. Nitrat of lime. 116. 

Found abundantly mixed with native nitre. ^'°1" a vf;tra° 
defeription fee the article Chemistry in this Supple- 
merit, nQ 672. 102 

x Genus II. barytic salts. miefafts. 
This genus comprehends the combinations of barytes 

witk acids. T03 
species I. Carbonat of barytes. CarbonatoE 

Witherite. _ _ barytes. 
This mineral was difeovered by Er Withering ; hence 

Werner has given it the name of witherite. It is found 
both amorphous and cryftallized. The cryftals are oc- 
tohedrons or dodecahedrons, confifting of four or fix 
fided pyramids applied bafe to bafe ; fometimes the fix- 
fided pyramids are feparated by a prifm ; fometimes fe- 
veral of thefe priims are joined together in the form of 
a ftar. 

Its texture is fibrous. Its frafture conchoidal. Its 
fragments long fplintery. Luftre 2. Tranfparency 2 
to 3. Hardnefs 5 to 6. Brittle. Sp. gr. 4.3 to 4~33^* 
Colour greenifh white. When heated it becomes opaque. 
Its powder phofphorefces when thrown on burning 
coals*. 

It is foluble with effervefcence in muriatic acid, 
folution is colourlefs. 

According to Pelletier it contains 
62 barytes, 
2 2 carbonic acid, 
16 water. 

The 
Hawjv 

species 5. Borat of lime. 
Boraclte. 

This mineral has been found atKa Ikberg near Lu- 

100 T t 7our-dt 1 . Min. N° 
species 2. Sulphat of barytes. xxi. p. 46. 

Borofelenite. ^ 
This mineral is found abundantly in many countries, 

particularly in Britain. It is fometimes in powder, of- 
ten in amorphous mafles, and often cryftallized. The 
primitive form of its cryftals is a reftangular prifm. 
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whofe bafes are rhombs, with angles of 101° 30' and 
78° 30' *. The varieties of its cryilals are very nume- 
rous. For a defcription and figure of them we refer 
to Rome de Lijle\ and Hauy J. The moft common va- 
rieties are the odtohedron with cuneiform fummits, the 
fix or four fided prifm, the hexangular table wfith be- 
velled edges. Sometimes thefe cryftals are needle form. 

Its texture is commonly foliated. Luftre from o to 
2. Tranfparency from 2 to o ; in fome cafes 3 or 4. 
Hardnefs from 5 to 6. Sp. gr. from 4.410 4.44. Co- 
lour commonly white, with a {hade of yellow, red, blue, 
or brown. 

When heated it decrepitates. It is fufible by 
the blue flame of the blow-pipe, and is converted into 
fulphurat of barytes. Soluble in no acid except the 
fulphuric ; and precipitated from it by water. 

Variety 1. Foliated fulphat. 
Luftre 3 to 3, Tranfparency from 4 to 2, fome- 

times 1. Colours white, reddifh, bluiflr, yellowifh, 
blackifh, greenifli. Mr Werner fubdivides this variety 
into three, according to the nature of the texture. Thefe 
three fubdivifions are granularly foliated, Jiraightfoliated) 
curve foliated. 7 

Variety 2. Fibrous fulphat. 
Texture fibrous ; fibres converging to a common 

centre. Luftre iilky or waxy, 2. Tranfparency 2 to 
I. Hardnefs 5. Colours yellowifh, bluifti, reddifli. 

Variety's. Compadl fulphat. 
Texture compadt. Luftre o to 1. Tranfparency 1 

too. heels meagre. Almoft conftantly impure. Co- 
lours light yellow, red, or blue. 

Variety 4. Earthy fulphat. 
In the form of coarfe dufty particles, flightly cohe- 

ring. Colour reddifh or yellowifh white. 

Ge nus III. Strontitic Salts. 
This genus comprehends all the combinations of 

ftrontites and acids which form a part of the mineral 
kingdom. 

species 1. Carbonat of ftrontites 
Carbonatof ^1!s mjDera^ w^a difeovered in the lead mine of 
ftrontiteg. Srontion in Argylefhire ; and fince that time it is faid 

to have been difeovered, though not in great abundance, 
in other countries. It is found amorphous, and alfo cry- 
ftallized in needles, which, according to Hauy, are re- 
gular fix-fided prifms. 

Its texture is fibrous; the fibres converge. Fradure 
uneven. Luftre 2. Tranfparency 2. Hardnefs 5. Sp. 
gr. from 3.4 to 3.66. Colour light green. Does not 
decrepitate when heated. Before the blow-pipe be- 
comes opaque and white, but does not melt. * With 
borax it effervefees, and melts into a tranfparent colour- 
lefs glafs. Effervefees with muriatic acid, and is totally 
diffolved. The folution tinges flame purple. 

species 2. Sulphat of ftrontites. 
Celejline. 

This mineral has been found in Pennfylvania, in Ger- 
many, in k ranee, in Sicily, and Britain. It was firft 
difeovered near Briftol by Mr Clayfield. There it is 
found in fuch abundance, that it has been employed in 
mending the roads. 

It occurs both amorphous and Cryftallized. The 
ciyftals are moft commonly bevelled tables, fometimes 
rhomboidal cubes. Its texture is foliated. More or 
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lefs tranfparent. Hardnefs 5, Sp. gr, from 3.51 to Aggregate* 
3.96. Colour moft commonly a fine iky blue ; fome-      
times reddifli ; fometimes white, or nearly colourlefs $. ^ 

Klaproth found a fpecimen of this mineral from Penn- Juur. iZ’ 
fylvania compofed of 58 ftrontites, 36. 

42 fulphuric acid. 

100 || • II Beitriige, 
According to the analyfis of Mr Clayfield, the ful-h-97* 

phat ftrontites found near Briftol is edmpofed of 
58.25 ftrontites, 
41.75 fulphuric acid of 2.24, and a little iron u- If Hid. Ni. 

cholfons 
1OO .00 Journal. 

According to the analyfis of Vauquelin, the fulphat 
of ftrontites found at Bouvron in France, which was 
contaminated with .1 of carbonat of lime, is compofed 
of 54 ftrontites, 

45 fulphuric acid. 
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ENUS LV. * Jour, it MAGNESIAN SALTS. Min. N» 
This genus comprehends the combinations of magne-xxxvii.6. 

fia and acids which occur in the mineral kingdom. On- 108 

ly two fpecies have hitherto been found; namely, Magnefiaa 

species r. Sulphat of magnefia. Salts. 
It is found in Spain, Bohemia, Britain, &c.; and Sulphat of 

enters into the compofition of many mineral waters. magnefia. 
For a defcription of it, we refer to Chemistry, n° 

633. in this Suppl. 

species 2. Nitrat of magnefia;. 
Found fometimes afibciated with nitre, 

feription fee Chemistry, n° 674, 

no 
t, , Nitrat of I or a de-magneQai 

Genus V. ALUMINOUS SALTS. Ill 
This genus comprehends thofe combinations of alu-^-V. Alu- 

mina and acids which occur in the mineral kingdom. lllinouS 
& falts. 

species r. Alum. m 
This fait is found in cryftals, in foft maffes, in flakes, Alum, 

and invifibly mixed with the foil. For a defeription, 
wre refer to Chemistry, n° 636. 

Order III. AGGREGATES. 

This order comprehends all mechanical mixtures of 
earths and ftones found in the mineral kingdom. Thefe 
are exceedingly numerous : the mountains and hills, 
the mould on which vegetables grow, and indeed the 
greater part of the globe, may be coniidered as compo- 
fed of them. A complete defeription of aggregates be- 
longs rather to geology than mineralogy. It would be 
improper, therefore, to treat of them fully here. But 
they cannot be altogether omitted ; becaufe aggre- 
gates are the firft fubftances which prefent themfelves to 
the view of the pradlical mineralogift, and becaufe, 
without being acquainted with the names and compo- 
nent parts of many of them, the moft valuable minera- 
logical works could not be underftood. II3 

■^•SSreSates may be comprehended under four divi-Divifion of 
lions: 1. Mixtures of earths; 2. Amorphous fragments aggregates> 

of ftones agglutinated together ; 3. Cryftallized ftones, 
either agglutinated together or with amorphous ftones ; 
4* ■^•gSreSates formed by fire. It will be exceedingly 

Convenient 
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irths and conventent to treat each of thefe feparately. We fhall 

f stones. therefbre divide this order into four fedtions. 

Sect. I. Aggregates of Earths. 

The moft common earthy aggregates may be com- 
prebended under the following genera : 

1. Clay, 
2. Colorific earths, 
3. Marl, 
4. Mould. 

mineralogy. 
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Clay. 
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Genus I. clay. 
Clay is a mixture of alumina and filica in various 

proportions. The alumina is in a ftate of an impalpable 
powder ; but the filica is almoft always in fmall (tones, 
large enough to be difiinguifhed by the eye. Clay, 
therefore, exhibits the charadter of alumina, and not of 
filica, even when this laft ingredient predominates. The 
particles of filica are already combined with each other; 
and they have fo itrong an affinity for each other that 
few bodies can feparate them ; whereas the alumina, not 
being combined, readily difplays the charadters which 
diftinguifh it from other bodies. Befides alumina and 
filica, clay often contains carbonat of lime, of magnefia, 
barytes, oxide of iron, &c. And as clay is merely a 
mechanical mixture, the proportion of its ingredients is 
exceedingly various. 

Clay has been divided into the following fpecies: 

species 1. Porcelain day. 
Its texture is earthy. Its lultre o. Opaque. Hard, 

nefs 4. Sp. gr. from 2.23 to 2.4. Colour white, 
fometimes wfith a (hade of yellow or red. Adheres 
(lightly to the tongue. Feels foft. Falls to powder in 
water. 

A fpecimen, analyfed by Haflenfratz, contained 
62 filica, 
19 alumina, 
12 magnefia, 
7 fulphat of barytes. 
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A fpecimen, analyfed by Mr Wedgewood, contained 

60 alumina, 
20 filica, 
12 air of water. 
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species 2. Common clay. 
Its texture is earthy. Luftre o. Opaque. Hard, 

nefs 3 to 6. Sp. gr. 18 to 2.68. Adheres (lightly 
to the tongue. Often feels greafy. Falls to powder in 
water. Colour, when pure, white ; often tinged blue 
or yellow. 

Variety 1. Potter’s clay. ' 
Hardnefs 3 to 4. Sp. gr. 1.8 to 2. Stains the fin- 

gers (lightly. Acquires fome poliffi by friftion. Co- 
lour white ; often with a tinge of yellow or blue ; fome- 
times brownifh, greenifh, reddifh. Totally diffufible in 
water; and, wdien duly moiftened, very dudlile. 

Variety 2. Indurated clay. 
Hardnefs 5 to 6. Does not diffufe itfelf in water, 

but falls to powder. Difcovers but little du&ility. Co- 
lours grey, yellowilh, bluiffi, greenilh, reddifh, brown- 
i(h. 

223 
Variety 3, Shiftofe clay. Aggregates 

Stru&ure (laty. Sp. gr. from 2.6 to 2.68. Feels 
fmooth. Streak white or grey. Colour commonly 
bluifli, or yellowifh grey ; fometimes blackifh, reddiffi, 
greenifh. Found in llrata, ufually in coal mines. 

1 his variety is fometimes impregnated with bitumen. 
It is then called bituminousJlsale. 

species 3. Lithomarga. 1 • 
Texture earthy. FraAure conchoidal. Luftre fromga. " 

O to 2. Opaque. Hardnefs 3 to 7. Sp. gr. when 
pretty hard, 2.815. Surface fmooth, and feels foapy, 
Adheres ftrongly to the tongue. Falls to pieces, and 
then to powder, in water ; but does not diffufe itfelf 
through that liquid. Fufible per fe into a frothy mafs. 

Variety 1. Friable lithomarga. 
Formed of fcaly particles (lightly cohering. Luftre 

1 to o. Hardnefs 3 to 4. Exceedingly light. Feels 
very fmooth, and aflumes a polifh from the nail. Colour 
white; fometimes tinged yellow or red. 

Variety 2. Indurated lithomarga. 
Hardnefs 4 to 7* "l he fofter forts adhere very ftrong- 

ly to the tongue when newly broken ; the harder very 
modelately. Colours grey, yellow, red, browm, blue. 

A fpecimen oi lithomarga from Ofmund, analyfed by 
Bergman, contained 60.0 filica, 

11.0 alumina, 
5.7 carbonat bf lime, 
4.7 oxide of iron, 
0.5 carbonat of magnefia, 

18.0 water and air. 

99.9 * 
species 4. Bole. 

Texture earthy. Fradture conchoidal. Luftre o. 
Tranfparency fcarce r. Hardnefs 4. Sp. gr. from 1.4 
to 2. Acquires a polifti by fridtion. Scarcely adheres 
to the tongue. Feels greafy. Colour yellow or brown ; 
fometimes red ; fometimes fpotted. 

The lemnian earth which belongs to this fpecies, ac- 
cording to the analyfis of Bergman, contains 

47,0 filica, 
19,0 alumina, 
6.0 carbonat of magnefia. 
5.4 carbonat of lime, 
5.4 oxide of iron, 

17.0 water and air. 

^ Opufc. iv» 
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Bole. 
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species 5. Fullers earth. 
Texture earthy. Strudfure fometimes (laty. Frac- 

ture imperfedfly conchoidal. Luftre o. Opaque. Hard- 
nefs 4. Receives a polifti from fridtion. Does not ad- 
here to the tongue. Feels greafy. Colour ufually 
light green. 

A fpecimen from Hampftiire, analyfed by Bergman, 
contained 51.8 filica, 

25.0 alumina, 
3.3 carbonat of lime, 
3.7 oxide of iron, 
0.7 carbonat of magnefia. 

15.5 moifture. 

f Hid. p» 
h57- 

1x9 
Fuller* 
earth. 

100.0$ 
This 

1 Hid. 159, 



miner 

“ t »nd This earth Is ttfed by fullers to take the greafeout 
Stones. of their doth before they apply foap. It is ellent^1 to 

earth that the particles of hhca be very hn,, 
otherwife they would cut the cloth. Any clay, pof- 
fefled of this lad property, may be confulered as fullers 
earth; for it is the alumina alone which ads “PJ11 * ( 
cloth, on account of its ftrong affinity for greafy fuo- 
ftances. ' 

^ p Genus II. Colorific Earths. 
loritic The minerals belonging to this genus conhft of clay, 
earths. mixed with fo large a quantity of lome colouring ingre- 

dient as to render them ufeful as paints. I he colour- 
'ing matter is commonly oxide of iron, and fometimes 
charcoal. 

RedVhalk. species r. Red chalk. 
Reddle. _ 

Texture earthy. Fradure conchoidal. Luilre O. 
Opaque. Hardnefs 4. Sp. gr. inconfiderable. Co- 
lour dark red. , 

Feels rough. Stains the lingers. Adheres to the 
tongue. Falls to powder in water Does not become 
dudile. When heated it becomes black, and at 159 
Wedgewood melts into a greeniffi yellow frothy enamel. 

Compofed of clay and oxide of iron. 

Yellow species 2. Yellow chalk. f 
chalk. Texture earthy. Fra&ure conchoidal. Hardneis 3. 

Sp. gr. inconfiderable. Colour ochre yellow. 
Feels fmooth or greafy. Stains the fingers. Ad- 

heres to the tongue. Falls to pieces in water. When 
heated becomes red ; and at 156° Wedgewood melts 
into a brown porous porcelain. 

According to Sage, it contains 
50 alumina, 
40 oxide of iron, 
1 o water, with fome fulphuric acid. 

* Mem. 
Par. 1779, 
313* 

i*3 
Black 

.chalk. 

species 3. Black chalk. 
Strudure flaty. Texture earthy. Fragments fplin- 

tery. Luftre o. Opaque. Hardnefs 5. Sp.gr. 2.144 
to 2.277. Colour black. Streak black. 

Feels fmooth. Adheres flightly to the tongue. Does 
not moulder in water. When heated to rednefs it be*- 
comes reddifh grey. 

According to Wiegleb, it is compofed of 
64.50 filica, 
11.25 alumina» 
ii.co charcoal, 
2.75 oxide of iron, 
7.50 water. 

\ Ann.de 97-OOf 
Cbim, xxx. species 4. Green earth. 
13’ia4 Texture earthy. Luftre o. Opaque. Hardn^fs 6 
Green to 7. Sp. gr. 2.637. Colour green. 
earth. Commonly feels "fmooth. Does not ftain the fingers. 

Often falls, to powder in water. When heated it be- 
comes reddifti brown ; and at 147 '’ Wedgewood melts 
into a compad glafs. 

Compofed of clay, oxides of iron, and nickel. 

125 Genus III. Marl. 
<UII.Marl. mixture of carbonat of lime and clay, in which the 

A L O G Y. Clafs I, 
carbonat confiderably exceeds the other ingredient, is Aggregate, 
called marl. ^ tT j 

Its texture is earthy. Luftre o. Opaque. Ilard- 
nefs from 4 to 8 ; fometimes in powder. Sp. gr. from 
1.6 to 2.877. Colour ufually grey, often tinged with 
other colours. Effervefces with acids. 

Some marls crumble into powder when expofed to the 
air ; others retain their hardnefs for many years. 

Marls may be divided into two fpecies : 1. Thofe 
which contain more filica than alumina ; 2. Thofe which 
contain more alumina than filica. Mr Kirwan has call- 
ed the fir ft of thefe filiceous, the fecorid argillaceous, 
marls. Attention fhould be paid to this diftindion 
when marls are ufed as a manure. 

n6 
Genus IV. Mould. G.IV. 

By mould is meant the foil on which vegetables grow. 
contains the following ingredients . lihca, alumina, 

lime, magnefia (fometimes,), iron, carbon derived from 
decayed vegetable and animal fubftances, carbonic acid, 
and water. And the good or bad qualities o£foils de- 
pends upon a proper mixture of thefe ingredients. The 
filica ,s feldom in the ftate of an impalpable powder, but 
in grains of a greater or fmaller fize « Its chief ufe feems 
to be to keep the foil open and pervious to moifture. 
If we pafs over the carbon, the iron, and the carbonic 
acid, the goodnefs of a foil depends upon its being able 
to retain the quantity of moifture which is proper for 
the nouriffiment of vegetables, and no more. Now the 
retentive power of a foil increafes with the proportion 
of its alumina, lime, or magnefia, and diminifties as the 
proportion of its filica increafes. Hence it follows, that 
in a dry country, a fertile foil ftiould contain lefs filica, 
and more of the other earths, than in a wet country. 

Giobert found a fertile foil near Turin, where it 
rains annually 30 inches, to contain 

From 77 to 79 filica, 
9 — 14 alumina, 
5 — 12 lime. 

Near Paris, where it rains about 20 inches annually, 
Mr Tillet found a fertile foil to contain 

Coarfe fand 25 
Fine fand 21 

— 46.0 filica, 
16.5 alumina, 
37.5 lime. 

100.0* _ * Kirwan 
The varieties of mould are too numerous to admit an on Manum, 

accurate defeription : we ftiall content ourfelves, there- 
fore, with mentioning the moft remarkable. ^ 

species 1. Sand. SaI1<l' 
This confifts of fmall grains of filiceous ftones not 

cohering together, nor foftened by water. When the 
grains are of a large fize, the foil is called gravel. 

ia8 
species 2. Clay. Cby* 

This confifts of common clay mixed with decayed ve- 
getable and animal fubftances. 

i*9 
species 3. “ Loam. Loam- 

Any foil which does not cohere fo ftrongly as clay, 
but more ftrongly than chalk, is called loam. There 
are many varieties of it. The following are the mo 
common. „ ., Variety 
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arrhs ami Variety t. Clayey loam ; called alfg Jfrong, jl'iff, cold, 

and heavy, loam. 
It confifts of a mixture of clay and coarfe fand. 

Variety 2. Chalky loam. 
A mixture of clay, chalk, and coarfe fand ; the chalk 

predominating. 
Variety 3. Sandy loam. 

A mixture of the fame ingredients; the fand amount- 
ing to .8 or .9 of the whole. 

130 
Till. SPECIt'S 4. Till. 

Till is a mixture of clay and oxide of iron, 
a red colour, very hard and heavy. 

It is of 

Sect II. Aggregates of Amorphous Stones. 

131 
. I. Sand- 
one. 

13* 
alcareouf. 

The aggregates which belong to this feaion confift 
of amorphous fragments of ftones cemented together. 
T. hey may be reduced to the following genera : 

1. Sandftone, 
2. Puddingdone, 
3. Amygdaloid, 
4. Breccia. 

Genus I. Sandstone. 
Small grains of land, confiding of quartz, flint, horn- 

ftone, filiceous fliiltus, or felfpar, and fometimes of mi- 
ca, cemented together, are denominated fanditones. 
-They feel rough and fandy ; and, when not very hard, 
eafily crumble into fand. The cement or bafis by which 
the grains of fand are united to each other is of four 
kinds ; namely, lime, alumina, filica, iron. Sandltones, 
therefore, may be divided into four fpecies. 

species 1. Calcareous fandftones. 
Calcareous fandftones are merely carbonat of lime or 

marl, with a quantity of fand interpofed between its 
particles. Though the quantity of fand, in many cafes, 
far exceeds the lime, calcareous fandftones are fometimes 
found cryftallized ; and, in feme cafes, the cryftals, as 
might be expe&ed, have fome of the forms which dif- 
tinguifh carbonat of lime. Thus the calcareous fand- 
ftone of Fountainbleau is cryftallized in rhomboidal 
tables. It contains, according to the analyfis of Laf- 
fone 62.5 filiceous fand, 

37.5 carbonat of lime. 

A L 0 G Y. 225 
Sometimes ftones occur, confifllng of grams of lime Aggregate* 

cemented together with filica. Thefe ftones are alfo de- 
nominated filiceous fandftones. 

135 
species 4. Ferruginous fandftones. Ferrugi- 

The iron which atfts as a cement in ferruginous fand-nous* 
ftones is not far from a metallic ftate. When iron is 
completely oxidated, it lofes the property of ailing as 
a cement. This is the reafon that ferruginous fand- 
ftones, when expofed to the air, almoft always crumble 
into powder. 

The colour of ferruginous fandftones is ufually dark 
red, yellow, or brown, i he grains of fand which com- 
pofe them are often pretty large. Their hardnefs is 
commonly inconfiderable. 

^ 136 Genus II. Pudding Stone. G. IF. Pud- 
Pebbles of quartz, flint, or other fimilar ftones of adingftone* 

round or eliptical form, from the fize of rape feed to 
that of an egg, cemented together by a filiceous ce- 
ment, often mixed with iron, have been denominated 
pudding Jlones. 

Pudding ftones, of courfe, are not inferior in hard- 
nefs to quartz, flint, chalcedony, &c. of which the peb- 
bles may confift. The colour of the cement is ufually 
yellow, brown, or red. Its fraAure is conchoidal. 

The finer forts of pudding ftones are capable of a fine 
polifh ; the coarfe are ufed for mill-ftones. 

Genus III. Amygdaloid. G. III. A- 
Rounded or eliptical mafles of chalcedony, zeolite, mj-gdaloid. 

limeftone, lithomarga, fteatites, green earth, garnets, 
hornblende, or opal, cemented together by a bafis of in- 
durated clay, trap, mullen, walken or kragg, confti- 
tute an amygdaloid. 

Amygdaloids are opaque. They have no luftre. 
Their fraAure is uneven or conchoidal. Hardnefs 6 to 
9. Their colours are as various as the ingredients of 
which they are compofed. 

r I38 
Genus IV. Breccia. G.iV. 

Angular fragments of the fame fpecies of ftone, agglu- Breccia, 
tinated together, conftitute a breccia. This calcareous 
breccia confifts of fragments of marble cemented toge- 
ther by means of lime. 

TOO 
Calcareous fandftones have commonly an earthy tex- 

ture. Their furface is rough. Their hardnefs from 6 
to 7. Their fpecific gravity about 2.5 or 2.6. Their 
colour grey ; fometimes yellowifh or brown. They are 

i33 ' fometimes burned for lime. 
luminous. species 2. Aluminous fandftones. 

The bafis of argillaceous fandftones is alumina, or 
rather clay. Their ftruAure is often flaty. Their tex- 
ture is compaA, and either fine or coarfe grained, ac- 
cording to the fize of the fand of which they are chief- 
ly compofed. Their hardnefs is from 6 to 8, or even 
9. Their colour is ufually grey, yellow, or brown. 

They are often formed into mill-ftones, filtering- 
ftones, and coarfe whet-ftones. 

[liceou3t species 3. .Siliceous fandftones. 
Siliceous fandftones confift of grains of fand cement- 

ed together by filica, or fome fubftance which confifts 
chiefly of filica or flint. They are inuch harder than 
any of the other fpecies. 

Suppl. Vol. II. Part I. 

Sect. III. Aggregates of Cryjlals. 
The minerals belonging to this feAion confift either 

of cryftals of different kinds cemented together, or of 
cryftals and amorphous ftones cemented together, 

l^cy may be reduced under the following genera. 
' 1. Granite, 

2. Sienite, 
3. Granatine, 
4. Granitell, 
5. Granilite, 
6. Trap, 
7. Porphyry. 

Genus I. Granite. r3f 
An aggregate of felfpath, quartz, and mica, what-^e. °ra' 

ever be the fize or the figure of the ingredients, is de- 
nominated granite. This aggregate may be divided 
into two fpecies, namely, common granite, and Jhijiofe 
granite or gneifs. 

species I. Common granite. 
Its ftruAure is always granular. The felfpar is often 

F f amor- 

140 
Common? 
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Gi'.cifs. 
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Earths and amorphous, and conftitutes moft frequently the gieateil 

cording to the fize, proportion, colour, and figure o^ 
their component parts. They are commonly very hard . 
Their fpecific gravity varies from 2.5388 to 2.9564. 

species 2. Shiftofe granite or gneifs. _ 
The flrudure of gneifs is always flaty, and this con- 

ftitutes its fpecific charafter. In gneifs, the proportion 
of quartz and felfpar is nearly equal: the propoition 
of mica is fmalleft. It is evidently fubjeft to the fame 
varieties with common granite. 

Genus II. Sienite. 
Mr Werner has given the name of femte to aggre- 

gates compofed of felfpar, hornblende, and quartz ; or 
of felfpar, hornblende, quartz, and mica. I heie aggre- 
gates were formerly confounded with quartz. 

Sienite is found both of a granular and flaty ftruc- 
ture : it might, therefore, like granite, be divided into 
two fpecies. In fienite the quartz is commonly in by 
far the fmalleft proportion. 

G. III. Gra- Genus III. grAnatine. 
jiatine. Mr Kir wan has applied the name granatine to the 

following aggregates. 

LOGY. 

142 
G II. Sie- 
nite. 

T4S 

Quartz, 
Felfpar, 
Shorl. 

Quartz, 
Felfpar, 
Jade. 

Quartz, 
Felfpar, 
Garnet. 

Quartz, 
Shorl, 

Hornblende. 

Quartz, 
Mica, 
Shorl. 

Quartz, 
Mica, 
Jade. 

Quartz, 
Mica, 

Garnet. 

Quartz, v 
Florhblende, 

Jade. 

Quartz, 
Hornblende, 

Garnet. 

Quartz, 
Shorl, 
Jade. 

Quartz, 
Shorl, 

Garnet. 

Felfpar, 
Mica, 
Shor 

Felfpar, 
Mica, 

Hornblende 

Quartz, 
Jade, 

Garnet. 

Quartz, 
Hornblende, 
Hornftone, 

Felfpar, 
Quartz, 

Serpentine. 

Felfpar, 
Quartz, 
Steatites. 

Mica, 
Shorl. 

Mica, 
Hornblende, 

Mica, 
Jade. 

Mica, 
Garnet. 

Hornblende, 
Jade. 

Hornblende, 
Garnet. 

Jade, 
Garnet. 

Steatites, 
Shorl. 

Clafs I, 
Aggragate? 

Some of thefe aggregates have received particular 
names. The aggregate of quart* and mica, when its 
ftrufture is flaty, is called by Werner JhJloJe mica : by 
the Swedes, it is denominated/^, whatever be its 
ftru&ure. , . . ,, , 

The aggregate of hornblende and mica is called 
grunflein, from the dark green colour which it ufually 
has. 

Genus V. granimte. niite> 

Under the name of granilite, Mr Kirwan comprehends 
all aggregates containing more than three ingredients. 
Of thefe the following are the moft remarkable. 

*45 
G.V. Gra- 

144 
G.lV.Gra- 
tiitell. 

One of thefe aggregates, namely, quart*, mica, gar- 
net, was called by Cronftedt morha or murkflen. 

Genus IV. granitell. 
Mr Kirwan gives the name of granitell to all aggre- 

gates compofed of any two of the following ingre- 
dients : quartz, felfpath, mica, fhorl, hornblende, jade, 
garnet, fteatites. The moft remarkable of thefe are : 

Quartz, 
Felfpar. 

Quartz, 
Mica. 

Quartz, 
Shorl. 

Quartz, I Quartz, 
Hornblende. Steatites. 

Quartz, 
Jade. 

Quartz, 
Garnet. 

Felfpar, 
Mica. 

Felfpar, 
Shorl. 

Felfpar, 
Hornblende. 

Felfpar, 
Jade. 

Felfpar, 
Garnet. 

Quartz, 
Felfpar, 

Mica, 
Shorl. 

Quartz, 
Felfpar, 

Mica, 
Steatites. 

Quartz, 
Mica, 
Shorl, 

Garnet. 

Quartz, 
Sulph. of barytes, 

Mica, 
Shorl. 

Quartz, 
Felfpar, 
Mica, 

Garnet. 

Quartz, 
Sulph. of barytes, 

Mica, 
Hornblende. 

146 
G. VI. 
Trap. 

147 
Common. 

Genus VI. trap (p). 
Finder this genus we clafs not only what has com- 

monly been called trap, but alfo wacken, and mullen, 
and kragftone of Kirwan. 

species 1. Common trap. 
This ftone is very common in Scotland, and is known 

by the name of ’whinjlone. Whole hills are formed of 
it ; and it occurs very frequently in large rounded de- 
tached fragments. Sometimes it aflumes the form of 
immenfe columns, and is then called bafalt. The Giants 
Caufeway in Ireland, the ifland of Staffa, and the fouth 
fide of Arthur’s Seat in Scotland, are well known in- 
ftances of this figure. 

Its texture is earthy or compadl. Its fra&ure un- 
even. Its luftre commonly o. Opaque. Hardnefs 8 
to 9. Not brittle. Sp. gr. from 2.78 to Z'°21 * * Kirwan. 
Colour black, with a (hade of grey, blue, or purple ; 
fometimes blackifli or reddifh brown ; in fome cafes 
greenifti grey. By expofure to the atmofphere, it often 
becomes invefted winh a brownifh rind. Before the 
blow-pipe, it melts per fe into a more or lefs black glafs. 

Trap confifts of fmall cryftals of hornblende, felfpar, 
olivine, &c. ufually fet in a ground compofed apparent- 
ly of clay and oxide of iron. A fpecimen, in the form 
of bafaltes, from Staffa, analyfed by Dr Kennedy of E- 
dinburgh, contained 48 filica, 

16 alumina, 
16 oxide of iron, 
9 lime, 
$ moifture, 
4 foda, 
1 muriatic acid. 

99 t f Edin. 
A Tranf, V. 

89. 
(?) Kirw. I. 231 and 431.—Faujas de St Fond. EJfai furVHifl. Nat. des Roches de Trap.—Phil. Franf. paffim. 

See alfo a very ingenious fet of experiments on the fufton of trap, by Sir James Hall in Franf. Edin. V. 43. 
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frrths and & fpeeimen from Saliflsury reek, near Edinburgh, 
Stones, contained, according to the anal yds of the fame gentle- 

46.0 hlica, 
19.0 alumina, 
17.0 oxide of iron, 
8.0 lime, 
4.0 moifture, 
3.5 foda, 
1.0 muriatic acid. 

Edin. 
ranf. v. 

148 
/acker. 

98.5 * 
Dr Kennedy conduced thefe analyfes with great in- 

genuity and judgment; and the difcovery in which they 
terminated, that trap contains foda, is certainly of im- 
portance, and may lead to valuable confequences both 
in a geological and mineralogical view. 

species 2. Wackenf. 
Kirwan, This ftone often forms confiderable parts of hills, and, 

like trap, is amorphous. Its texture is earthy. Its 
frafture ufually even. Luftre o. Opaque. Hardnefs 

Kirwan. 6 to 9. Sp. gr. from 2.535 to 2.893 t* Colour grey, 
with a {hade of green, black, red, brown. When ex- 
pofed to the atmofpbere, it withers and becomes more 
grey. 

It melts into a grey porous flag. 

A L O G Y. 
1. Hornftone porphyry, 
2. Pitchftone porphyry, 
3. Hornflate porphyry. 
4. Felfpar or petunfe por- 

phyry. 
5. Clay porphyry. 
6. Hornblende porphyry. 
7. Trap porphyry. 

8, 
9- 

10. 
11. 
12. 
I3- 
H- 

Wacken porphyry, 
Mullen porphyry. 
Krag porphyry. 
Argillitic porphyry. 
Potftone porphyry. 
Serpentine porphyry. 
Sandllone porphyry. 

227 
Aggregate- 

The aggregates belonging to this fedlion compofe 
molt of the mountains of the globe. In giving an ac- 
count of them, we have adhered implicitly to the ar- 
rangement moft generally received by mineralogifts. It 
mult be acknowledged, that this arrangement is by no 
means complete, and that fome of the genera are too 
vague to be of much ufe. The number of aggregates 
already difcovered is too great for giving to each a par- 
ticular name. Perhaps it would be better henceforth 
to adopt the method propofed by Mr Hauy, namely, 
to conilitute the genera from that ingredient which en- 
ters moft abundantly into the aggregate, and which 
forms as it were its bails, and to diftinguifn the fpecies 
according to the nature and proportion of the other 
ingredients. According to this plan, the aggregates 
hitherto difcovered have been divided by Hauy into the 
following genera : 

149 
iuUen. species 3. Mullen *. 
Kirzuan, This ftone is alfo found in confiderable mafles, and 
12S• fometiraes has a tendency to a columnar form like ba- 

falt. Texture earthy. Fradlure uneven, and fine fplin- 
tery. Luftre o, except from fome ftiining particles of 
bafaltine. Opaque. Hardnefs from 7 to 9. Sp. gr. 

„ from 2.6 to 2.738. Colour afti or bluifh grey ; forae- 
times mixed with ochre yellow, in confequence of the 
decompofition of the ftone. At 130° Wedgewood it 
melts into a black compact glafs. 

When mullen is expofed to the air, its furface be- 
comes covered with a greyifti w'hite rind fometimes 
{lightly ochry. 

.ragftone. 
Kirtv. i, ! 16. 

151 
C.Vll. 
orphyry. 

species 4. Kragftone *. 
This ftone, which, like the others, forms confiderable 

parts of rocks, was formed into a diftimft fpecies by 
Mr Kirwan. Its texture is earthy. It is exceedingly 
porous, and the pores are often filled with the cryftals 
of other minerals. Fra&ure uneven. Luftre o. O- 
paque. Hardnefs 5 to 7. Sp. gr. 2.314. Feels rough 
and harfti. Colour reddifli grey. Streak yellowilh 
grey. At 138° Wedgewood it melts into a reddifli 
brown porcelain mafs. 

Genus VII. porphyry. 

Any ftone which contains fcattered cryftals or grains 
of felfpar, vifible to the naked eye, is denominated a 
porphyry. Befides felfpar, porphyries generally con- 
tain fmall cryftals of quartz, hornblende, and mica. 
Thefe cryftals are ufually of a different colour from the 
ftone in which they are found, and they are ftuck in it 
as in a cement. It is evident from this definition, that 
the number of porphvries muft be great. Each fpe- 
cies receives its name from the ftone which forms its ba- 
fts. To deferibe them would be unneceffary. We 
'{hall only give a catalogue of the principal fpecies. 

1. Felfpathic rock. 
2. Quartzous rock. 
3. Micaceous rock. 
4. Chloritous rock. 
5. Serpentine rock. 
6. Trappean rock. 

7. Hornblendean rock. 
8. Petro filiceous rock. 
9. Garnetic rock. 

10. Calcareous rock. 
11. Argillaceous rock. 
12. Corneous rock. 

Sect. IV. Volcanic Aggregates. 

Aggregates formed by volcanoes may be reduced 
to the following genera. 

1. Lava. 
2. Tufa. 
3. Pumice. 
4. Allies. 

Genus I. lava. G. l/jLava. 
All fubftances which have iffued out of a volcano in 

a ftate of fufion are called lavas. They have been di- 
vided into three fpecies. 

species 1. Vitreous lava. Vitreous. 
Found in fmall pieces. 
Texture gloffy. Fra&ure conchoidal. Luftre 3. 

Tranlparency from 3 to 1. Hardnefs 9 to 10. Sp.gr. 
from 2 to 3. Colour blackiih, greenifti, or whitifh. 
Commonly fomewdiat porous. 

species 2. Cellular lava. Cellukf. 
This fpecies is full of cells. Surface rough and full 

of cavities. Texture earthy. Luftre o. Opaque. 
Hardnefs 7 to 9. Sp. gr. varies, but does not exceed 
2.8. Colour brown or greyifli black. Commonly fomc- 
what magnetic. 

*SS 
species 3. Compaft lava. Compact. 

This fpecies is the moft common of all j it runs into 
F f 2, the 
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tiblec. 

* Tranf. 
Edin. V. 
93- 
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the fecond by infenfible degrees •, and indeed is feldom 
found of any confiderable fize without fome pores. It 
bears in general a very ftrong refemblance to trap. 

A. fpecimen of the lava ot Catania in Sicily) analyfed 
by Dr Kennedy, contained 

51.0 filica, 
19.0 alumina, 
14.5 oxide of iron, 
9.5 lime, 
4.0 foda, 
1.0 muriatic acid. 

99'° * 
A fpecimen of the lava of Sta. Venere in Sicily he 

found to contain 5C,75 hhca, , 
ij'^o alumina, 
14.25 oxide of iron, 
10.00 lime, 
4.00 foda, 
1.00 muriatic acid. 

f Hid. 94. 97-5 t 
Thus we fee, that the refemblance between trap and 

lava holds not only in their external appearance, but al- 
fo in their component parts. 

LOGY. 
Genus II. puzzolana. 

Found in fmall pieces. Surface rough 
earthy and porous. 

Clafs HI. 
Combuf. 

tible. 

ij6 
Texture 

Frafture uneven. Luftre o. O- ^ 
paque. Ha'rdnefs 3. Very brittle. Sp. gr. from 2.57 g. II. PuZ. 
to 2.8. Colour brown or dark grey. Magnetic. Ea-zolana. 
fily melts into a black flag. , „ , 

When mixed with lime into a mortar, it pollelies the 
property of hardening even under water. This pro- 
perty it owes moft probably, as Mr Kirwan fuppofes, 
to the iron which it contains. The iron decompofes 
the water of the mortar, and by this means it. becomes 
too hard to be a&ed upon by water in a very flioit 
time. r57 

Genus III. pumice. G.UI.Pu^ 
This is a very light fubftance ejeded from volcanoes.1™6- 

It is porous. Hardnefs 3. Brittle. Sp. gr. below 1. 
Colour grey or brown. 

In fome varieties the luftre and tranfparency are o . 
in others, the luftre is glaffy, 2. Tranfparency from 1 

2. Xjg 
Genus IV. volcanic ashes. G IV.Vo* 

Thefe are analogous to the allies of common pit coal.canit ^ 
Loofe and fmooth, very light and fine. Slowly diffu- 
fible in water, and when wet fome what dudile. 

Class II. SALTS. 

UNDER this clafs we comprehend all the combina- 
tions of alkalies with acids which exift in the mi- 

neral kingdom. As they have been already defcribed 
iathe article Chemistry, Suppl. -we lhall here only 
give a lift of their names. 

Genus I. potass. 
Genera, Sp. I. Sulphat of potafs,. 

2. Nitrat of potafs. 

Genus II. soda. 
Sp. I. Carbonat of foda. 

2. Sulphat of foda. 
3. Muriat of foda. 
4. Borax. 

Genus III. ammonia. 
Sp. i. Sulphat of ammonia, 

2. Muriat of ammonia. 

Class III. COMBUSTIBLES. 

160 
Genera. 

161 
G.I. Sul- 
phur. 

I Fig. 34. 

$ Rome de 
Xtjle,i. 292 
Jdauy and 
Lefroy, 
“Jour, de 
Min. NQ 

Wix. 337. 

nPHE combuftible fubftances belonging to the mine- 
ral kingdom, excluding the metals, may be com- 

prehended under the following genera. 
1. Sulphur. 
2. Carbon. 
3. Bitumen. 
4. Coal. 
5. Amber. 

Genus I. sulphur, 
species 1. Native fulphur. 

This fubftance is found abundantly in many parts of 
the world, efpecially near Volcanoes, as Hecla, ^£tna, 
Vefuvius, the Lipari iflands, &c. It is either in the 
ftate of powder, or maffive, or cryftallized. The pri- 
mitive form of its cryftals is an odohedron, compofed 
of two four-iided pyramids, joined bale to bafe The 
fides of thefe pyramids are fcalene triangles, and fo in- 
clined that the plane where the bafes of the pyramids 
join in a rhomb, whofe long diagonal is to its ftiort as 

-.5 to 4 $• Sometimes the apices of the pyramids, to 
ufe the language of De Lifle, are truncated ; fome- 
times ihey are feparated from each other by a prifm j 

fometimes they are truncated near their bafes, and a 
low four-fided pyramid rifes from the truncature : this 
pyramid is alfo fometimes truncated near its apex Fi-1 Fig- 35- 
nally, one of the edges of the pyramids is fometimes 
truncated. For figures of thefe varieties and for the 
laws of their formation, we refer po Mr Lefroy *. * Jour.de 

Colour yellow, with a (hade of green ; fometimes 
reddifh (o^). Luftre greafy, 2. Tranfparency varies 
from o 104. Caufes double refraction f. Texture t 
compaCt. Hardnefs 4 to 5. Brittle.—For its other 
properties, we refer to Chemistry in this Suppl. 

Sometiines fulphur is mixed wnth different propor- 
tions of earths. Thefe combinations are hardly fuf- 
ceptible of accurate defeription. 

Sulphur combines alfo with metals. Thefe combi- 
nations fhall be deferibed in the fourth clafs. 

i6» 
Genus II. carbon. G. If* 

This genus comprehends all minerals compofed of Carbon, 
pure carbon, or of carbon combined with a little earth. 

SPECIES 1. Diamond. . 
This mineral, which was well known to the ancients, 

is 

(qj It then contains arfenic. 



tibles. 

Fig. 36. 

Fig- 37- 
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ineral 
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Ilafs III. MINER 
ombuf- is found in different parts of Alia, particularly in the 

kingdoms of Golconda and Vifapour ; it is found alfo 
in Brazil. 

It is always cryftallized ; but fometimes fo imper- 
fedtly, that at the firft light it might pafs for amor- 
phous. Its primitive form is a regular odfogon f ; but 
it more commonly affumes a fpheroidal form, and then 
has ufually 36 curvilinear triangular laces, lix of which 
are raifed upon each of the faces of the primitive o£to- 
gon Its integrant molecule, according to Hauy, is a 
regular tetrahedron.—For a more particular account of 
the cryftals of this mineral, we refer the reader to Air 
Rome de Lijle * and Air Hauy 'j*. 

Texture foliated. Lultre 4. Tranfparency from 2 
to 4. Caufes lingle refradfion. Hardnefs 20. Sp. 
gr. 3.5185 to 3-9310 J. Colour various; fometimes 

laay, ibid, limpid, fometimes red, orange, yellow, green, bine, and 
even blackilh. 

When rubebd it becomes politively eleftric, even 
before it has been cut by the lapidary, which is not 

Id. did. the cafe with any other gem ]|. 
Morveau, It is compofed of pure carbon J. 

species 2. Mineral charcoal. 
Kilkenny coal—Wales culm. 

This mineral has been found in Hungary, Italy, 
France, Ireland, and Wales. It occurs in ilratihed 
maffes, or in lumps nefted in clay. 

Colour black. Luftre 4, metallic. Opaque. Tex- 
ture foliated. Hardnefs 5 to 7. Sp. gr. 1.4 to 1.526, 
Often llains the fingers, Infoluble in acids. Defla- 
grates with nitre. Does not burn till wholly ignited, 
and then confumes flowly without emitting flame or 
fmoke. 

It confifts almoil entirely of charcoal, which, as Mor- 
veau has proved, is an oxide of carbon *. 

species 3. Anthracite (r). 
Anthracclite. 

This fubftance, as Dolomieu informs us, is found ex- 
clufively in the primitive mountains. It is always amor- 
phous. Colour black or brownifh black. Luitre 3 to 
4. Structure flaty. Fragments rhomboidal. Hard- 
nefs 6 to 7. Sp. gr. greater than that of coal. Often 
ftains the fingers. 

Burns precifely like thelaft fpecies, and leaves .40 of 
white afhes. According to Dolomieu, it is compofed 
of about 64.0 charcoal, 

32.5 filica, 
3.5 iron, 

fmr.ie 100.0 t 
bin. N° It is probable that the charcoal in the two laft fub- 
;ix-33*- ftances is in the fame (late in which it exifts in plum- 

bago, combined with oxygen, but not containing to 
Morveau, as charcoal does t. 

Genus III. bitumen. 
By bitumen we underftand, with mineralogiils io ge- 

neral, an oil, which is found in different parts of the 
earth, in various ftates of confiffence. Thefe diffe- 
rent Hates form diftindl fpecies ; in our arrangement of 
which we (hall be guided by the obfervations which Mr 
Hatchett has made in his valuable paper on bituminous 

^f£'fubftan«s*.   

Ibid. 

16S 
ithracite. 
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tibles. 

A L O G Y. 
species I. Naphtha. 

This fubftance is found fometimes on the furface of    
the water of fprings, and fometimes iffuing from certain 
ftrata. It is found in great abundance in Perfia. Naphtha. 

It is as fluid and tranfpareut as water. Colour white 
or yellowifti white. Smell ftrong, but not difagreeable. 
Sp. gr. when white, .708 * or .729 f; when yellowilh, * Mufchen. 
.8475 ^1. Feels greafy. Catches fire on the approach 
of flame, burns with a white flame, and leaves fcarce t *iou!~u<' 
any rehduum. •" 

Infoluble in alcohol. Does not freeze at o° Fahren- 
heit. When pure naphtha is expofed to the air, it be- 
comes yellow and then brown ; its confiftence is increa- 
fed, and it paffes into peer oleum *. * Hatchett. 

species 2. Petroleum. 
This fubftance is alfo found in Perfia, and likewife in ^etrokuin’ 

many countries in Europe, particularly Italy, France, 
Switzerland, Germany, Sweden, England, and Scot- 
land. 

Not fo fluid nor tranfparent as water. Colour yellow, 
either pale or with a (hade of red or green ; reddifh 
browm and reddifli black. Smell that of naphtha, but 
leis pleafant. Sp. gr. 8783 * When burned it yields* BriJ/bn, 
a foot, and leaves a imali quantity of coally refiduuna. 

By expofure to the air it becomes like tar, and is 
then called mineral tar -j*. f Hatchett, 

species 3. Mineral tar. 'l6(^ 
This fubftance is found in many parts of Afia, Arne-Mineral, 

rica, and Europe. It is vifcid, and of a black, brown-tar- 
ifh black, or reddifh colour. Smell fometimes ftrong,, 
but often faint. Sp.gr. 1.1. When burned, emits a 
difagreeable bituminous fmell. By expofure to the air 
it paffes into mineral pitch and maltha *, * Hatchett, 

ibid. 
species 4. Mineral pitch and maltha. 170 

This fubftance has a ftrong refemblance to common Mineral 
pitch. When the weather is warm it is foft, and has 
fome tenacity ; it is then called adhejive mineral pitch : 
when the weather is cold, it is brittle ; its hardnefs is 5 ; 
and its fradfure has a glafly luftre. In this ftate it is 
called maltha. Colour black, dark brown, or reddifh. 
Luftre o. Opaque. Sp. gr. from 1.45 to 2.07. Does 
not itain the fingers. On a white hot iron it flames with 
a ftrong fmell, and leaves a quantity of grey afhes. It 
it is to the prefence of the earths which compofe thefe 
afhes that the great fpecific gravity of this bitumen is 
to be afcribed. By farther induration, it paffes into 
afphalt. _ 171 

species 5. Afphalt. Afphalti 
This fubftance is found abundantly in many parts of 

Europe, Afia, and America, efpecially in the ifland of 
Trinidad. 

Colour black or brownifh black. Luftre greafy 2. 
Opaque. Frafture conchoidal, of a glafly luftre. Hard- 
nefs from 7 to 8. Very brittle. Sp. gr. 1,07 to 1.165 *• * Kirzvan, 
f eel fmooth, but not greafy. Does not ftain the fin- 
gers. Has little or no fmell, unlefs when rubbed or 
heated. When heated melts, fwells, and inflames ; and 
when pure, burns without leaving any afhes. 

species 6. Elaftic bitumen. 
Mineral caoutchouc. 

This fubftance was found about the year 1786 in thetum<:I:1, 

lead 

17a 
Elaftic bi- 

(r) This name was given by Hauy from a coal* 
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lead mine of Odin, near Caftktown, Derbyfhire. It was 
fxrlt mentioned by Mr De Born. _ . 

Colour yellowilh or reddiih brown, fometimes black- 
ifh brown. In its appearance it has a iirong resem- 
blance to caoutchouc or Indian rubber ; hence its name. 
Confiftency various : fometimes fo foft as to adhere to 
the fingers; fometimes nearly as hard as afphalt. When 
foft it fs elaftic ; when hard brittle. Sp. gr. 0.9053 to 

Infoluble in alcohol, ether, and oil of turpentine, but 
Soluble in oil of olives. Not affeaed by nitric acid. 
When diftilled, it yields a bituminous oil infoluble in 

Lamctte- alCohol ; the refiduum is carbonaceous f. 
,-ie, Jour. de ^here ]s a variety of this fubftance found in a rivulet 
/v^-.xxxu near the mJne of 0dinj which} wben fre{h cut, exaaiy 

refembles fine cork in colour and texture; but in a few 
days after being expofed to the air, becomes of a pale 
reddifh brown. This fubftance contains within it a nu- 
cleus of elaftic bitumen. It feems to be the elaftic bi- 

1 Hatchett, tumen altered in its texture by the water ^1. 
ibid. _ Ttr , ' 

j y (jr ENUS i V • COAL* 
G. IV. Coal. The fubftances belonging to this genus are compofed 

-of carbon, or rather charcoal, and bitumen. 

*74 
jet. 

* 'Srjfon. 

j Hatchett. 
1 Kirovan. 
§ Vauqudin 

1| Jour, de 
JVLxn. N° iv 
41. 

*75 
Cannel 
-eoah 

SPECIES I. Jet (s). 
This fubftance is found in France, Spain, Germany, 

Britain, and other countries. It is found in detached 
kidneyform mafles, of various fixes, from an inch to feven 
or eight feet in length. 

Colour full black. Luftre 3 to 4 ; internal glaffy. 
Opaque. Hardnefs 7 to 8. Not near fo brittle as 
afphalt. Texture ftriated. Fratlure conchoidal. Sp. 
gr. 1.259 *. It has no odour except when heated, and 
then it refembles the odour of afphaltum. Melts in a 
ftrong heat, burns with a greenifh flame, and leaves an 
earthy refiduum f. 

Becomes fomewhat ele&ric by fridlion When 
.diftilled yields a peculiar acid 9. 

This mineral is formed into buttons, beads, and other 
trinkets. The manufacture has bee'n almoft confined 
to France ||. 

species 2. Cannel coal. 
This mineral is found in Lancaftiire, and in diffe- 

rent parts of Scotland, where it is known by the name 
of parrot coal. 

Colour black. Luftre common, 2. Opaque. Struc- 
ture fometimes flaty. Texture compaft. Fra&ure con- 
choidal. Hardnefs 5 to 8. Brittle. Sp. gr. 1.232 to 
1.426. Does not ftain the fingers. 

Kindles eafily, and burns with a bright white flame 
like a candle (t), which lafts but a ftiort time. It does 
not cake. It leaves a ftony or footy refiduum. 

A fpecimen of Lancalhire cannel coal, analyfed by 
Mr Kirwan, contained 75.20 charcoal, 

21.68 maltha, 
3.10 alumina and filica. 

A L O G Y. Claftllf. 
A fpecimen of the flaty kind from Airfldre, called 

fplent coal, was compofed ot ^ j 
47.62 charcoal, 
32.52 maltha, 
20.00 earths. 

_ .... *lhid"^ 
Cannel coal is fufceptible of polifti, and, like jet, is 

often wrought into trinkets. 
- species 3. Common coal. # Cf.mmoa 

This -very ufeful combuftible is never found in the coal, 
primitive mountains, but only in the fecondary moun- 
tains, or in plains formed of the fame materials wuth 
them. It is always in ftrata, and generally alternates 
with clay, landftone, or limeftone. 

Colour black, more or lefs perfeft. Luftre ufually 
greafy or metallic, 2 to 4. Opaque. Strudture gene- 
rally flaty. Texture often foliated. Frafture various. 
Hardnefs 4 to 6. Sp. gr. 1.25 to 1.37. Ufually ftains 
the fingers. Takes fire more flowly, and burns longer, 
than the laft fpecies. Cakes more or lefs during com- 
buftion. 

Of this fpecies there are many varieties, diftinguifhed 
in Britain by the names of caking coal, rock coal, &c. 
Thefe are too well known to require any defcription. 

Mr Kirwan analyfed a variety of different kinds of 
coal: The refult of his experiments may be feen by 
the following table. 

^ Mineral. 
5*3- 

vf'hitehu- 
ven coal. 

57-° 
4I*3 

i-7 

100.0 

Wigan. 

61.73 
36.7 

i-57 

Swanfey. 

100.00 

73-53 
23.14 

3-33 

•Leeirem. 

7 M3 
23-37 
5.20 

100.00 I 100.00 

charcoal, 
maltha & afph, 
earthsf. f Mineral 

h 5*5- 

99-98f 
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species 4. Spurious coal. Spurious 

This mineral is generally found amidft ftrata of ge-coal. 
nuine coal. It is alfo called parrot-coal in Scotland. 

Colour greyifh black. Luftre o to 1. Strufture ufually 
flaty. Texture earthy. Hardnefs 7 to 8. Sp. gr. 1.5 to 
1.6. Generally explodes, and burfts when heated. 

Compofed of charcoal, maltha, and afphalt, and a- 
bove .20 of ftony matter. 1 178 

Genus V. amber. G.V. Am* 
species I. Common amber. ber. 

This fubftance, called eleElrum by the ancients, is 
found in different countries ; but moft abundantly in 
Pruflia, either on the fea-fhore, or under-ground at the 
depth of about 100 feet, repofing on ivood-coalX. ItM/Tf* 
is in lumps of different fixes. 66,”< ^ 

Colour yellow. Imflre 3 to 2. Tranfparency 2 to 4. 
Fra&ure conchoidal. Hardnefs 5 to 6. Sp. gr. 1.078 
to 1.085. Becomes eledlric by fridtion. 

If a piece of amber be fixed upon the point of a 
knife, and then kindled, it burns to the end without^ rr 
melting ,. . . ^ Hml' 

By diftillation it yields fuccihic acid. 

(s) It was ca\\^gagathes by the ancients, from the river Gages in Licia, near which it was found ; jayet in 
French, oxabache in Spanifh, gagath in German. 

(t) Hence it has been called cannel coal. Candle, in the Lancaftiire and Scotch dialedl, is pronounced 
cannel. 



MINERALOGY, :iafs IV. 

Class IV. METALLIC ORES. 

•2,52 
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THIS clafs comprehends all the mineral bodies, com- 
pofed either entirely of metals, or of which metals 

conflitute the moll confiderable and important part. 
It is from the minerals belonging to this clafs that all 
metals are extracted; for this reafon they have obtain- 
ed the name of ores. 

The metals hitherto difcovered amount to 21 ; we 
lhall therefore divide this clafs into 21 orders, allotting 
a diftindl order for the ores of every particular metal. 

Metals exill in ores in one or other of the four fol- 
lowing Hates : 1. In a metallic ftatej and either folitary 
or combined with each other. 2. Combined with ful- 
phur. 3. In the Hate of oxides. 4. Combined with 
acids. Each order therefore may be divided into the 
four following genera. 

1. Alloys, 
2. Sulphurets, 

3. Oxides, 
4. Salts. 

Order 
1. 

Order 
1. 
2. 
3- 
4- 

Order 
1. 

Order 
1. 
2. 
3* 
4. 

Order 
1. 
2. 
3- 
4- 

Order 
1. 
2. 
3- 
4- 
5- 
6. 

Order 
1. 
2. 

Order 
1. 
2. 

^ 3- 
Order 

1. 
2. 
3* 

I. Gold ores. 
Alloys. 
II. Silver ores. 
Alloys. 
Sulphurets. 
Oxides. 
Salts. 
III. Platinum ores. 
Alloys. 
IV. Ores of mercury. 
Alloys. 
Sulphurets. 
Oxides. 
Salts. 
V. Copper ores. 
Alloys. 
Sulphurets. 
Oxides. 
Salts. 
VI. Iron ores. 
Alloys. 
Sulphurets. 
Carburets. 
Silicated iron. 
Oxides. 
Salts. 
VII. Tin ores. 
Sulphurets. 
Oxides. 
VIII. Lead ores. 
Sulphurets. 
Oxides. 
Salts. 
IX. Zinc orei. 
Sulphurets. 
Oxides. 
Salts. 

Order X. Antimonial ores. 
1. Alloys. 
2. Sulphurets. 
3. Oxides. 
4. Salts. 

Order XI. Bifmuth ores. 
1. Alloys. 
2. Sulphurets. 
3. Oxides. 

Order XIL Arfenic ores. 
1. Alloys. 
2. Sulphurets. 
3. Oxides. 

Order XIII. Cobalt ores. 
1. Alloys. 
2. SulphuretSi 
3. Oxides. 
4. Salts. 

Order XIV. Nickel ores. 
1. Sulphurets. 
2. Oxides. 
3. Salts. 

OrderXV. Manganefeores. 
1. Oxides. 
2. Salts. 

OrderXVI. Tungsten ores. 
1. Oxides. 
2. Salts. 

Order XVII. Ores of mo- 
lybdenum. 

I. Sulphurets. 
Order XVIII. Ores of u- 

ranium. 
1. Oxides. 
2. Salts. 

Order XIX. Ores of tita- 
nium. 

I. Oxides. 
Order XX. Ores of tellu- 

rium. 
I. Alloys. 

Order XXL Ores of chra- 
mum. 

I. Oxides. 

It mud be obferved, however, that every metal has 
not hitherto been found in all thefe four Hates, and 
that fome of them are hardly fufceptible of them all. 
Some of the orders therefore want one or more genera, 
as may be feen from the following table. 

Order I. GOLD ORES. 
* . ... l8t 

No metal perhaps, if we except iron, is more widely Where 
fcattered through the mineral kingdom than gold *. foun<h 
Hitherto it has been found only in a metallic Hate ; * Eergman' - 
moH commonly in grains, ramifications, leaves, or rhom- 
boidal, odtahedral, or pyramidal cryfials. It is gene- 
rally mixed with quartz, though there are infiances of 
its having occurred in calcareous rocks. It is not un- 
common alfo to find it difleminated through the ores 
of other metals ; efpecially iron, mercury, copper, and 
zinc. The greatefi quantity of gold is found in tire 
warmer regions of the earth. It abounds in the fands 
of many African rivers, and is very common in South 
America and India. ,Europe, however, is not defiitute 
of this metal. Spain was famous in ancient times for 
its gold mines, and feveral of the rivers in France con- 
tain it in their fands f. But the principal gold mines f Rcmmuri 
in Europe are thofe of Hungary, and next to them thofe Mem. Par. 
of Salzburg. Gold alfo has been difcovered in ^we-1 
den and Norway, and more lately in the county of phu Tranf. 
Wicklow in Ireland f. 1796^.36. 

r , Mills. ibic(. Genus I. Alloys of gold. p 38,—Ni- 
species 1. Native gold. cbolfons^ 

Native gold is never completely pure ; it is alloyed 7ourn- “• 
with fome lilver or copper, and fometimes with iron. 12^'g2 
In the native gold found in Ireland, indeed, the quan-G.f. Native- 
tity of alloy appears to have been exceedingly fmail. gold. 

Its colour is yellow. Lufire metallic. Fra&ure 
hackly. Hardnefs 5. Sp. gr. from 12 to 9. 

Order II. SILVER ORES. 

Silver is found mofi commonly in quartz, limefione, where 
hornfione ; or combined with the ore§ of other metals, found, 
mofi commonly with copper, antimony, zinc, cobalt, 
and lead. This lafi metal indeed isLeldom totally def- 
titute of filver. 

184 
Genus I. Alloys of filver. G.I. Native- 
species I. Native filver Liver. 

Native filver, fo called becaufe the filver is nearly in 
a Hate of purity, forms the principal part of fome ofi;„„‘ 
the richefi filver mines in the world. It is fometime*/?^. SW- 
in fmail lumps ; fometimes cryfiallized in cubes, hexa-^’ ’738j 
hedrons, odlahedrons, or dodecahedrons ; fometimes in 
leaves, or threads, often fo connected with each other 
as to referable branches of trees, and therefore called 
dendrites. The filver in the famous mines of Potofi has 
this lafi form. When newly extracted, it is not unlike 
fmail branches of firf. f Bergman s 

The colour of native filver is white ; often tarnilhed. ^hJ'Geogr- 
Luftre metallic. Fratfiure hackly. Hardnefs 6. Mal-^^’^o 
leable. Sp. gr. from ic to 10.338. xvi p. 

The filver in this fpecies is almoft conftantly alloyed 
with from .03 to .05 of fome other metal, frequently 
gold or arfenic. 

SPECIES 
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SPECIES 2. Alloy of filver and gold. 
Auriferous nativefilver. 

This alloy is not uncommon in {liver mines. Its co- 
lour is yellowilh white. Its luitre metallic. Hardnefs 
5. Malleable. Sp. gr. above 10.6. Dr. Fordyce found 
a fpecimen from Norway composed ot 

y 2 fdver, 
28 gold. 

100 * 

species 3. Alloy of filver and antimony f. 
Antimoniatedfilver ore. 

This alloy, which is found in the filver mines of Spain 
and Germany, is fometimes in grains or lumps, and 
fometimes cryftallized in fix-fided prifms, whofe fides 
arc longitudinally channelled J. 

Its colour is white. Its luftre metallic. Hardnefs 
10. Brittle. Sp. gr. from 9.4406 § to jo.* Texture 
foliated. Fradure conchoidal. Before the blow-pipe 
the antimony evaporates in a grey fmoke, and leaves a 
brownifh flag> which tinges borax green. If borax be 
ufed at fir ft, a filver bead may be obtained. . _ 

This alloy was long fuppofed to contain, arfemc. 
Bergman examined it, and found only filver and anti- 
mony ■j' His analyfis has been confiimed by the ex- 
periments of Vauquelin and Selb J. According to 
Selb, it is compofed of 89 filver, 

n antimony. 

100 
A fpecimen analyfed by Klaproth, contained 

84 filver, 
16 antimony. 

100 
Another fpecimen contained 

76 filver, 
24 antimony. 

A L O G V. Clafs iV, 

species 2. Antimoniated filver ore 
Sulphuret of filver with antimony and iron. 

This ore, which occurs in Saxony and Hungary, xgg 
feeras to be fulphuret of filver contaminated with anti-Antimoni. 
mony and iron, and ought therefore, in all probability,*^^ 
to be confidered merely as a variety of the laft fpecies. * xirxvan, 
It is fometimes in maffes, but more frequently cryftalh-ii, Il8. 
zed in fix-fided prifms, tables, or rhomboids ; generally 
indiftiiidt and accumulated together. . 

Its colour is iron grey ; often tarnifhed. Its luftre 
metallic. Fradure uneven. Hardnefs 4 to 5. Brittle. 
Sp. gr. 7.208 t- Before the blow-pipe the fulphur f GeUeth 
and antimony exhale, leaving a bead, which may be 
freed from iron by*fulion with nitre and boiax. 

A fpecimen of this ore, analyfed by Klaproth, con- 
' tained 66.5 filver, 

12.0 fulphur, 
10.0 antimony, 

» 5.0 iron, 
• 1.0 filica, 

0.5 arfenic and copper. 

95.O X t Beitrage, 
i. 166. 

species 3. Sulphuret of filver and coppery jgp 
Cupriferous fulphuratedfiver ore. _ Sulphuret 

This ore, which is found in the Korbolokinfk 
tains in Siberia, was firft deferibed by Mr Renovantz. ^ 
It is in amorphous rtiaffes, varying in fize from that ofIJI| 
the thumb to that of the fill. 

Its colour is bluifh grey like lead. Luftre metallic. 
Hardnefs 5 to 6. Brittle. Its powder, when rubbed 
on the Ikin, gives it a black colour and a leaden glofs. 
Before the blow-pipe the fulphuret of filver melts readily'; 
that of copper with difficulty. This ore is compofed 
of about 42 hlver> 

21 copper, 
35 fulphur. 

100 % 

Genus II, sulphurets of-silver, 
species 1. Common fulphuret of filver*. 

Vitreous fiver ore. . 
v-uiiiHiou ^ This ore occurs in the filver mines of Germany and 
|jUl|P^uretot'Hungary. It is fometimes in maffes, fometimes in 
^Kirwat: threads, and fometimes cryftallized. Its cryftals are 

’ either cubes or regular oftohedrons, whofe angles and 
edges are often varioufly truncated. For a defeription 
of the varieties produced byr thefe truncatures, we refer 
the reader to Rome de Life ■f. 

Its colour is dark bluifb grey, inclining to black ; 
often tarnifhed. Internal luftre metallic. Texture fo- 
liated. Frafture uneven. Hardnefs 4 to 5. May be 
cut with a knife like lead. Flexible and malleable. 
Sp. gr. 6.909$ to 7.215 |! In a gentle heat the ful- 
phur evaporates. Melts when heated to rednefs. 

A fpecimen of this ore, analyfed by Klaproth, con- 
tained 85 filver, 

15 fulphur. 
xoo * 

$ Beitrdge, 
ii. 301. 

187 
G. II. Sul- 
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\ Cryjhl. 
iii. 441* 

X Brijfon. 
1| Gellert. 
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It 

193 
G. III. 
Oxides. 
Calciform 
{fiver 0 e. 
* Kirxvan, 

Genus III. oxides of silver, 
species 1. Calciform filver ore *. 

This ore wTas firft deferibed by Mr Widenman 
is fometimes in maffes, fometimes diffeminated thioughji. na. 
other minerals. 

Its colour is greyifh black. Its ftreak bright. Its 
luftre metallic. Its fra&ure uneven. Hardnefs 4 to 5. 
Brittle. Sp. gr. confiderable. Effervefces with acids. 
Melts ealily before the blow pipe. Froths with bo- 
rax. 

According to Selb, it contains 72.5 filver, 
15.5 copper, 
12.0 carbonic acid. 

100.0 

* Beitrdge, 
i. 162. 

species 2. Red filver ore (u). J91 

This ore is very common in feveral German filver Red vc 

mines. It occurs in maffes, diffeminated and cryftalli- 
zed. The primitive form of its cryftals is a dodecahe- . ^ 
dron t, whole fides are equal rhombs, and which may bef Fig13 

con- 

(u) Kir<w. II. 122.—Scopoli de Minera Argentic Rubra.-—Sage, four, de Phyf. XXXIV. 331. XLI. 
370 j and Nouv, Jour, de Phyf. II. 284.—Jour, de Phyf. XLIII. 291.—Klaproth, Beitrdge, I. 141* 
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IV. MINER 
confidered as a fix-nded rhomboidal prifm, terminated 
by three-iided fummits*. Sometimes the prifm is 
lengthened, and fometimes its edges, or thofe of the 
terminating fuminits, or both, are wanting. For a d^- 
fcription and figure of thefe varieties, we refer to De 
Lijle f and Hauy 

Its colour is commonly red. Streak red. External 
luftre metallic, internal common. Eranfpare 11 cy from 
3 to 1 ; fometimes opaque. Fradlure flat conchoidal. 
Flardnefs 5 to 7. ^ Brittle. Sp» gr. from 5.44 |[ to 
5*592 . Becomes eledfric by fridfion, but only when 
infulatedf. Soluble in nitric acid without effervef- 
cencej. Before the blow-pipe melts, blackens, burns 
with a blue flame, gives out a white fmoke with a flight 
garlic fmell, and leaves a iilver bead [j. 

Variety 1. Light red. 
Colour intermediate between blood and cochineal red ; 

fometimes variegated. Streak orange red. Powder 
i black. 

Variety 2. Dark red. 
Colour commonly between dark cochineal red and 

lead grey ; fometimes nearly black, and without any 
made of red. Streak dark crimfon red. 

This ore was long fuppofed to contain arfenic. Kla- 
* nn.de. proth firfl afcertained its real compofition * ; and his 
< *. xvm analyfis has been confirmed by Vauquelin, who found a 

fpecimen compofed of 56.6748 filver, 
16.1300 antimony, 
15.0666 fulphur, 
12.1286 oxygen. 

100. 
Klaproth proved, that the filver and antimony are in 

the ftate of oxides; and Vauquelin, that the fulphur 
is combined partly with the oxide of filver and partly 
with the oxide of antimony. Klaproth obtained a little 
fulphuric acid ; but this acid, as Vauquelin, with his 
ufual ingenuity, demonftrated, was formed during the 
analyfis. ° 

1 his ore fometimes contains a minute portion of ar- 
fenic, but never more than .02 f. 

A L O G Y. 
*33 pipe it inflantly melts, and gradually evaporates, but Mttallic 

may be reduced by adding an alkali. 
That this ore contains muriatic acid, has been long 

known.. Mr Woulfe firft fhewed that it contained alfo 
fulphuric acid * : and this difcovery has been confirmed* ^^* 
by Klapioth, according to whofe analyfis this ore is 
compofed of oxide of filver, 

6.00 oxide of iron, 
21.00 muriatic acid, 

.25 fulphuric acid, 
1.75 alumina. 

t)6.75 t Beitraget 
I he alumina can only be confidered as mixed with*"1^* 

the ore. Sometimes its quantity amounts to .67 of the 
whole f. | ibid. p. 

Order III. ORES OF PLATINUM (y). 

Hither ro no mine of platinum has been difcovered. Mine*? 
It is found in fmall fcales or grains on the fands of the 
river Pinto, and near Carthagena in South America. 
It is always in a metallic ftate, and always combined 
with iron. 

Genus I. alloys of platinum, 
species 1. Native platinum. 

Its colour is whitifh iron grey. Magnetic. Sp. gr. G.T. Alloys 
from 12 to 16. Soluble in nitro-muriatic and oxy-^at*ve pis** 
muriatic acids. tinum. 

f luquelin 
<' p. 8. 

Tv. 
iiltS. 

^ fat of 
r. 

\ itfn. 

Genus IV. SALTS OF SILVER. 
species r. Muriat of filver (x). 

CorneousJilver ore. 
This ore occurs at Johanngeorgenftadt in Saxony, in 

South America, &c. It is often amorphous, fometimes 
nearly in powder, and fometimes cryftallized in cubes 
or parallelepipeds. 

Its colours are various : when expofed to the light it 
becomes brown. Internal luftre greafy, 2 ; external, 2 
to 1. Acquires a glofs when feraped with a knife. 
Tranfparency 2 to 1. Texture foliated. Hardnefs 4 
to 5. Sp. gr. 4 74^ % to 4.804 ||. Before the blow- 

Suppl. Vol. II. Parti. 

Order IV. ORES OF MERCURY. 

Mercury is employed in medicine; it ferves to fe- 
parate filver and gold from their ores ; the filvering of 
looking-glaffes, gilding, &c. are performed by means of 
it ; and its fulphuret forms a beautiful paint. ... 195 

Mercury abounds in Europe, particularly in Spain, nC8' 
Germany, and Hungary ; it is found alfo in China (z), 
the Phillipines ||, and in Peru, and perhaps Chili (a) || Carreer, 
in South America. Phe moft produdlive mines of^°ya£e’ 
mercury are thofe of Idria * ; of Almaden, near Cordo- ' 
va in Spain, which were wrought by the Romans (b) ^Min^ 
of the Palatinate f ; and of Guanca Velica in Peru (c). xxxvi. p. 

Mercury has never been found in Britain, nor has 9*5- 
any mine worth working been difcovered in France. 30ur'dt 

It occurs moft commonly in argillaceous fhiftus, lime- .N<*. 
Hones, and fandftones. * > v,andvu. 

Genus I. alloys of mercury, 
species r. Native mercury. 

Native mercury is found in moft mercurial mines ; it G-1. Alloy* 
is in fmall globules, fcattered through different kinds 0f

Native 

ftones, clays, and ores. ni'>"'*'r' 
Fluid. Colour white. Sp. gr. about 13.6. 
  G g SPECIES 

mercury. 

(x) Kirw. II. 113. Laxman. Nov. Comm. Petropol. XIX. ifil.—Monnet, Mem. Scav. Etam. IX. '717 
(y) See Lrownrigg, Phil. Tranf. XLVI. 584.—Lewis, ibid. XLVUI. 638. and L. 148.—Marvraf Mem 

Berhn, 1757, p. 31 ^—Macquer, Mem. Par. 1758, p. n9.-Bufon, Jour, de Phyf. III. iM.-Morveau, ibid. 
VI. 193. Bergman, Opufc. II. 166.— Tdlet, Mem. Par. 1779, p. 373, and 385, and 54;.—CrelL Crell’s An. 
nals, 1784. i Band ^ Willis, Manchejler Memoirs, III. tfTMufJPufchkin, Ann. de Chim. XXIV. 
205.—Morveau, ibid. XXV. 3. 

(z) See Entrecolle’s Lettres Edijicantes. 
(a) See Molina's Natural Hi/lory of Chili. 
(b) See Bowie's Natural Hijlory of Spain, and Jour, de Min. N° xxxi. p. 555. 
\c) See Ulloa's Memoirs concerning America. 
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197 
Amalgam 
of filver. 

SPECIES 2. 
Native amalgam. • c 

TWa mineral has been found in the Giver mine of 
Sat IbereT in the province of Dalecarha, in Sweden , 
• i r- ’ r I'leux Fonts tj in the I alatinate , and 

. K.rmn, I" otheTplaces. It is in thin plates, or grams, or cry- 
- 'Halted Fn cubes, parallelepipeds, or Py^d - 

clttcthr“rrys;hgt.tgor,7-toLiTieng”ra
goid 

wte Before the blow-pipe the mercury evaporates 
an A^fpeclmen o^fthis amalgam, ana.yfed by Klaproth, 
contained 64 mercury, 

36 lilver. 

A V # 
Metallic 

Ores. 

ii. 2Z3 
4 Cronjledt' 
jy[in. 
4 Heycr, 
Crell's An 
mis, I??0' 

{ Beitriige, 
I.183. 

and 
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G. II. Sul- 
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t| Kirivan, 

' ii. 228. 

100$ r 1 1 

Sometimes it contains a mixture of alumina 
fometimes the proportion of mercury is fo great 
the amalgam is nearly as (oft as patte. 

Genus II. sulphurets of mercury, 
species i. Common fulphuret |J. 

Native cinnabar. 
This ore, which is found in almoft 

A I. O G Y. 
Genus IV. ^ERCURIAE SALTS, 
species i. Muriat of mercury*. 

Corneous mercury. _ t aoo 
This ore which occurs in the Palatinate, is fome-Mercurial 

times in feales, fometimes in grains, ^d/ometIl?e%7:SiS'iatof 
ftaUized. Its cryftals are either fmall four or fix fidedMuna^ 
prifms whofe fides are rhombs+, or cubes, or four-fided, ^ 
pyramids wanting their angles. They are always very* ai6 
fin all and generally confbfed. _ ^ 

Its colours are various; but it is moll fiequently ^ 
white. Its luftre, when white, is pearly. Sometimes 
opaque, and fometimes femitranfparent. Evaporates 
before the blow-pipe. . .. 

Mr Woulfe difeovered that this ore generally con- 
tains fome fulphuric acid J. Specimens have bf ” f°™d t »'• 
in which the quantity of fulphuric acid exceeds that ofW-1™ 
the muriatic §. § Suriow,- 

Order V. COPPER ORES. 

Many of the rooft ufeful utenfils are formed of cop- 
per : it enters largely into the compofition of brais. 

all mercurial 

’Rome de 
JLifle, iii. 
154 

mines, is fometimes in veins, fometimes diffeminated, 
fometimes in grains, and fometimes cryftallized. The 
form of its cryftals is a tetrahedron or three-fided py- 
ramid, moft commonly wanting the fummit; fometimes 
two of thefe pyramids are joined bale to bafe ; and 
fometimes there is a three-fided pnfm mterpofed be- 
tween them if t n 

Its colour is red. Its ftreak red and metallic. Luftre 
when cryftallized 2 to 3 ; when amorphous, often c. 
Tranfparency, when cryftallized, from 1 to 3 ^hen 

amorphous, often o. Texture generally foliated. Hard- 
nefs from 3 to 8. Sp. gr. from 5.419 to 10.1285. 

Before the blow-pipe evaporates with a blue tiame 
and fulpbureous fmell. Infoluble in nitric acid*. 

Variety 1 • Dark. red. 
Colour cochineal red. Hardnefs 6 to y* ^P* gr. 

when pure, 10.1285!; fometimes only 7.2, or even 
6-i88t. . ^ f , 

Variety 2. Bright red. 
Colour commonly fcarlet. Sp. gr. 6.9022 $ to 

5*4*9 il* 
Genus III. oxides of mercury. 

species 1. Hepatic mercurial ore _ 
This ore, which is the moft common in the mines of 

Idria, is always amorphous, and is often mixed with na- 
tive mercury and cinnabar. 

Its colour is fomewhat red. Its ftreak dark red and 
brighter. Luftre commonly metallic. Hardnefs from 
6 to 8. Sp. gr. from 9.2301 * to 7.186 f. When 
heated the mercury evaporates. 

Though this ore has never been accurately analyfed, 
chemifts have concluded that the mercury which it 
contains is in the ftate of a red oxide, becaufe it is in- 
foluble in nitric and foluble in muriatic acid %. When 
pureft, it contains about .77 of mercury §. It contains 
alfo fome fulphur and iron. 

Werner has divided this fpecies into two varieties, 
the compabl and the Jlaty. The fecond is often nothing 

\Kir-wan, inore bituminous (hale impregnated with oxide of 
ii6. mercury JJ. 

* Hauy, 
^four. de 
Min. N° 
xxxi. p. 
518. 
f Brijfon. 
J Mujchen- 
treeh. 
§ Brijfon. 
ti Gellert. 

bronze, and bell metal ; not to mention the dyes and 
paints of which it is the bafis. # aor 

Copper mines abound in moft countries. I hey are MineSi 
wrought in China, Japan, Sumatra ; the north of Atn- 
ca ; in Chili and Mexico ; and in moft parts of Europe; 
efpecially Britain, Germany, Ruffia, Hungary. 

Copper is found moft commonly in rocks ot horn- 
blende, ftiiftus, and quartz. ^ 

Genus I. alloys of copper, G.l. Alloy 
species 1. Native copper [I. Numecop 

Native copper occurs now and then in the greater 
number of copper mines : Sometimes it is in malies,^ I2?_ 
fometimes in plates and threads, which affume a variety Cartbeftr. 
of forms ; and fometimes, as in Siberia, it is cryftalhzed 
in cubes, or other forms nearly refembling cubes §. S Hauy, 

Colour commonly that of copper, but fometimes dark >»*.* - -• 1 1 • i x..: Fracture'' . 
xxxi. 309. 

* Kirvsi 
Min. ii. 
128. 
\ Hauy, il/ 
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brown. Luftre metallic. Streak brighter 
hackly. Flexible and malleable. Hardnefs 6 to 7 
Sp. gr. from 7.6* to 8.5844!. 

species 2. White copper ore j;. 
Alloy of capper, iron, and arfenic. 

This ore, which is laid to be uncommon, occurs mp. 309. 
mafles. Colour white. Luftre metallic. Fra&ure un-^,^3 ^ 
even. Hardnefs 8 to 9. Brittle. Sp. gr. confider- per ore. 
able. . . r • 

* Before the blow-pipe gives out a white arfemcalii. 
finoke, and melts into a greyilh black flag §. 

204 
Genus II. sulphurets of copper. q, q. S 

species 1. Common fulphuret of copper ||. phurets. 
Vitreous copper ore. 

This ore, which is found in Cornwall, Hungary, and 
Siberia, occurs in mafles, plates, threads, and cryfta popper, 
zed in flx-fided prifms, or four-fided pyramids, joiqed ^ ftr-wo 
bafe to bafe. I44‘ 

Colour bluilh grey. Streak brighter grey. Luftre 
metallic. Hardnefs 4 to 7. Sp. gr. 5.452 ^1 5*5^5 
fometimes fo low as 4.1 29 !• Detonates with nitre. ^ 

Before the blow-pipe it melts eafily ; and while the u- 
fion exhibits a green pearl, which, on cooling, is cove 
red with a brown cruft. Tinges borax green. 

Werner makes two varieties of this ore: the hrit lie calls 
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calls comfyaft, from Its fra&ure i and the fecond, for the 
fame reafon, he Calls foliated. This lall is fomewhat 
darker coloured than the firft, but in other refpe&s they 
agree. 

species 2. Copper pyrites *. 
Yello-w copper ore. 

This ore, which is probably nothing elfe than ful- 
phuret of iron combined with copper, and which, there- 
fore, would be more properly placed among iron ores, 
is found frequently in copper mines, and mixed with 
common pyrites or fulphuret of iron. It is fometimes 
amorphous, and fometimes cryftallized. Its cryftals are 
either three or four fided pyramids applied bafe to bale, 
or fix-lided plates. 

Its colour is yellow ; often tarnilhed. Its internal 
luftre metallic. Hardnefs 6 to 7; fometimes 9. Brittle. 
Sp. gr. 4.3 14 f to 4.08 %. Deflagrates ; but does not 

'Urvinn, detonate with nitre §. 
rd. Miiu Before the blow-pipe decrepitates, gives a greenifh 
141, fulphureous fmoke, and melts into a black mafs, which 

tinges borax green. Does not effervefce with nitric acid. 
ao6 
irplecop- species 3. Purple copper ore ||. 
r ore. This ore is found in mafles, or plates, or diflemina- 

ted ; fometimes, alfo, it is cryftallized in odlahedrons. 
Colour various, but moft commonly purple ; internally 
reddifti. Streak reddifh and bright. Luftre metallic. 
Hardnefs 6 to 7. Brittle. Sp. gn 4.936 to 4.983 f • 

Effervefces with nitric acid, and tinges it green. De- 
flagrates with nitre. Before the blow-pipe melts readi- 
ly, withour fmoke, vapour, or fmell ; but is not redu- 
ced. Tinges borax a bright green. 

A fpecimen of this ore, analyfed by Klaproth, con- 
tained 58 copper, 

18 iron, 
19 fulphur, 

5 oxygen. 

r ore. 
Kirzvan, 
I42. 

Hid. ii. 
3- 

Beit r fee 
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species 4. Grey copper ore 
This ore is found in Cornwall, Saxony, Hungary, 

&c. It is often amorphous, but often alfo cryftallized. 
The primitive form of its cryftals is the regular tetra- 
hedron ; but, in general, either the angles or the edges, 
or both, are truncated or bevelled §. 

Colour fteel grey ; often tarnifhed, and then dark 
grey. Streak dark grey ; fometimes reddifti brown. 
Powder blackifti; fometimes with a tint of red. Luftre 
metallic. Hardnefs 7 or Very brittle. Sp. gr. 
4.8648 ||. Deflagrates with nitre. Before the blow- 
pipe crackles, but at laft melts, efpecially if aflifted by 
borax. The bead gives a white fmoke, without any 
particular fmell; tinges borax yellow or brownifti red, 
but does not unite with it. 

A fpecimen of this ore from Cremnitz, analyfed by 
Klaproth, contained 31 copper, 

14 iilver, 
34 antimony, 

3 iron, 
^ 11 fulphur. 

93 

A L O G Y. 235 
Napion, in an ore from the valley of Lanzo, found 

copper, fdver, and antimony, nearly in the fame pro- y * 
portions, but more iron, and fome arfenic *. Savorefi, * Mem. lu- 
as Baron Born informs us, befides the ingredients oL;«,v.i73. 
Klaproth’s analyfts, found fome gold and mercury in 
grey copper ore '}■ : and Klaproth himfelf found lead in t Cat at, n. 
moft of the other foecimens which he examined. 1 ac8 

Genus III. oxides of copper. G. HI. 
species I. Red oxide of copper Oxides. 

Florid red copper ore—Red copper glafs. 
This ore is found in Cornwall, and many other coun. " 

tries. It occurs in mafles, difleminated, in kales, andji. 
cryftallized. The figure of its cryftals is moft commonly 
the o&ahedron 9. _ §Hauy> 

Colour commonly cochineal red. Streak brick red. •foR 
Luftre femimetallic. Tranfparency, when amorphous,xJg5l7> 
generally o ; when cryftallized, 3 or 4* Hardnefs from 
4 to 7. Soluble with eftervefcence in nitric acid. Be- 
fore the blow-pipe melts eafily, and is reduced. 

This ore was fuppofed to be compofed of carbonic 
acid and red oxide of copper ; but a fpecimen, exami- 
ned by Vauquelin, which confifted of pure cryftals, con- 
tained no acid ||. It mult therefore be coniidered as an || /jy, 
oxide of copper. 

Werner has made three varieties of this ore, which, 
from their texture, he has denominated compaii, foliated, 
Kn&fbrous. The firft is feldom or never found cryftal- 
lized, and is opaque ; the fecond occurs amorphous, 
cryftallized, and in kales ; the third is carmine, ruby, 
or karlet red ; and occurs always in ftiort capillary cry- 
ftals, or delicate flakes. 

This ore lometimes contains a mixture of red oxide 
of iron ; it is then c died brick red copper ore, copper 
malm, or copper ochre. 

This ore is fometimes mixed with bitumen. Its co- 
lour is then browniih black, and it is called pitch ore. 

species 3. Green oxide of copper*. GreSoxidc 
Green fund of Peru. 0f copper. 

This ore, which was brought from Peru by Dombey, * Kirwan, 
is a grafs green powder, mixed with grains of quartz.11* MS* 
When thrown on burning coals, it communicates a 
green colour to the flame. It is foluble both in nitric 
and muriatic acids without effervefcence. The folution 
is green. It was fuppofed to contain muriatic acid f \ Berthollet, 
but Vauquelin has difcovered that the appearance of Mem'. Par. 
this acid was owing to the prefence of fome common k86* 462. 
fait, which is accidently mixed with the fand %. j * 

^ tit- Min. N° Genus IV. salts of copper. xxxi. 319. 
species 1. Blue carbonat of copper (d). ^ 

Mountain blue—felzure de cuivre—Blue calx oj copper q. iy. Saifs. 
Kupfer la%ur. Blue carho- 

This ore, which occurs in the copper mines of Sibe-nat of cop- 
ria, Sweden, Germany, Hungary, Cornwal, &c. is ei-Po- 
ther amorphous or cryftallized. The cryftals are fmall, 
and difficult to examine. According to Rome de Lifle, 
their primitive form is an octahedron, the fides of which 
are ifofceles triangles, and two of them more inclined 
than the others^. Be that as it may, the cryftals of § Crv/fa/. iii, 
blue carbonat of copper are often rhomboidal prifms, 343* 
either regular, or terminated by dihedral fummits ||. y 

Its colour is azure or fmalt blue. Streak blue. Hard-345. 
G g 2 nefs 

(d) Kir cun. II. izy.—Morveau, Mem. Dijon, 1782. I Semejre, p. 100. 
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f Brijw, 

nefs 4 to 6. Brittle. Sp. gr. 3.608 J. It effervefces 
vvith nitric acid, and gives it a blue colour. Before the 
blow-pipe it blackens, but does not melt. Tinges bo- 
rax green with effervefcence. 

The cryftals, according to Pelletier, are compofed of 
- 66 to 70 copper, 

18 — 20 carbonic acid, 
8 — 10 oxygen, 
2 — 2 water. 

Fontana firfl. difcovered that this ore contained car- 
bonic acid gas. 

Variety 1. Earthy blue carbonat. 
Mountain blue. 

This variety generally contains a mixture of lime. It 
is never cryltallized ; and fometimes is almoib in the 
ftate of powder. Luftre o. Texture earthy. 

Variety 2. Striated blue carbonat of copper. 
Luftre glafly. Tranfparency, when cryftallized, 2 ; 

when amorphous, 1. Texture ftriated ; fometimes ap- 
proaching to the foliated. 

A L O G Y. Clafs IV, 
fometimes olive green. Luftre glaffy. Tranfparency Metallic 
from 4 to 2. Frafture conchoidal. Hardnefs 4 to 7. 0res. 
Before the blow-pipe deflagrates with an arfenical fmoke, 
and melts into a grey coloured bead. This bead, fufed 
with borax, leaves a button of pure copper ||. II Ktapntb’i 

Klaproth difcovered that it was compofed of oxide 0{(^bfer"Ja- r . r . . , * tionr on 
copper and arienic acid. . Carnival 

Sometimes this ore is combined with iron. It then p. 39. ' 
cryftallizes in cubes. Thefe cubes are of a dark green 
colour ; before the blow-pipe they frothe, give out an 
arfenical fmoke, and do not fo quickly form a grey bead 
as the arfeniat of copper *. *11119. 

Order VI. IRON ORES. 29. 
To deferibe the ufes of iron, would be to write the 

hiftory of every art and manufa&ure, fince there is not 
one which is not more or lefs dependent upon this ufe- 
ful metal. Nor is its abundance inferior to its utility. 
It exifts almoft everywhere, and feerps, as it were, the Mines.* 
bond which connects the mineral kingdom together. 

Genus I. alloys of iron. 2I5 
an 

Green car- 
bonat of 
copper. 

* BrIJon. 
| Kir •wan. 

* Beitrave, 
H. 390. 100 

Sulphat of 
copper. 

aT3 
Arfcniat of 
copper. 
% Kirwan, 
41- XJI. 

This fpecies is fometimes mixed with clay', chalk, 
and gypfum, in various proportions ; it is then known 
by the name of 

Common mountain green. 
Jts colour is verdigris green. Luftre o. Tranfpa- 

rency o to 1. Hardnefs 3 to 4. Brittle. Texture 
earthy. Effervefces feebly with acids. Before the blow- 
pipe it exhibits the fame phenomena with malachite. 

species 3. Sulphat of copper. 
For a defeription of this fait, fee Chemistry, n° 

648. in this Supplement. 

species 4, Arfeniat of copper 
Olive copper ore. 

This ore is found at Cararach in Cornwal. It is ge- 
nerally cryftallized in fix-fided compreffed prifms. Its 
colour is olive green. Streak fometimes draw coloured, 

species 2. Green carbonat of copper (e). 
Oxygenated carbonat of copper—Malachite. 

This ore is generally amorphous, but fometimes it is 
cryftallized in four-fided prifms, terminated by four- 
fided pyramids. 

Colour green. Luftre filky'. Hardnefs 5 to 7. 
Brittle. Sp. gr. 3.571 * to 3.653 J. Effervefces 
with nitric acid, and gives a blue colour to ammonia. 
Before the blow-pipe it decrepitates and blackens, but 
does not melt. Tinges borax yellowifh green. It is 
compofed of carbonic acid and green oxide of iron. 

Variety 1. Fibrous malachite. 
Texture fibrous. Opaque when amorphous; when 

cryftallized its tranfparency is 2. Colour generally 
grafs green. 

Variety 2. Compact malachite. 
Texture compaft. Opaque. Colour varies from the 

dark emerald green to blackifh green. 
A fpecimen of malachite from Siberia, analyfed by 

Klaproth, contained 58.0 copper, 
18.0 carbonic acid, 
12.5 oxygen, 
11.5 water. 

species i. Native iron (f). G. I. Alloys, 
Native iron has been found in Siberia and in Peru; Native 

iron. 
in immenfe maffes, which feemed as if they had been 
fufed. Thefe mafles evidently did not originate in the 
place where they were found. See FiRE-balls, Suppl. 

Colour bluifh white. Fra&ure hackly. Luftre me- 
tallic. Malleable. Magnetic. Hardnefs 8 to 9. Sp, 
gr. 7.8. Prouft has difcovered, that the native iron 
found in Peru is alloyed with nickel <f Nictolfm': 

G ENDS II SULPHURETS OF IRON. Jour.iii. 
species 1. Common fulphuret of iron *. 374* 

Pyrites. aid. 
This mineral occurs very frequently both in ores and0, •^•Sul- 

mixed with other bodies, for inftance in flates. It 
often amorphous, and often alfo cryttallized. The pri-fulphuret of 
mitive form of its cryftals is either a regular cube or an iron, 
odtohedron. The varieties of its form hitherto deferi-.* Mr-wan, 
bed amount to 30; for a defeription of which we re-^^/Tp 
fer the reader to Rome de Lifle f. riZolia. 

Its colour is yellow. Its luftre metallic. Hardnefs j- 
8 to 10. Brittle. Sp. gr. 3.44 toq.S. Soluble inifi'10^* 
nitric acid with effervefcence. Scarce foluble in ful- 
phuric acid. Before the blow-pipe burns with a blue 
flame and a fulphureous fmell, and leaves a browmfti 
bead, which tinges borax of a fmutty green. 

Variety 1. Common pyrites. 
Frafture uneven. Hardnefs 10. Decrepitates when 

heated. Emits a fulphureous fmell when rubbed. Not 
magnetic. It occurs often in coal mines and in flates. 

Variety 2. Striated Pyrites. 
Texture ftriated. Hardnefs 10. Not magnetic. 

Variety Capillary. 
Colour often fteel grey. Pound in needle-form cry- 

ftals. Uncommon. Not magnetic. 
Variety 4. Magnetic pyrites. 

Found in maffes. Texture compaA. Hardnefs 8, 
9. Slightly magnetic. Seems to contain lefs fulphur 
than the other varieties. 

In pyrites the proportion of the fulphur to the iron 
is variable; and this explains the variety of its cryftalline 
forms. 

Genu& 
(e) Kir*,. II. ISI.-Ji.teM, Jour, de Pb,f. XI. 509,—Klaproth, Beitrare, II. 287. 

ehSMci; Ce“LXvm- *<> * 
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Ge NU5 III. CARBURET OF IRON. 
species 1. Plumbago*. 

Graphite of Werner. 
This mineral is found in England, Germany, France, 

Spain, America, &c. It occurs in kidney-form lumps 
of various fizes. Its colour is dark iron grey or brown- 
i(h black ; when cut, bluifh grey. Luftre metallic, 
from 3 to 4. Opaque. Stru&ure flaty. Texture line 
grained. Hardnefs 4 to 5. Brittle. Sp. gr. from 
j.987 to 2.089; after being foaked in water 2.15; 
after being heated 2.3, and when heated after that 
2.4) f. Feds fomewhat greafy. Stains the fingers, and 
marks ftrongly. The ufe of this mineral when maim- 
fadfured into pencils is known to every perfon. 

Its compofition was difcovered by Scheele. When 
pure it contains 90 carbon, 

10 iron. 

100 
But it is often exceedingly impure : A fpecimen, for 

inftance, from the mine of Fluffier, in France, analyfed 
by Vauquelin, contained 23 carbon, 

2 iron, 
38 filica, 
37 alumina. 

'our. de 
n. N° 
p. 16. 
418. 
G. IV. 
iery. 
iirivsrty 
;93’ 

Irijfon, 

lip 
c.v. 
Oxides. 

lao 
ick oxide 
ron. 
iirivan, 
158. 

lome de 
iii. 

8. 
'kid. 
Hauy, 
tr. de 
in. N° 
xiii.6i59, 
(irwan's 
in. ii. 
9* 
iany, 
tr. de 
■n. N° 
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this fpecies belongs the magnet. Before the blow pipe Metallic 
it becomes browner, but does not melt. Tinges borax , 
dark green. 

When pure it confifts entirely of oxide of iron ; and 
this oxide appears to contain from .15 to .24 oxygen, 
and from .7610.85 iron $. Undoubtedly it confifts f 
of a mixture of iron in two different ftates of oxida- Min. ii. 
tion. It is often alfo mixed and contaminated with 
foreign ingredients. 

There are two varieties of this ore. The firft is 
what we have juft deferibed ; the fecond is in the form 
of fand, and has therefore been called 

Magnetic fand *. * Kirivan, 
This fubftance is found in Italy, Virginia, St. Do-h-— 

mingo, the Uaft Indies, and in the fand of the river Don^ 
at Aberdeen in Scotland. It. is black, very hard, mag xxi. p. 75 
netic. Sp. gr. about 4.6 Not altered by the blow- 
pipe per Je; melts into a black glafs with potafs, and 
into a green glafs with microcofmic fait, both opaque f. t Fourcroy, 
It probably contains- fome filica, as Kirwan has fup- de.' 
pofed J. Chim. ii. 

147. 
} Min. ii„ 
l6l. 

IOO % 

Genus IV. iron combined with silica, 
species 1. Emery*. 

This mineral is commonly difleminated through other 
foffils, but fometimes in the Eaft Indies it occurs in 
large maffes. 

Its colour is bluifh grey, greyifh brown, or bluifh 
black, often covered with a yellowifh rind ; internally 
it difeovers red or purple fpots. Luftre 1 or o ; in 
fome parts 2, and metallic. Opaque. Hardnefs 14. 
Brittle. Sp. gr. 3.92 f - Before the blow-pipe it 
blackens and gives a fmutty yellow tinge to borax. 

According to Wiegleb it contains 
95.6 filica, 

4.3 iron. 

99.9 

Genus V. Oxides of iron. 
This genus is very extenfive ; for iron is much more 

frequently found in the ftate of an oxide than in any 
other. 

species 1. Black oxide of iron J. 
Common magnetic iron ftone—Blackijh oSohedral iron ore. 
' This fpecies of ore is very common in Sweden ; it is 
found alfo in Switzerland, Norway, Ruffia, &c. It 
occurs in maffes, plates, grains, and cryftallized. The 
primitive form of its cryftals is a regular o&ohedron f. 
Sometimes two oppofite fides of the pyramids are tra- 
peziums, which renders the apex of the pyramids cunei- 
form. Sometimes the cryftals pafs into rhomboidal pa- 
rallelepipeds, and into dodecahedrons with rhomboidal 
faces $. 

Its furface is brownifh black; internally bluiffi grey. 
Powder black *. Streak blackifh grey, brighter. Luftre 
metallic. Hardnefs 9 to 10. Brittle. Sp. gr. from 
4.094 to 4.688 f. Attracted by the magnet, and ge- 
nerally poffeffed of more or lefs magnetic virtue J. To 

Sp. gr. 5.01 i6f to 5.218 J. Slightly + H 
; altered by the blow-pipe. Tineres t K^/Tnl pipe, i inges f Brijfon% 

species 2. Specular iron ore 
Fer oligijle. 

This ore is found abundantly in the ifie of Elba neargp£CUjar 
Tufcany. It is either in maffes or cryftallized. The iron ore. 
primitive form of its cryftals, and of its integrant mole- Kirov, ii. 
cules, is the cube *. The varieties hitherto obferved a- 
amount to 7. Thefe are the rhomboidal parallelepiped; 
the cube, with three triangular faces inftead of two of32. 
its angles diagonally oppofite; two fix-fided pyramids, ^ Hauy, 
applied bafe to bafe, wanting the fummits and iome- ^ 
times the angles at the bafts, and fometimes the alter- xx^- ^00 
nate edges of the pyramid ; a polyhedron of 24 fides, f fig. 35. * 
refembling a cube with three triangular faces for two 
angles diagonally oppofite, and two triangles for the 
reft of its angles. For a defeription and figure of thefe 
varieties, we refer to Rome de Lijle and Hauy J. (• Cryjl.iii. 

Colour fteel grey; often tarniihed, and beautifully 189I 
iridefeent, refiefting yellow, blue, red. Streak red. 1 660. 
Powder dark red. Luftre metallic. Hardnefs 9 to 
10. Not brittle, 
magnetic. Little 
borax an obfeure yellow. 

This ore, according to Mr Muffiet, is compofed of 
66.1 iron, 
21.2 oxygen, 
10.7 water and carbonic acid, 
2.0 lime. \ 

I 00.0 j p Vbilof 
The quantity of oxygen here ftated is probably too Mag. iii. 

fmall, owing to the unavoidable inaccuracy which re-3j4. 
fults from the dry way of analyfis which Mr Mufiiet 
followed. 

Micaceous iron ore 
Is generally confidered as a variety of this fpecies. 

Kirwan, however, fuppofes it to contain carbon, and 
to be a diftimft fpecies. 

It is found in Saxony, and in the ifle of Elba, &c. 
generally in amorphous maffes, compofed of thin fix- 
fided laminas. Colour iron grey. Streak bluiffi grey. 
Luftre metallic. Opaque. Feels greefy. Hardnefs 5 
to 7. Brittle, Sp. gr. from 4.5 to 5.07. Slightly 

magnetic.. 
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iron Ores, magnetic. Infufible by the blow-pipe. Tinges borax 
gceeniih brown. 

S’5ecies Laminated fpeculai non ore. 
Fer pyroceti of PI any. 

This ore, which is found at Montd’or in Auvergn, 
was ufually arranged under the laft fpecies ; but has 
been feparated from it, we think pmperly, by Mr Hauy, 
becaufe the form of its cryftals is incompatible with the 
fuppoiition that their primitive nucleus is a cube, as we 
have feen is the cafe with common fpecular iron ore. Its 
cryftals are thin oftagonal plates, bounded by lix linear 

# De Life, trapeziums, alternately inclined different ways *. 
iii. 1S8. Colour fteel grey. Powder reddifti black. Luftre 

metallic; fuvface poliftied. Fra&ure glaffy. Very 
brittle f. Hauy fuppofes that this ore has been pro- 
duced by lire, and accordingly has given it a name 
which denotes its origin. 

f Hauy, 
'Jou*. de 
Min. N° 
xxxi. 33. 

2ZT, 
Browh iron 
ore. 
| isT/yw.ii. 
i6j. 

species 4. Brown iron ore j. 
This fpecies of ore is found abundantly in Brkain, 

particularly in Cumberland and Lancaftiire ; and it is 
alfo very common in other counties. It confifts of the 
brown oxide of iron, more or lefs contaminated with 
other ingredients. 

Its colour is brown. Its ftreak reddiih brown, bp. 
gr. from 3.4771 3*95 ** Before the blow-pipe 
blackens, but does not melt. TingCs borax greeniih 
yellow. 

Variety t. Brown haematites. 
The name haematites (bloodftone) was probably ap- 

plied by the ancients only to thof« ores which are of a 
red colour, and have fome refemblance to clotted blood; 
but by the moderns it is applied to all the ores of iron 
which give a reddifti coloured powder, provided they 
be of a fibrous texture. 

Brown haematites occurs in maffes of various fiiapes, 
and it is faid alfo to have been found cryftallized in five 
or fix fided acute angled pyramids. Colour of the fur- 
face brown or black, fometimes iridefeent; internally 
nut brown. Powder red. Texture fibrous. Hardnefs 
8 to 10. Brittle. Sp. gr. 3.789 J to 3 951 1). Not 
magnetic. 

This variety has not been analyfed, but it feems to 
confift of brown oxide of iron, oxide of manganefe, and 

f Kirivan's alumina 
Min. li. Variety 2. Compact brown iron ftone. 

This variety occurs in maffes of very various and 
often fantaftieal fhapes. 

Colour brown. Internal luff re metallic. Texture 
compa&. Hardnefs 6 to 9. Brittle. Sp. gr. 3.4771 * 
to 3*5511* . „ r , . 

Variety 3. Brown fcaly iron ore. 
This variety is generally incumbent on other mine- 

rals. Colour brown. Luftre metallic. Stains the 
fingers, marks ftrongly. Feels untluous. Texture fo- 
liated. Hardnefs 3 to 5. Brittle. So light as often 
to float on water. 

Variety 4. Brown iron ochre. 
This variety occurs both maffive and diffeminated. 

Colour from nut brown to orange. Luftre o. Strongly 
ftains the fingers. Texture earthy. Hardnefs 3 to 4. 
When flightly heated reddens. 

A L O G Y. Glafs IV. 
to 5.005. Before the blow pipe blackens, but does Metallic 
not melt. Tinges borax yellowiih olive green. When ( 

0res- 
digeiled in ammonia, it becomes black and often mag- y~~ 
netic. 

Variety 1. Red haematites. 
Found in maffes, and all the variety of forms of fta- 

laftites. Colour between brown.ifti red and fteel grey. 
Powder red. Internal luftre metallic. Texture fibrous. 
Hardnefs 9 to 10. Brittle. Sp. gr. 4.74* to 5.005 f. * Gellert. 

When pure it confifts of red oxide of iron, but it of-f Kir-wan. 
ten contains manganeie and alumina b* \ Kirwant 

Variety 2. Compact red iron ore. Min. ii. 
Found maffive and ftalaftitic ; fometimes in cryftals16* 

of various forms, but they feem to be only fecondary ; 
fometimes in columns like bafalt. 

Colour between brown red and fteel grey. Stains 
the fingers. Luftre 1 to o ; often femimetallic. Tex- 
ture compaft. Hardnefs 7 to 9. Brittle. Sp. gr. 
3.423 to 3.76 §. Sometimes invefted with a rofy red§ Kirwm 
ochre. 

Variety 3. Red ochre. 
Found fometimes in powder, fometimes indurated. 

Colour blood red. Stains the fingers. Luftre o. Tex- 
ture earthy. Hardnefs 3 to 5. Brittle. 

Variety 4. Red fcaly iron ore. 
This variety is generally found incumbent upon other 

iron ores. Colour between cherry red and fteel grey. 
Stains the fingers. Luftre filky, inclining to metallic. 
Texture foliated. Feels un&uous. Hardnefs 3 to 4. 
Brittle. Heavy. 

§ GMert. 
|1 Mrnian 

164. 

Kir- 
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Red iron 
ore. 
f Kirov, ii. 

~168. 

species 5. Red iron ore J. 
Colour red. Streak blood red. Sp. gr. from 3.423 

species 6. Argillaceous iron ore jj. 
Oxid of iron combined or mixed with clay. 

41J 
Argiikce. 

     ous iron 
This ore is exceedingly common ; and though it con-or^ ,, 

tains lefs iron than the fpecies already deferibed, it is, jj 'rw,s' 
in this country at leaft, preferred to them, becaufe the 
method of extracting pure iron from it is eafier, or ra- 
ther becaufe it is better underftood. 

Colour moft commonly dark brown. Streak red or 
yellowifh brown. Sp. gr. from 2.673 to 3.471 *. Be-##^^ 
fore the blow-pipe blackens, and tinges borax olive 
green and blackifh. It is compofed of oxide of iron, 
alumina, lime, filica in various proportions. It gene- 
rally yields from 30 to per cent, of iron. 

Variety 1. Common argillaceous iron ore. 
The minerals arranged under this variety differ con- 

fiderably from each other in their external characters. 
They are found in maffes of various fhapes, and often 
form large ftrata. 

Colour various (hades of grey, brown, yellow, and 
red. Streak reddifti yellow or dark red. Luftre o. 
Hardaefs from 3 to 8. Smell earthy when breathed 
upon. 

Variety 2. Columnar or fcapiform iron ore. 
This variety is found in columns, adhering to each 

other, but eafily feparable : They are commonly incur- 
vated, and their furface is rough. Colour brownifh red. 
Streak dark red. Slightly ftains the fingers. Luftre 
o. Adheres ftrongly to the tongue. Sound hollow. 
Feel dry. Texture earthy. 

Variety 3. Acinofe iron ore. 
This variety is found in maffes, and is commonly len- 

ticular. Colour generally brownifh red. Luftre me- 
tallic, nearly. Texture granular. Hardnefs 5 to 9. 
Brittle. 

Variety 
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,>n Ores. Variety 4. Nodular, or k!dney-form iron ore. 
—V ' t JEtites or Eaglejlone. 

This variety, which was mentioned by the ancients, 
is generally found under the form of a rounded knob, 
more or lefs refembling a kidney, though fometimes it 
is quadrangular; and it contains within it a kernel, 
which is fometimes loofe, and fometimes adheres to the 
outlide rind. Colour of the Hone yellowifh brown ; of 
the kernel ochre yellow. Surface generally fouled with 
earth. Luftre of the rind metallic; of the kernel o. 
Hardnefs from 4 to 7. Brittle. 

Variety 5. Filiform or granular iron ore. 
This variety occurs in rounded maffes, from the fize 

of a pea to that of a nut. Surface rough. Colour com- 
monly dark brown. Streak yellowifh brown. Hardnefs 
5 to 6. Brittle. 

The oolitic ore found at Creufot, near mount Cenis, 
belongs to this variety. It is compofed of 

50 lime, 
30 iron, 
20 alumina. 

A L O G Y. 
It is found fometimes in amorphous mafles, and fome- 
times cryftallized. , 

Its colour is white ; but it becomes tarnifhed by ex- 
pofure to the air, and then affumes various colours. 
Streak grey or white. External luftre often metallic ; 
internal common or glaffy. Tranfparency 1 or 2 ; fome- 
times o. Texture foliated. Fragments rhomboidal. 
Hardnefs 5 to 7. Brittle. Sp. gr. 3.6 to 3.810. Not 
magnetic. Soluble in acids with very little eflervef- 
cence. Before the blow-pipe decrepitates, becomes 
brownifh black, and magnetic ; but is fcarcely fufible. 
Tinges borax fmutty yellow, with fome effervefcence. 

This ore, as Bergman afcertained, confifts of iron, 
manganefe, lime, and carbonic ^cid. 

One fpecimen, according to his analyfis, contained 
38 iron, 
24 manganefe, 
38 carbonat of lime. 

239 
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Ores. 

Lowland iron ore *. 

ore. 

IO© 
Another contained 
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lowland SPECIES 7. 
on ore. This fpecies of ore is fuppofed to confift of oxide of 
Kirui. ii. iron, mixed with clay and phofphuret or phofphat of 

79* iron. It is called lowland ore, becaufe it is found only 
in low grounds ; whereas the lait fpecies is more com- 
monly in high grounds ; and is therefore cally highland 
ore. 

This ore occurs in amorphous maffes, and alfo in 
grains or powder. Its colour is brown. Streak yellow- 
ifh brown. Luftre o, or common. Texture earthy. 
Hardnefs 3 to 5. 

Variety 1. Meadow lowland ore. 
Colour blackifh or yellowifh brown : Both colours 

often meet in the fame fpecimen. Found in lumps of 
various fizes, often perforated. Fra&ure compact. Mo- 
derately heavy. 

Frequently yields from 32 to 38 per cent, of iron. 
Variety 2. Swampy iron ore. 

This variety is generally found under water. It is 
in lumps, which are commonly perforated or corroded, 
and mixed with fand. Colour dark yellowifh brown, 
or dark nut brown. Hardnefs 3 to 4. Brittle. Sp. 
gr. 2.944. It often contains .36 of iron. 

Variety 3. Moraffy iron ore. 
This variety is found either in a loofe form or in per- 

forated lumps. Colour light yellowifh brown. Stains 
the fingers. Hardnefs 3. Friable. 

G.VI.Salts. Genus VI. salts of iron. 
Sparry iron species I. Sparry iron ore (g). 

This ore is common in Germany, France, and Spain. 

22 iron, 
28 manganefe, 
50 carbonat of lime. 

428 
Arfeniat of 

ICO 
Whether the iron be combined with the carbonic 

acid is Hill a difputed point. The cryftals of this ore 
are rhomboidal parallelepipeds ; which is precifely the 
form of carbonat of lime. This amounts nearly to a 
demonftration, that the carbonic acid is combined with 
the lime ; and that, as Cronftedt and Hauy have fup- 
pofed, this ore is merely carbonat of lime, contamina- 
ted with a quantity of the oxids of iron and manganefe. 

species 2. Arfeniat of iron; 
Mr Prouft has difeovered this ore in Spain. Its co- iron, 

lour is greenifli white. Its texture granular. Infoluble 
in water and nitric acid. When melted on charcoal, 
the arfenical acid efcapes with eftervefcence *. * Ann.Je 

011 ^ r - Chm. i. 1 or species 3. Sulphat of iron. ^ 
For a defeription of this fait, fee Chemistry, n° Sulphat of 

631. in this Suppl. iron* 

Order VII. TIN ORES (h). 

Tin is employed to cover plates of iron and copper, » 
and to filver the backs of looking glaffes : It enters in- 
to the compofition of pewter ; and forms a very im- 
portant article in dyeing. 

Tin ores are by no means fo common as the ores of 
the metals which we have already deferibed. 
are found only in the primitive mountains (1). Hence 
Werner fuppofes them to be the moft ancient of all me- 
tallic ores. They occur moft frequently in granite, 
fometimes in porphyry, but never in limeftone. 

Almoft: 

Th£7 MinS. 

(g) Kirnv. II. 190.—Bergman^ II. 184.—Bayen. Jour, de Phyf.VW. 213.— Razowmoiujki, Mem. Laufanne^ 
1783, p. 14Q. 

(h) Geojfroy, Mem. Par. 1738, p. 103. —Morveau, Ann. de Chim. XXIV. 127. 
(1) Geologifts have divided mountains into three clafles ; primitive, fecondary, and tertiary. The primitive oc- 

cupy the centre of all extenfive chains ; they are the higheft, the mofi: rugged, and exhibit the moft pointed tops. 
They are conftdered as the moft ancient mountains of the globe. 

The fecondary mountains occupy the outfide of extenfive ranges. They are ufually compofed of ftrata, more 
or lefs inclined, and commonly reft againft the fides of the primitive mountains.—The tertiary mountains are 
much fmafter than the others, and are often folitary. We ufe the terms primitive, feeondary, &c. merely as 

proper• 
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Tin Ore*. 

131 
G. I. Sul- 
phured. 
Sulphuret 
of tin and 
copper 
* Kiriv. ii. 

•j- Klaprtth'k 
Carnival, 
p. 11. 
f Klaproth. 

MINER 
Almoft the only tin mines known to Europeans are 

thofe of Cornwal, Devonfhire, Saxony, Bohemia, Sile- 
fia, Hungary, Gallicia ; thofe of the ifland of Banca 
and the peninfula of Malacca in India ; and thole of 
Chili and Mexico and America. 

Genus I. sulphurets of tin. 
species 1. Sulphuret of tin and copper *. 

Tin pyrites. 
Hitherto this ore has only been found in Corn- 

wal. There is a vein of it in that county, in the parilh 
of St Agnes, nine feet wide, and twenty yards beneath 
the furface •j'. 

Its colour is yellowilh grey, palling into the Heel grey. 
Not unlike grey copper ore. Luftre metallic. Hard- 
nefs 5 to 6. Very brittle. Sp. gr. 4.35 J. Before- 
the blow pipe it melts eafily, with a fulphureous fmell, 
into a black bead, and depofits a bluilh oxide on the 
charcoal. 

The compofition of this ore, as Klaproth informs us, 
was firll difeovered by Mr Rafpe, According to Kla- 
proth’s analylis, it is compofed of 

34 t"1* 
36 copper, 
25 fulphur, 

3 iron, 
2 earth. 

§ Id.5%. 

G. II. Ox- 
ides. Brown 
oxide of tin 
^ Kirtv. il. 
157. 

f 'Jour, de 
Min. N« 
xxxii. 576. 
\CryJlallog. 

iii. 413- 
|| Philof. 
Mag. iv. 
IJZ. 

§ Rome de 
Lijh) ibid. 

IOO § 
Genus II. oxides of tin„ 

species 1. Brown oxide of tin*. 
Tinjlone— IV00 chin. 

This ore, which may be coniidered as almoft the on- 
ly ore of tin, occurs in mafles, in rounded pieces, and 
cryftallized. Thefe cryftals are very irregular. Hauy 
fuppofes, that their primitive form is a cube -j- ; but Ro- 
me de Lille, with more probability, makes it an oftohe- 
dron J ; and in this opinion Mr Day agrees with him ||. 
The oftohedron is compofed of two four-lided pyra- 
mids, applied bafe to bafe. The lides of the pyramids 
are ifofceles triangles, the angle at the vertex of which 
is 70°, and each of the other angles 55°. The fides 
of the two pyramids are inclined to each other at an 
angle of 900 $. The primitive form, however, never 
occurs, but cryftals of tinftone are fometimes found, in 
which the two pyramids are feparated by a prifm. For 
a complete defeription of the varieties of the 'cryllals of 

A L O G Y. Oafs IV, 
tinllone, we refer the reader to Rome de Li/le and Mr Metalic 
Day *. , 0res- 

Its colour is commonly brown. Streak grey. Hard- * Plilor 
nefs 9 to 10. Sp. gr. 6.9 to 7.0. Brittle. MaS. Mjt 

Variety 1. Common tinftone. 
Colour dark brown ; fometims yellowilh grey, and 

fometimes nearly white. Streak light grey. Somewhat 
tranfparent when cryftalhzed. Hardnefs 10. Sp.gr. 
6.9 to 6.97. Before the blow-pipe it decrepitates, and 
on charcoal is partly reduced. Tinges borax white. 

According to Klaproth, it is compofed of 
77.50 tin, 
2 1.50 oxygen, 

.25 iron, 
.75 filica. 

100.00 f 
Variety 2. Woodtin. 

This variety has hitherto been found only in Corn- 
wal. It occurs always in fragments, which are general- 
ly rounded. Colour brown ; fometimes inclining to yel- 
low. Streak yellowilh grey. Opaque. Texture fibrous. 
Hardnefs 9. Sp. gr. 7.0. Before the blow-pipe be- 
comes brownilh red; decrepitates when red hot, but is 
not reduced. 

Klaproth obtained from it .63 of tin ; and, in all pro- 
bability, it is an oxide of tin nearly pure. 

Order VIII. ORES OF LEAD. 

The ufeful purpofes to which lead in its metallic 
ftate is applied, are too well known to requhe deferip- 
tion. Its oxides are employed in painting, in dyeing, 
and fometimes alfo in medicine. 

Ores of lead occur in great abundance in almoft every 
part of the world. They are generally in veins ; fome- 
times in filiceous rocks, fometimes in calcareous rocks. 

Genus I. sulphurets of lead, 
species 1. Galena, or pure fulphuret of lead J. 

This ore, which is very common, is found both in 
mafles and cryftallized. The primitive form of its cry- 
ftals is a cube. The moft common varieties are the cube, 
fometimes with its angles wanting, and the odfohedron, 
compofed of two four-lided pyramids applied bafe to 
bafe : The fummits of thefe pyramids are fometimes cu- 
neiform, and fometimes their folid angles are wanting ||. 

Its colour is commonly bluilh grey, like lead. Streak 
bluilh grey and metallic. Luftre metallic. Sometimes 

ftains 

f Beitragt) 
ii. ij6. 

*33 
G. f. Sul- 
phurets, 
Galena, or 
pure ful- 
phuret of 
lead, 
f Kiriv. ii. 
•216. 

|| Rome ds 
Liflc, iii. 
3<>4* 

proper names, without affirming or denying the truth or falfehood of the theory on which thefe names are found- 
ed. That the reader may have a more accurate idea of the compofition of thefe different dalles of mountains, 
we have fubjoined a lift of the fnbftances which, according to Werner, enter into the compofition of each. 

I. Primary Mountains. 
4. Argillaceous ftuftus, 7. Shiftofe porphyuy, 
5. Syenite, 8. Quartz, 
6. Porphyry, 9. Primitive limeftone, 

II. Secondary Mountains. 
1. Argillaceous fliiftus, 3. Secondary limeftone, 
2. Rubble ftone, 4. Shiftofe hornblende, 

III. Tertiary Mountains. 
Sandftone, 7. Chalk, 

1. Granite, 
2. Gneifs, 
3. Micaceous ftuftus, 

10. Serpentine, 
11. Topaz rock. 

5. Grunftein, 
6. Amygdaloid. 

1. Trap, 
2. Argillaceous Ihiftus, 
3. Stratified limeftone, 

5* Breccia, 
6. Coal, 

8. Sulphat of lime, 
9. Rock fait, 

10. Ferruginousday, 
xi. Potters earth. 
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(■rderVIU. MINER 
ftains the fingers, Testure foliated. Fragments cubi- 

j cal. Hardnefs 5 to 7 ; fometimes even 9. Brittle. 
Sp* gr; 6.884 7*786 EiFervefcea with nitric and 
muriatic acid«. Before the blow-pipe decrepitates, and 
melts with a fulphureous fmell; part finks into the 
charcoal. 

It is compofed of from .45 to .83 lead, and from .086 
to .16 of fulphur. It generally contains fome filver, 
and fometimes alfo antimony and zinc. 

Variety r. Common galena. 
This variety correfpouda nearly with the above de- 

fcription. Sp. gr. 7.051 to 7.786. Sometimes itains 
the fingers. 

Compaff galena. 
Found only in amorphous mafles. Texture compaft, 

inclining to foliated. Hardnefs 6 to 8. Sp. gr. 6.886 
to 7*444* Luftre common. Streak lead grey, brighter 
and metallic. Often feels greafy, and flams the fingers. 

species 2. Sulphuret oflead, with filver and antimony*. 
Plumbiferous antimoniatedfilver one. 

Found in amorphous mafTes. Colour grey.. Hard- 
nefs 5 to 6. Brittle. Sp. gr. from 5.2 to 8. 

Variety 1. Light grey filver ore. 
Colour light bluifh grey. Screak light bluilh grey, 

and brighter. Luftre metallic. Texture compad. Be- 
fore the blow-pipe partly evaporates, and leaves a filver 
bead on the charcoal, furrounded by yellow dull. 

According to Klaproth, it contains 
48.06 lead, 
20.40 filver, 

7.88 antimony, 
12.35 fulphur, 
2.25 iron, 
7*00 alumina, 

.25 filica. 

234 
'! phuret 

1 lead, 
■ b filver 
: I anti- 

1 ny. 
' Cirvi. li. 

1 ‘‘trigt, 
4 1. 

98.09! 
Variety 2. Dark grey filver ore. 

Colour iron grey, verging on black. Powder black, 
and flains the fingers. Luftre o, Texture earthy. 

According to Klaproth, it contains 
41.00 lead, 
21.50 antimony, 
29.25 filver, 
22.00 fulphur, 

1.75 iron, 
1.00 alumina, 
.75 filica. 

1 y. *75, 
l35 
: lead 

97-25 t 
species 3. Blue lead ore *. 

This ore, which is found in Siberia, Germany, and 
"■■w. ii. Hungary> afl(^ i3 very rare, occurs fometimes in maffes, 

and lometimes cryftallized in fix-fided prifins. 
Colour between indigo blue and lead grey; fometimes 

inclining to black. Internal luftre metallic. Streak 
brighter. Texture compad. Hardnefs 6. Sp. gr. 

llcrt. 5.461 f. Before the blow-pipe melts with a low blue 
flame and a fulphureous fmell, and is eafily reduced. 

kjea(j species 4. Black lead orej;. 
This ore, which is found in Germany and Brittanny, 

rw- Suppe. Vojl. II. Part L 
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Metallic 

Oi es. 

Brtjfin, 
Gellert, 

A L O G Y. 
and which is fuppofed t<» be common galena decayed, 
is fometimes in flaladitea of various forms, and fome- 
times cryftallized in fix-fided prifma, which are general- ^ 
ly truncated and confufed. 

Colour black, often with fome ftreaks of red. Streak 
light bluifh grey. Internal luftre metallic. Hardnefs 
5 to 6. Brittle. Sp. gr. from 5.744 [| to 5.77*. Be- !l 
fore the blow-pipe decrepitates, melts eafily, and is re- * 
duced, 
. According to the experiments of Laumont, this ore 
is a fulphuret of lead (or rather fulphuret of oxide of 
lead), mixed with fome phofphat oflead. 

species 5. Sulphuret of lead, bifmuth, and filver. Sulphuret 
This ore, which occurs in the valley of Schapbach in of lead, bif. 

Saxony, was firft taken notice of by Selb, and after- tnuth, and 
wards defcribed by Weidenmaun and Emu ling. filver. 

Its colour is light bluifh grey. Its luftre metallic 
Its fracture uneven. Hardnefs 5. Melts eafily before 
the blow pipe, emitting fome fmoke, and leaves a filver 
bead. 

A fpecimen, analyfed by Mr Klaproth, contained 
33.0 lead, 
27.0 bifmuth, 
15.0 filver, 
I 6.3 fulphur, 

4.3 iron, 
0.9 copper. 

96-5 t 
Genus II. oxides of lead. 

4 Bcitr'dpe. 
ii. 297; 

238 
species 1. Lead ochre G.II.Ox- 

This ore, which is a mixture of the oxide of lead idr* Leaci 

with various earths, is found maifive, and various de*+ ;; 
grees of hardnefs. \oS 

Its colour is either yellow, grey, or red. Luftre o. 
Tranfparency o to 1. Hardnefs 6 to 8 ; fometimes in 
powder. Sp. gr. from 4.165 to 5.545$. Texture $ 
compadt. Effervefces with nitric and muriatic acids. 
Eafily reduced by the blow-pipe, leaving a black flag, 
unlefs the lead be mixed with too great a proportion of 
earth. 

Genus III. SALTS OF LEAD. G^ll. 
species I. Carbonat of lead t>alts, 

White lead fpar. Carfaonat 
This ore of lead, which is very common, is fometimes ,5 

in mafles, and fometimes cryftallized. But the cryftal-503.,rW 1 

lization is in general fo confufed, that the primitive 
form of the cryttals has not yet been afcertained (k). 

Its colour is white. External luftre, waxy or filky, 
from 3 to 1 ; internal 1 to 2. Generally fomewhat 
tranfparent. Hardnefs 5 to 6. Brittle. Sp. gr. from 
5-349 ll *:o 6.92 $. Effervefces with nitric and muriatic II Kir man. 
acids when they are heated. Soluble in fat oils. Black-§ GeUert' 
ened by fulphuret of ammonia *. Decrepitates when AnfdT"* 
heated. Before the blow-pipe, in a filver fpoon, it be- Cbim. fx. 
comes red by the yellow cone of the flame, while the56. 
blue cone renders it yellow f. On charcoal it is imme-t 
diately reduced. tropp, Ann. 

It contains from .60 to .85 of lead, and from .18 totx^iSa. 
.24 of carbonic acid. It is generally contaminated with 
carbonat of lime and oxide of iron. 

H h SPECIES 

(k) See Hauy, Jour* de Alin* N° XXXI, 502. and Rome de Lijle, III. 380. 
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440 
Phofphat 
of lead. 
* Kirzv. ii. 
407. 

* BriJJbn. 
f Klaproth. 
} Fourcroy, 
Ann. de 
Chim. ii. 
407. 

species 2. Phofphat of lead *. 
This ore, which is found in Siberia, Scotland, Eng- 

land, Germany, Carinthia, Brittany, &c. is fometimes 
amorphous, and fometimes cryftallized. The primitive 
form of its cryftals, according to Rome de Ufle, is a 
dodecahedron, confiding of a fix-fided reftangular prifm, 
terminated by fix-fided pyramids, the fides of which are 
ifofceles triangles (l). Sometimes _the pyramids are 
truncated, and even altogether wanting. The cry dais 
of this ore are often acicular. 

Its colour is commonly green ; fometimes yellowilh 
or brownifh, or greyidi white. Streak commonly green- 
ilh white. Powder yellowifh. External ludre, waxy, 2 
to 3. Somewhat tranfparent, except when its colour is 
greyifli white. Hardnefs 3' to 6. Brittle. Sp. gr. 
from 5.86* to 6.27f. Infoluble in water and fulphu- 
ric acid, and nearly infoluble in nitric acid ; foluble in 
hot muriatic acid, with a flight effervefcence %. Before 
the blow-pipe it eafily melts on charcoal, and crydalli- 
zes on cooling : with foda the lead is in fome meafure 
reduced. 

The compofition of this ore was fird difcovered by 
Gahn. 

According to Fourcroy’s analyfis, a fpecimen from 
Erlenbach in Alface confids of 

96 phofphat of lead, 
2 phofphat of iron, 
2 water. 

MINERALOGY. ciafs IV. 
According to Fourcroy, from whom the whole of Metallic 

this defcription has been taken, it is compofed of , Q^£s,^| 
65 arfeniat of lead, 
27 phofphat of lead, 

5 phofphat of iron, 
3 water. 

_L—. * Ain.Jc 
j 00* Chim. ii, 43, 

443 
Molybdat 

IOO 
Or it contains 79 oxide of lead, 

1 oxide of iron, 
18 phofphoric acid, 

2 water. 

species 5. Molybdat of lead (m). 
This ore, which is found in Carinthia and at Lead-0f ^ea(j, 

hills in Scotland, was fird mentioned in 1781 by Mr 
Jacquin (n). It occurs either in maffes, or cryltallized 
in cubic, or rhomboidal, or o&ohedral plates. 

Its colour is yellow. Streak white. Ludre waxy. 
Generally fomewhat tranfparent. Texture foliated. 
Fra&ure concboidal. Hardnefs 5 to 6. Sp. gr. 5.486f Macquarh 
when purified from its gangue by nitric acid, 5.706 J. j Fauhctt, 

Soluble in fixed alkalies and in nitric acid. Commu- 
nicates a blue colour to hot fulphuric acid. Soluble in 
muriatic acid, and decompofed by it. Before the blow- 
pipe decrepitates, melts into a yellowifli grey' mafs, and 
globules of lead are reduced [|. || Macqwh 

Klaproth fird proved that this ore was molybdat of 
lead. 

A very pure fpecimen, analyfed by him, contained 
64.42 oxide of lead, 

• 34.25 molybdic acid, 
—Bsitt'dgt) 
98.67 f _ _ ii* 37S‘ 

According to the analyfis of Mr Hatchett, it is com- 
pofed of 58.40 oxide of lead, 

38.00 molybdic acid, 
2.to oxide of iron, 

.28 filica. 

1 Ibid. 

441 
Arfeniat 
of lead. 
5 Kiriv. ii. 
4O9. 

*■ Proufl, 
Jour, de 
Pbyf XXX. 
394* 

44a 
Phofphat 
and arfe- 
niat of 
lead. 
4 Kiriv. ii. 
410. 

1 Brifon. 

JOO^f 
species 3. Arfeniat of lead J. 

This ore, which has hitherto been found only in An- 
dalufia in Spain, and always in quartz or feldfpar, is in 
fmall maffes. Colour meadow green, often palling into 
wax yellow. Ludre waxy, 2. Tranfparency 2. Be- 
fore the blow-pipe it melts, and retains its colour, and 
does not crydallize on cooling. When heated to white- 
nefs, the arfenic acid efcapes, and the lead is reduced*. 

species 4. Phofphat and arfeniat of lead. 
Aeftnio phofphat of lead -)*• 

This ore, which has been found in Auvergne in 
France, is either in maffes, or crydallized in fmall fix- 
fided prifms, with curvilineal faces. 

Colour yellowifh green, or Ihews alternate layers of 
pale and light green. Powder yellowilh. The crydals 
are fomewhat tranfparent *, but when- maffive, this ore 
is opaque. Hardnefs 5 to 7. Brittle. Sp. gr. 6.8465 J. 
Soluble in hot muriatic acid, but not in nitric. When 
heated it decrepitates. Before the blow-pipe melts ea- 
fily, effervefces, emits a white fmoke, with an arfenical 
fmell. Some particles, of lead are reduced, a brown 
fluid remains, which crydallizes on cooling like phof- 
phat of lead. 

98.78* 
Macquart found a fpecimen to contain 

58.74 lead, 
4.76 oxygen, 

28.00 molybdic acid, 
4.50 carbonat of lime, 
4.00 filica. 

* Phil. 
Tranf. 
Ixxxvi. 3^3' 

4 Jour, de 
Min. N9 

xvii. 31- 
»44 

100.oof 
Its gangue is carbonat of lime. 

species 6. Sulphat of lead*. 
This ore, which is found in Anglefey and in Anda- guiphat*of 

lufia, is generally cryftallized. The cryftals are regu-iead. 
lar oftahedrons f, and very minute. * Kiryi* 

Colour white. Luftre 4. Tranfpareney 4. Before 
the blow-pipe it is immediately reduced. 7\Hauy, 

The compofition of this ore was firft afcertained bj jour.de 
Dr Withering. ikfi«.N9 

xxxi.joo* 

Order IX. ORES OF ZINC. 

Hitherto zinc has not been applied to a great va- 
riety of ufes. It enters into the compofition of brafs 
it is ufed in medicine ; and Morveau has (hewn that its 

oxide 

(l) Cryjlal. III. 391. See alfo Many's remarks on the fame fubjedl in the Jour, de Min. N°XXXI. 506. 
(m) Kirw. II. 212—Klaproth, Ann. de Chim. VIII. 103.—Hatchett, Phil. Tranf. 1796, p. 285. 
(n) In his Mifcellanea Aujlriaca, Vol. II. p. 139. 



Order IX. MINER 
Ores of oxide might be employed with advantage as a white 

paint. 
Ores of zjnc are very abundant ; they generally ac- 

company lead ores, particularly galena. Calamine, or 
oxide of zinc, has never been difcovered in the primitive 
mountains. 

Genus I. sulphurets of zinc, 
species i. Common fulphuret of zinc *. 

Blende. 
This ore very commonly accompanies fulphtiret of 

It occurs both in amorphous maffes and cryilal- 
The primitive form of its cryftals is a rhomboi- 

dal dodecahedron, confiding of a fix tided prifm, termi- 
nated by three-fided pyramids. All the faces of the 
cryftals are equal rhombs. This dodecahedron may be 
mechanically divided into four equal rhomboidal paral- 
lelepipeds, and each of thefe into fix tetrahedrons, whofe 
faces are equal ifofceles triangles. The figure of its in- 
tegrant particles is the tetrahedron, fimilar to thefe-j-. 

The principal varieties of its cryftals are the tetrahe- 
dron ; the odtohedron ; the oftohedron with its edges 
wanting|; a 24-fided cryftal, 1 2 of whofe faces are tra- 
pezoids, and 1 2 elongated triangles^; and, laftly, a 28- 

Zinc. 

345 
3 1. Sul- 
ihurets. 
Common 
ulphuret 
>f zinc. 
Is Kir™, ii. lead. 
138.—.Berg-. i;zed. 
i. 3*9. 

Hauy, 
Jour, de 
Min. N° 
ixxiiii. 669. 
Fig. 40. 

Tig. 40 

Md. and 
lome de 
.ijlc, iii. 
5- 
' Gillert. 
BriJJon. 

Hauy, rour. de 
Min. ibid. 

fided figure, which is the laft variety, augmented by four 
See Hctuy) equilateral triangles (.[. 

Colour yellow, brown, or black. Streak reddifli, 
brownifh, or grey. Luftre commonly metallic. Ge- 
nerally fomewhat tranfparent. Texture foliated. Hard- 
nefs 6 to 8. Sp. gr. 3.93 * to 4.i665f. Before the 
blow-pipe decrepitates, and gives out white flowers of 
zinc, but does not melt. Borax does not affeft it. 
When breathed upon, lofes its luftre, and recovers it 
very flowly J. 

Variety 1. Yellow blende. 
Colour commonly fulphur yellow, often palling into 

olive green or brownifh red. Powder pale yellow. 
Streak yellowilh or reddilh grey, not metallic. Luftre 
metallic. Tranfparency 2 to 4. Often phofphorefces 

. Bergman% 
when draped or rubbed 

. 345. According to Bergman, it is compofed of 
64 zinc, 
20 fulphur, 

5 iron, 
4 fluor acid, 
1 filica, 
6 water. 

m. 347. 100 fl 
Variety 2. Brown blende. 

Colour different lhades of brown. Surface often tar- 
nilhed. Powder brownilh grey. Streak reddilh or 
yellowilh grey, not metallic. Luftre commonly metal- 
lic. Tranfparency o to 2. 

A fpecimen of this variety, analyfed by Bergman, 
contained 44 zinc, 

17 fulphur, 
24 filrea, 

5 iron, 
5 alumina, 
5 water. 

Ibid. 333- I0°1I 
Variety Black blende. 

Colour black, or brownilh black; furface often tar- 

A L O G V. 
niftied blue ; tips of the cryftals often blood red. Pow- 
der brownilh black. Streak reddilh, brownilh, or grey. 
Luftre common or metallic. Tranfparency o to 1; the 
red parts 2. Hardnefs 8. 

A fpecimen of this variety, analyfed by Bergman, 
contained 52 zinc, 

26 fulphur, 
4 copper, 
8 iron, 
6 filica, 
4 water. 

100 ’ 
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Genus II. oxides of zinc, 
species i. White oxide of zinc-{-. 

Calamine. 

* Bergman, 
335- 

346 
G.ir. 

Oxides. 
White ox- 

This ore is either found loofe, or in maffts, or cry- 
ftallized. The primitive form of its cryftals appears, 133.—Berg. 
from the mechanical divifion of one of them by Mr“* 32i* 
Hauy, to be an odtohedron compofed of two four- 
fided pyramids, whole fides are equilateral triangles J. 
But the cryftals are minute, and their figure not very XXxii. 596. 
diftind.. They are either four or fix-fided tables with 
bevelled edges, fix-fided prifms, or three fided pyra- 
mids. 

Colour commonly white, grey, or yellow. Luftre 
often o, fometimes 2 or 1. Opaque. The cryftals are 
fomewhat tranfparent. Hardnefs from 4 to 9, fome- 
times in powder. Sp. gr. from 2.585 to 3.674 §. When ^ Ktr'wan• 
heated, becomes eledric, without fridion, like the tour- 
maline ||. Not blackened by fulphuret of ammonia. [I 
Soluble in fulphuric acid. Before the blow-pipe de-^T*-^ 
crepitates, and does not melt. 

This ore confifts of oxide of zinc more or lefs conta- 
minated with iron, filica, lime, and other foreign ingre- 
dients. In one fpecimen Bergman found the following 
ingredients: 84 oxide of zinc, » 

3 oxide of iron, 
12 filica, 

1 alumina. 

lOOfl 
In another fpecimen, which gelatinized with acids like 

zeolite, Klaproth found 66 oxide of zinc, 
33 tilica> 

99 
In another fpecimen, analyzed by Pelletier, the con- 

tents were 52 filica, 
36 oxide of zinc, 
12 water. 

^ Bergman, 
ii. 323* 

IOO 
Mr Kirwan has divided this fpecies into three varie-4aJ. 

ties. 
Variety 1. Friable calamine. 

In maffes which eafily crumble between the fingers. 
Luftre o. Opaque. Texture earthy. When its co- 
lour is white, it is pure oxide of zinc ; when yellow, it 
is mixed with oxide of iron. The white often becomes 
yellow when placed in a red heat, but refumes its colour 
on cooling. Common in China, where it is called wo- 
Aan or ore of Tutenago. 

.Hh 2 

* Jour, de 
FhyJ. XX. 

Variety 
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Ore« of Variety t. Compact calamine. 

Antimony. Colour different fhsdee of grey ; fometimes yellow 
' -or browniih red. Jjuffre o, Opacjue, i'exture com- 

padt. 
Variety 3. ‘Striated calamine. 

This variety alone is found cryftallized ; but, like 
the others, it is alfo often amorphous. Colour white, 
and alfo various fhades of grey, yellow, and red. Some, 
what tranfparent. Texture teiated. I,ulire 2 to 1. 

Genus III. sa^ts of zinc, 
species 1. Sulphat of zinc. 

Tor a defcription of this fah, we refer to Che- 
mistry, nc 643. Suppl. 

Order X. ORES OF ANTIMONY. 

Antimony is much ufed to give hardnefs to thofe 
metals which otherwife would be too foft for certain 
purpofes: printers types, for initance, are compofed of 
lead and antimony. It is ufed alfo in medicine. 

o res of antimony are found abundantly in Germany, 
Hungary, France, Spain, Britain, Sweden, Norway, 
fcc. They often accompany galena and haematites. 
They are found both in the fecondary and primitive 
ftratified mountains. Their gangue (o) is often quartz 
and fulphat of barytes. 

MINERALOGY. Clafs IV. 
I large propartien of quartz or other ftony Metallic 
When pure, it is compoied of about , J 

74 antimony, 
26 fulphur. 

contains a 
matter. 

148 
ft . I. Alloys 
Kative an- 
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Plumofe 
antimonial 

Genus I. alloys of antimony, 
species I. Native antimony *. 

.. This mineral, which was fir ft difcovered by Dr Swab, 

»4j,rW"n ^ias ^een ^oun^ *n Sweden and in France, both in maf- fes and kidney, fhaped lumps. Colour white, between 
that of tin and filver. Luftre metallic. Texture folia- 
ted. Hardnefs 6. Sp. gr. above 6. Deflagrates 
wTth nitre. Before the blow-pipe melts and evaporates, 
depcfiting a white oxide of antimony. 

It confifts of antimony, alloyed with 3 or 4 per cent. 
of arfenic. 

Genus II. su'lphur'ets of antimony, 
species 1. Grey ore of antimony *. 

This ore, which is the moft common, and indeed al- 
moft the only ore of antimony, occurs both maffive, 
diffeminated, and cryftalltzed. Its cryftals are four-fided 
prifms, fomewhat flattened, whofe fides are nearly rec- 
tangles, terminated by fhort four-ftded pyramids, whofe 
iides are trapeziums f. .Sometimes two of the edges are 
wanting, which renders the prifm fix-fided 

Colour grey. Luftre metallic. Streak grey, me- 
tallic, and brighter. Powder black or greyifh black. 
Hardnefs 6 to 7. Sp. gr. from 4.1327 to 4.516 $. 
Often ftains the fingers. Before the blow-pipe melts 
eafily, burns with a blue flame, and depoiits a white 
oxide on the charcoal. When placed in an open veffel, 
over a flow fire, the fulphur evaporates, and leaves a 
grey oxide of antimony. This oxide, if fufed with tar- 
par, is reduced. 

This ore, when taken out of the mine, almoft always 

Werner has divided this fpecies into three va. 
rieties. 

Variety 1. Compadl fulphuret. 
Colour bluifh grey, furface often tarnifhed, and then 

it is blue or purplifh. Luftre 1 to 2. Texture compaft, 
Fra&ure fine grained, uneven. Powder black, dull, 
and earthy. Slightly ftains the fingers. 

Variety 2. Foliated fulphuret. 
Colour light fteel grey. Luilre 3 to 4. Texture 

foliated. Powder as that of the lafl variety. 
Variety 3. Striated fulphuret. 

Colour dark fteel grey, and light bluiih grey, furface 
often tarniflied, and then it is dark blue or purplifh. 
Luftre 3 to 2. Texture flriated. Powder greyifh black. 
This variety alone has been hitherto found cryftal- 
lized. 

species 2. Plumofe antimonial ore-j-. 
Sulphurets of antimony and arfenic. 

This fpecies, which is fometimes found mixed with ^ jcirv>. ij, 
the cryftals of fulphurated antimony, is in the form of250. 
brittle, capillary, or lanuginous cryltals, often fo fmall 
that they cannot be diftindlly feen without a micro- 
fcope. 

Colour fteel or bluifh grey, often tarnifhed, and then 
brown or greyifh black. Luftre 1, lemimetallic. Be- 
fore the blow-pipe emits a fmoke, which depofits a 
whitifh and yellowifh powder on the charcoal: it then 
melts into a black flag. 

It is fuppofed to confiil of fulphur, antimony, arfe- 
nic, md iome iilver. 

species 3. Red antimonial ore f. Red anti- 
Hydrofulphuret of antimony. menial ore. 

This fpecies is generally found in cavities of fulphu- f Kirtu, ii* 
rated antimonial ore. It is cryftallized in delicate 
needles, often diverging from a common centre. 

Colour red. Luftre 2, iilky. Sp.gr. 4.7. Before 
the blow-pipe melts eafily, and evaporates with a ful* 
phureous fmell. 

This ore has not been analyfed. Mineralogifts have 
fuppofed it to be a natural kermes. If fo, we may con- 
clude, from the experiments of Berthollet*, that it 
a hydrofulphuret of antimony, and confequently com-***’ 
pofed of oxide of antimony, fulphur, and fulphurated 3 

hydrogen gas. ^ 

Genus III. oxides of antimony. 
There is a fubftance found incumbent on fulphuret 

of antimony, of a yellow colour, and an earthy appear- 
ance, which has been fuppofed an oxide of antimony, 
and denominated antimonial ochre. But hitherto it 
has not been analyfed. 

Genus 

(o) The word gang is ufed by German mineralogifts to denote a metallic vein. Now, it is not often that 
tbefe veins confift entirely of ore; in general, they contain ftony matter befides. For inftance, in the copper 
mine at Airthry, near Stirling, the copper ore is merely a narrow ftripe in the middle of the vein, and the reft of 
it is filled up with fulphat of barytes. We ufe the word gangue (as the French do), to denote, not the metallic 
vein, but the Jiony matter which accompanies the ore in the vein. The gangue of the copper ore at Airthry is 
fuiphat of barytes. 
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Genus IV. salts op antjmony. 
species i. Muriat of antimony*. 

This ore, which has been found in Bohemia, is fome- 
lV.5Saltfc times in quadrangular tables ; fometimes in acicular cry- 
ariatoi ttals grouped like zeolites; and fometimes in prifms. 
:iinony. Colour pale yellowiih or greyiih white. Luftre 3 to 
Kirw.W. nearly metallic. Tranfparency 2. Texture foliated^ 

Melts eafily by the flame of a candle, and emits a 
white vapourf. Before the blow-pipe decrepitates; 
when powdered, and juft ready to melt, it evaporates, 
and leaves a white powder around. Between two pie- 
ces of coal it is reducible to a metallic ftate. 

MINERALOGY. 
A fpeeimen, analyfed by Klaproth, contained 

93 bifmuth, 
5 fulphur. 

245- 
Metallic 

Ores. 

Ff.jay, 
ur. de 
in. N0 

xii. 609. 

Pctt, Ob. 
V. Cbym. 
H-Gecf- 

■)yy Mint, 
ir-1753, 

»J4 
, I. Al- 
ys. Na- 
ze bit'- 
uth. 
Kirw. ii. 
14. 

Briflon. 
Kirxuan. 

*55 
). II. Sul- 
huretf. 

j-ommon 
alpl.uret 
‘f bifmuth. f Kirw. ii. 
'bb,~-Sajre, 
VLem. Par. 
;-?82, 307. 

' Kiriuan. 
■ BriJJiin. 

* &»//»/, 
Jtnir.de 
Min. N° 
SiiujSy. 

Order XT. ORES OF BISMUTH *. 

Bismuth is employed in the manufacture of pewter, 
of printers types, in foldering; and perhaps alfo its pro- 
perty of rendering other metals more fufible, might 
make it ufeful in anatomical injections. The quantity 
confumed in commerce is not great. 

It has been found only in the primitive mountains, 
and is by no means common. ^When unaccompanied 
by any other metal, it does not form veins, but kidney- 
form malles. It often accompanies cobalt. Its gangue 
is commonly quartz. Its ores are not very abundant. 
They have been found chiefly in Sweden, Norway, 
Tranfylvania, Germany, France, and England. 

Genus I. alloys of bismuth, 
species 1. Native bifmuth *v 

This mineral, which is found at Schneeberg, Johan- 
georgenftadt, &c. in Germany, has commonly the form 
of fmall plates lying above one another. Sometimes it 
is cryftallized in four-fided tables, or indiftinft cubes. 

Colour white with a ihade of red ; iurface oiten tar- 
nifhed red, yellow, or purple. Luftre metallic, 3 to 2. 
Opaque. Texture foliated or ftriated. Hardneis 6. 
Sp. gr. 9.022 f to 9.57 j;. Exceedingly fufibie. Be- 
fore the blow-pipe gives a filvery white bead, and at 
laft evaporates in a yellowifti white fmoke, which is de- 
pofited on the charcoal. 

It is generally accompanied by cobalt, and fometimes 
contains arfenic. 

Genus II. sulphurets of bismuth, 
species 1. Common fulphuret of bifmuth *. 

This ore, which is found in Sweden, Saxony, 
Bohemia, occurs fometimes in amorphous maffes, 
fometimes in needleform cryftals. 

Colour commonly bluilh grey, fometimes white ; 
furface often tarnilhed yellow, red, and purple. Powder 
black and (hining. Luftre metallic, 2 to 3. Streak 
obfcurely metallic. Texture foliated. Hardnefs 5. 
Brittle. Sp. gr. 6.1 31 f to 6.4672 t- When held to 
the flame of a candle, it melts with a blue flame and 
fulphureous fmell. Before the blow.pipe emits a red- 
difh yellow fmoke, which adheres to the charcoal. This 
powder becomes v/hite when it cools, and relumes its 
former colour when the flame is dire&ed upon it *. 

This ore, according to Sage, contains 60 bifmuth. 
And, according to La Peroufe, it holds 36 fulphur. 

99 

and 
and 

ICO j" tBeitriiget 
It is commonly accompanied by quartz, albeftos, or i. 256. 

fparry iron ore. 4j6 

Genus III. oxides of bismuth. g. nr. 
species I. Yellow oxide of bifmuth| 

Bifmuth ochre. . oxide 
This ore generally accompanies the two fpecies al-bifmuth. 

ready defcribed. It is found in two ftates ; either ofj AjVw. ii, 
an earthy coirfiftence, or cryftallized in cubes or qua- a6j. 
drangular plates. 

Colour ufually greenifh yellow, fometimes grey. So- 
luble in nitrous acid without effervefcence, and may in 
a great meafure be precipitated by the •effufion ofi 
water. 

Order XII. ORES OF ARSENIC. 

Arsenic is ufed as an alloy for feveral other metals, 
efpecially copper. It is fometimes -employed to facili- 
tate the fufion of glafs, or to render it opaque, in order 
to form an enamel. Preparations of arienic are em- 
ployed as paints; and, like moft other violent poifons, 
it has been introduced into medicine. 

This metal is fcattered in great abundance over the 
mineral kingdom, accompanying almoft every other me- 
tal, and forming alfo fometimes peculiar veins of its own.. 
Of courfe it occurs in almoft every fpecies of moun- 
tain, and is accompanied by a variety of gangues. w 

Genus I. alloys of arsenic. SfeeSf 
species 1. Native arfenicj". feme. 

This mineral is found in different parts of Germany, j- Kirw. ih 
It occurs generally in maffes of various Ihapes, kidney- ij.-* 
form, boti-yoidal, &c. 

Colour that of fteel. Its furface quickly becomes tar- 
niflied by expofure to the air. Luftre metallic {wheti 
frefh), 2 to 3. Streak bluifh grey, metallic, and bright. 
Powder dull and black. Texture compaa. Hardnefs 
7 to 8. Brittle. Sp. gr. 5-671 to S.7249L ®ye8 
an arfenical fmell when liruck. Before the blow-pip^ ^ * 
emits a white fmoke, diffufes a garlic fmell, burns with 
a blue flame, gradually evaporates, depofitmg a white ^ ^ ^ 

^ It is always alloyed with fome iron $, and often con* ^3. 
tains filver, and fometimes gold. 194. 

Genus II. sulphurets of arsenic. ^ i^suL 
species 1. Orpiment (p). phurets. " 

Auripigmentum. _ Orpimenti- 
1'bis ore, which is found in Hungary, Walhcbia, 

Georgia, and Turkey in Afia, is either maffive or cry- 
ftallized. The cryftals are confufed, and their figure 
cannot be eafily determined; fome of them appear oc- 
tohedrons, and others minute four-fided prifms. 

Its colour is yellow. Streak orange yellow. Luftre 
waxy. 2 to 3. Tranfparoicy from o to 2. Texture^ 
foliated. Hardnefs 4 to 8. Sp. gr. from 3.048 * to 
3 521 f* Effervefces with hot nitric acid. Burns with 

(p) K'trvj. II. Tt’bo. Aiberti de Avripigmento—Scopoli in Anno 5/0 Hift. Natural*, p. 59. Berg. II. 297. 
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SPECIES I. 

species 2. Realgar*. 
This mineral is found in Sicily, about Mount Vefu- 

vius, in Hungary, Tranfylvania, and various parts of 
Germany. It is either maffive or cryftallized. The 
primitive form of the cryftals is, according to Rome 
de Lifle, a four-fided rhomboidal prifm, terminated by 
four-fided pyramids, the fides of which are rhombs f. 
It commonly appears in 4, 6, 8, 10, or 12 fided prilms, 
terminated by four Tided fummits J. 

Colour red. Streak yellowilh red. Powder fcarlet. 
Lutlre 3 to 2. Tranfparency from 2 to 3 ; fometime? 
o. Hardnefs 5 to 6. Sp. gr. 3-33^4?* an 

eleftric per fe, and becomes negatively eledlric by fric- 
tion ||, Nitric acid deprives it of its colour. Before 
the blow-pipe it melts ealily, burns with a blue flame 
and garlic fmell, and foon evaporates. 

Compofed of 20 fulphur, 
80 arfenic. 

100 

G ENUS III. OXIDES OE ARSENIC. 
species I. White oxide of arfenic *. 

Native calx of arfenic. 
This ore is found in various parts of Germany, Hun- 

gary, &c. either in powder, or maffive, or cryltallized 
in prifmatic needles. 

Colour white or grey, often with a tint of red, yel- 
low, green, or black. Luilre common, 1 to 2. Tranf- 
parency 1 to o ; when cryftallized, 2. Texture earthy. 
Hardnefs 6. Brittle. Sp. gr. 3.7 "I-. Soluble in hot 
diluted nitric acid without effervefcence. Soluble at 
6o<> Fahrenheit in 80 times its weight of water. Be- 
fore the blow-pipe fublimes, but does not inflame. Tin- 
ges borax yellow. 

Order XIII. COBALT ORES. 

Cobalt is employed to tinge glafs of a blue colour, 
and is ufeful in painting upon porcelain. 

Cobalt ores are found almoft exclufively in the ftra- 
tified mountains, except one fpecies, fulphuret of co- 
balt, which afl’efts the primitive mountains. They are 
not very abundant ; and for that reafon cobalt is more 
valuable than many of the other metals which have 
been already treated of. They are commonly accom- 
panied by nickel, bifmuth, or iron. They are moft 
abundant in Germany, Sweden, Norway, and Hungary ; 
they have been found alfo in Britain and France,* but 
not in any great quantity. 

Genus I. alloys of cobalt. 
Cobalt alloyed with arfenic •{•. 

Dull grey cobalt ore. 
This ore, which occurs in different parts of Germa- 

ny, is either amorphous or cryftallized. The forms of 
its cryftals are the cube ; fometimes the cube with its 
angles, or edges, or both wanting ; and the oftahe- 
dronj. 

A L O G Y.  Claft IV, 
Its colour, when frefh broken, is whltifh or bluiffi Metallic 

grey, fometimes with a fhade of red j when expofed to , 0res 

the air it foon becomes tarnifhed. Streak bluiih grey 'r~~J 

and metallic, Luftre fcarcely metallic, o to t. Tex- 
ture compact. Hardnefs 10. Difficultly frangible. Sp. 
gr. when amorphous, 5.309 to 5.571 $ 5 when cryllal-§ Kirw.H, 
lized 7.7207 +• When ftruck it gives out an arfenical *7o. 
fmell. Before the blow-pipe it gives out an arfenical 
vapour, becomes magnetic, and melts eafily, unlefs it 
contains a great quantity of iron. Tinges borax dark xxxii. j88, 
blue, and a fmall metallic bead is obtained. 

A fpecimen of this ore from Cornwall, examined by 
Mr Klaproth, contained 20 cobalt, 

24 iron, 
33 arfenic. 

77 
with fome bifmuth and ftony matter *. *KUproth'i 

Another fpecimen from Tunaberg, according to the Corrmtali, 
analyfis of the fame chemift, contained P'6l' 

55.5 arfenic, 
44.0 cobalt, 

.5 fulphur. 
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Genus II. sulphurets of cobalt, 
species 1. White cobalt ore^:. 

Sulphuret of cobalt, arfenic, and iron. 
The defcriptions which different mineralogifts havej^ 

f Beitrap, 
ii. 307. 

262 
G II. Sul- 
phu rets. 
Whire co- 

given of this ore are fo various, that it is impoffible not^*^”'. ‘^1 
to fuppofe that diftindt fubftances have been confound-o', 
ed together. Phy.-x.uii> 

It occurs either in maffes, or cryftallized in cubes,53- 
dodecahedrons, oftohedrons, and icofahedrons. 

Colour tin white, fometimes tarniflied reddifh or yel- 
lowifh. Powder ftetl grey. Luftre partly metallic, 
and from 2 to 4 ; partly o or 1. Texture foliated. 
Hardnefs 8 to 9. Sp. gr. from 6 284 f to 6,4509 J. f Kir-wan. 
Before the blow-pipe generally gives out an arfenical { Huuy. 
vapour, and does not melt. 

The analyfes that have been given of this ore are ve- 
ry various. Sometimes it has been found to contain 
no arfenic nor iron, and fometimes to contain both. A 
fpecimen from Tunaberg in Sweden, which ought to 
belong to this fpecies, was analyfed by TalTaert, and 
found to conftft of 49 arfenic, 

36.6 cobalt, 
5.6 iron, 
6.5 fulphur. 

•97.7 t \Ann.Je\ 
Klaproth found a fpecimen of the fame ore to con- Chm.xx^ 

tain 55.5 arfenic, 100, 

44.0 cobalt, 
0.5 fulphur. | Behr'dgc 

ii. 3°7’ 
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Genus III. oxides of cobalt, 
species 1. Black cobalt ore or ochre 

This ore, which occurs in different parts of Germa- 
ny, is either in the form of powder, or indurated. ochre. 

Colour black, often with a ffiade of blue, grey, browm, § Kir-w. i 
or green. Luftre o to 1. Streak brighter. Hardnefs275* 
(of the indurated) from 4 to 8. Sp. gr. 3 to 4. So- 
luble in muriatic acid. Tinges borax blue. 

species 
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MINERALOGY. 

sphcies 2. Brown cobalt ore *. 
Colour greyifh or dark leather brown. Streak bright- 

er, un&uous. Communicates a pale blue tinge in fu- 
fion. 

acids and by ammonia, 
the alkaline blue. 

The acid folution is green 
247 

Metallic 
Ores 

species 3. Yellow cobalt ore f. 
Colour yellow. Dull and earthy. Hardnefs 4 to 5. 

Texture earthy. Streak brighter, un&uous. Gives a 
How co- weak tinge, 
it ore. 
'tiJ. Genus IV. salts of cobalt. 

*66 species I. Arfeniat of cobalt 
Reel cobalt ore. 

rfeniat of This fpecies, like moft other ores of cobalt, has nei- 
balt. ther been accurately deferibed nor analyfed. 
Id. 278. |t ,*s foun(l ;n mafles of various (hapes, and cryilalli- 

zed in quadrangular tables or acicular prifms. 
Colour red. Luftre from 2 to 3, fometimes o. Tranf- 

parency o to 2. Hardnefs 5 to 7. Brittle. Before 
the blow-pipe becomes blackifli grey. Diffufes a weak 
arfenical fmell. Tinges borax blue. 

Order XIV. ORES OF NICKEL. 

Hitherto nickel has been found in too fmall quan- 
tities to be applied to any ufe ; of courfe there are, pro- 
perly fpeaking, no mines of nickel. It occurs only (as 
far as is yet known) in the fecondary mountains, and 
it commonly accompanies cobalt. It has been found in 
different parts of Germany, in Sweden, Siberia, Spain, 
France, and Britain. 

Genus I. sulphurets of nickel, 
species i. Sulphuret of nickel with arfenic and iron. 

Kupfer nickel*. 
This, which is the moft common ore of nickel, oc- 

curs either malTive of difleminated, but never cryftalli- 
zed. 

Colour often that of copper, fometimes yellowiih 
white or grey. Recent frafture often filver white. 
Luftre metallic, 2 to 3. Texture compadf. Hardnefs 
8. Sp. gr. 6.6086 to 6.6481 Soluble in nitric and 
nitro-muriatic acids. Solution green. Before the blow- 
pipe exhales an arfenical fmoke, and melts into a bead 
which darkens by expofure to the air. 

It is compofed of various proportions of nickel, ar- 
fenic, iron, cobalt, fulphur; often contains bifmuth, and 
fometimes filver and copper. 

Genus II. oxides of nickel, 
species 1. Nickel ochre *. 

This mineral occurs either in the form of a powder, 
or indurated, and then is either amorphous, or cryftalli- 
zed in acicular form cryftals. The powder is generally 
found on the furface of other nickel ores. 

Colour different fhades of green. Luftre 1 to o. 
Texture earthy. Sp. gr. confiderable. Slowly diffolves 
in :acids : folution green. Before the blow-pipe does 
not melt; but gives a yellowifh or reddifh brown tinge 
to borax. 

This ore often contains fulphat of nickel, which is 
foluble in water. The folution, when evaporated, gives 
oblong rhomboidal cryftals, from which alkalies preci- 
pitate a greyifh green oxide. This oxide is foluble by 
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Genus III. salts of nickel. G. III. 
species 1. Arfeniat of nickel t- Sal,s: . 

This ore, which was lately difeovered at Regendorff^™ ot 

by Mr Gmelin, is found in fhapelefs maffes, and is of-^ Kirivin-i 
ten mixed with plates of fulphat of barytes. . ii, aSj. 

Colour pale grey, here and there mixed with pale 
green. Streak white. Luftre o. Texture compaft. 
Hardnefs 7. Difficultly frangible. Sp. gr. conftder- 
able. Adheres (lightly to the tongue, and gives an 
earthy fmell when breathed on. Soluble in hot nitric 
and muriatic acids : folution green. 

Contains tome cobalt and alumina. 

Order XV. ORES OF MANGANESE (oj. 

Hitherto manganefe, in its metallic (late, has fcarce- 
ly been put to any ufe ; but under the form of an oxide 
it has become of great importance. The oxide of man- 
ganefe has the property of rendering colourlefs a varie- 
ty of bodies which injure the tranfparency of glafs ; and 
it has been long ufed in glafs manufactories for this pur- 
pofe under the name of glafs foap. By means of the fame 
oxide, oxy-muriatic acid is prepared, which has rendered 
manganefe of great importance in bleaching. Not to 
mention the utility of manganefe to the chemift, the 
property which it has of facilitating the oxidation of 
other metals, and of rendering iron more fufible—will 
probably make it, in no very remote period, of very 
confiderable importance in numerous manufadtories. 

Ores of manganefe occur often in ftrata, both in the 
primitive and fecondary mountains ; fcarcely ever, how- 
ever, we believe, in thole mountains which are eonlider- 
ed as the moft ancient of all. They are very common, 
having been found abundantly in Germany, France, 
Spain, Britain, Sweden, Norway, Siberia, and other 
countries. 170 

Genus I. oxides of manganese. G.l.Oxides. 
Hitherto manganefe has only been found in the (late 

of oxide. La Peroufe, indeed, fufpe&ed that he had 
found it in a metallic date : but probably there was 
fome miftake or other in his obfervations. ^ 

species r. Oxide of manganefe combined with barytes. Oxide of^ 
This fpecies, which exifts in great abundance in R°-comfined 

maneche near the river Soane in France, is found maf-wjth ba_ 
five, forming a ftratum in fome places more than I2ryte«. 
feet thick. 

Colour greyiih black or browniffi black, of great in- 
tenfity. Luftre, external, o ; internal, metallic, 1. 
Soon tarniffies by expofure to the air, and then becomes 
intenfely black. Texture granular. Fra&ure uneven ; 
fometimes conchoidal. Often porous. Hardnefs 11. 
Difficultly frangible. Sp. gr. from 3 950 to 4.10. Ab- 
forbs water. When taken out of water after a minute’s 
immerfion it has a ftrong argillaceous fmell. Condu&s 
elte&ricity nearly as well as if it were in a metallic date. 
Infufible by the blow-pipe. Tinges foda red ; the co- 
lour difappears before the blue cone of flame, aftd is re- 
produced by the a&ion of the yellow flame. 
^ Fron* 

(o ) Pott. Mifcelan. Berolens, VI. ^o.—Margraff, Mem. Berlin, i?73> P- 3*-^ Peroufe, Jour, de Phyjf 
XVI. 156. and XV. 67. and XXVIII. 68.—Mem. Par. 1785, 235. 



M I N E R A L 248 . 
Ore* of From the analyfis of Vauquelin, it appears that it is 

Maaganefe.c0nipO{'ed of 50.0 white oxide of tnanganefe, 
' ^ ' 33*7 oxygen, 

14.7 barytes, 
j.2 filica, 
.4 charcoal. 

roo.o f 

species 2. Grey ore of manganefe *. 
This ore occurs both maffive and diffeminated : it is 

• alfo fometimes cryftallized in ilender four-fided prifms 

f DolomieUf 
Jour, de 
Min. N° 
six. 41. 

474 
Grey ore of ‘ ir manganefe, or needles.  . 
* Kir-wan, Colour ufually dulky fteel grey ; fometimes whitiih 
ii. 291. grey, or reddilh grey. Streak and powder black. Ex- 

ternal luftre 3 to 2 ; internal metallic, 2 to 1. Texture 
ftriated or foliated. Harduefs 4 to 5. Brittle. Sp. 

. r. .. gr. from 4.073 f to 4.8165 Before the blow-pipe 
i Br’ijfon. m‘ darkens. Tinges borax reddifh brown. 

A fpecimen of oxide of manganefe from the moun- 
tains of Vofges, which probably belonged to this fpecies, 
and which was analyfed by Vauquelin, was compofed 
of -82 oxide of manganefe, 

7 carbonat of lime, 
6 filica, 
5 water. 

•Sj ’7cur. de 
Min. N J 
xvii. 13. 

273 
Black or 
brown ore 
of manga- 
nefe. 
* Kir-wan, 

1°° § 
Sometimes it contains a little barytes and iron. 

species 3. Black or brown ore of manganefe *. 
This ore is found fometimes in the ftate of powder, 

and fometimes indurated in amorphous maffes of vari- 
ous figures. Colour either black, fometimes with a 
fhade of blue or brown ; or reddifh brown. Streak of 

Metallic 
Ores. 

O G Y. Oafs IV. 
species 2. R<k1 ore of raangiroef&t. 

Carbonat of manganefe and iron,   
Tin's i'jK’cie-s has been found in Piedmont and in the ' 

Pyrenees. It is fometimes in powder, fometimes maf-Rc4oreof 
five, fometimes cryttallized in rhomboidal prifms or manpanefe. 
needles. _ 

Colour pale rofy red, mixed with white. Powder 
nearly white. Luftre o. Tranfparency r. Hardnefs mL. 7u. 
8. Sp. gr. 3.233. Effervefces with nitric and muria- rin, iv.303, 
tic acids. When heated to rednefs becomes reddifh 
brown. Tinges borax red. 

A fpecimen, analyfed by Ruprecht, contained 
55.0 filica, 
25.0 oxide of manganefe, 

7.0 oxide of iron, 
1.5 alumina. 

§ Jour dt 
Pbyf. xui. 
aa. 

G. T. Oxides; 
■Wolfram. 

™ d the harder forts metallic ; of the others, black. Luftre 
Pbil.Tranf. o to I ; internal (when it is indurated), metallic. Tex- 
Ixxiii.284. ture compaiR. HardneCs 5 to 7. Sp.gr. 3.707610 

3.9039 ; that of the powdery fometimes only 2. Be- 
fore the blow-pipe it exhibits the fame phenomena as 
the laft fpecies. 

A fpecimen of this ore, analyfed by Weftrum, con- 
tained 45.00 manganefe, 

14.00 oxide of iron, 
a 1.00 filica, 

7.25 alumina, 
2.00 lime, 
1.50 oxide of copper, 

j 8.00 air and water. 

98-75 

G ll*Sa!ts Genus II. salts of manganese. 
Carbonat species I. Carbonat of manganefe f. 
of manga- White ore of manganefe. 

This fp ecies occurs in Sweden, Norway, and Tranf- 
u. 'i<ri>an' {VIvam’a- ^ either in the form of loofe feales, or maffive, or cryftallized in needles. 

Colour white, or reddifh white. Texture either ra- 
diated or fealy. Luftre of the fcaly 2. Tranfparency 
1 to 2. Hardnefs of the maflive 6 to 9. Sp. gr. 2.794. 
Effervefces with mineral acids. Heated to rednefs, 
blackens. Tinges borax violet. 

98-5 $ 

Order XVI. ORES OF TUNGSTEN. 

As no eafy method has hitherto been difeovered of 
reducing tungften to a metallic ftate, we need not be 
furprifed that it has been applied to no ufe. Ores of 
tungften are by no means common. They have hither- 
to been found only in the primitive mountains. Their 
gangue is commonly quartz. They very often accom- 
pany tin ores. 

Genus I. oxides of tungsten, 
species 1. Wolfram (r). 

Oxides of tungsten, iron, and manganefe— Tungstat of iron 
and manganefe. 

This fpecies is found in different parts of Germany, 
in Sweden, Britain, France and Spain ; and is almoft 
conftantly accompanied by ores of tin. It occurs both 
maflive and cryftallized. The primitive form of its cry- 
ftals, according to the obfervations of Mr Hauy, is a 
rettangular parallelepiped J, whofe length is 8.66, whofe t Fig. 41- 
breadth is 5, and thicknefs 4.33 *. It is not common, * 
however, to find cryftals of this perfedt form ; in rnanyM;*. N* 
cafes, the angles, and fometimes the edges, of the cry-X!X- 8- 
ftal are wanting f ; owing, as Mr Hauy has fhewn, to f Fig. 43. 
the fuperpofition of plates, whofe edges or angles de- 
creafe according to a certain law J. f Jour.de 

Colour brown or brownifh black. Streak reddifhMin- 
brown. Powder ftains paper with the fame colour.x‘x‘ 
Luftre external, 2 ; internal, 2 to 3 ; nearly metallic. 
Texture foliated. Eafily feparated into plates by per- 
cuffion. Hardnefs 6 to 8. Sp. gr. from 7.006* to * Kirtvat* 
7.333 f. Moderately elediric by communication. Not 4 ffauy, 
magnetic. Infufible by the blow-pipe. Forms with 
borax a greenifh globule, and with microcofmic fait a 
tranfparent globule of a deep red ^[. ^Taugudh 

The fpecimen of this ore, examined by Meffrs d’El- 7^“r' ^ 
huyart’s, was compofed of 65 oxide of tungften, ri&iu 

22 oxide of manganefe, 
13 oxide of iron. 

100 
Another 

(r) Kirao. II. 316.—]Je Luyart, Mem. Thouloufe, II. 141.-—G/nif/i/i, CrslPs four. Englifh Tranf. III. 
205, and 293—La Peroufe, Jour, de Min. N° IV. p. 23. 



Iider XVII. M I N 
Ores of Another fpecimen from Pays le Mines in 
vloljbde- analyfec} by Vauquelin and Hecht, contained 

num' , 67.00 oxide of tungften, 
18.00 black oxide of iron, 
6.2? black oxide of manganefe, 
1.50 filica, 
7.25 oxide of the iron and manganefe. 
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France, bluifh black. A piece of re fin rubbed with this mine- Metallic 

ral becomes pofitively ele&ric Infoluble in fulphu-, Qies- t 
ric and muriatic acids ; but in a boiling heat colours j- Hauyj 
them green. EfFervefces with warm nitric acid, lea- Jour, de 
■ving a grey oxide undiffolved. Before the blow-pipe, on Min. N0 

, Vauquelin t 
four, de 
Min. N° 
ix. if. 

277 
Ml. Saifs, 
["ungftat of 
ime. 

100.00 j 

Genus II. SALTS OF TUNGSTEN. 
species I. Tungftat of lime (s). 

Tungsten. 
This ore, which is now exceedingly fcarce, has hi- 

therto been found only in Sweden and Germany. It 
is either maflive or cryftallized; and, according to Hauy, 

~ je the primitive form of its cryftals is the oftahedron f. 
Min. N° Colour yellowilh white or grey. Luftre 3 to 2. 
uiii. 657-Tranfparency 2 to 3. Texture foliated. Hardnefs 6 

to 9. Sp. gr. 5.8 to 6.0665. Becomes yellow when 
digefted with nitric or muriatic acids. Infufible by the 
blow-pipe. With borax forms a colourlefs glafs, unlefs 
the borax exceed, and then it is brown. With micro- 
cofmic fait it forms a blue glafs, which lofes its colour 

f&iwfcandby t^ie yeH°'v flame, but recovers it in the blue flame 
Bergman. 

1 Scheele. 
278 

Brown 
ungdat. 

279 
G.I. Sul- 
phured 
Common 
lulphuret. 

* Karjh, 
t Brijpw 

a filver fpoon, emits a white fmoke, which condenfeS in-™1 7°* 
to a white powder, which becomes blue in the internal, 
and lofes its colour in the external, flame. Scarcely af- 
fefted by borax or microcofmic fait. EfFervefces with 
foda, and gives it a reddifh pearl colour. 

Compofed of about 60 molybdenum, 
40 fulphur. 

100 * 

Order XVIII. ORES OF URANIUM. 

* Klaproth, 

a 80 
G.I. Oxides. 
Suiphuret 
of uranium, 
f Kirwan, 
ii. 3®5- 

It is compofed of about 70 oxide of tungften, 
30 lime. 

100 
with a little filica and iron $. 

species 2. Brown Tungftat. 
This ore is found in Cornwall, and is either maflive 

or compofed of fmall cryftalline grains. 
Colour grey, variegated with yellow and brown. 

Luftre 2, waxy. Hardnefs 6 to 7. Sp. gr. 5.57. Its 
powder becomes yellow when digefted in aqua regia. 

According to Klaproth, it is compofed of 
88.0 oxide of tungften, 
1 r.5 lime. 

99-5 

Order XVII. ORES OF MOLYBDENUM. 

If ever molybdenum be found in abundance, it will 
probably be ufeful in dyeing and painting. At pre- 
fent it is very fcarce, having only been found in Swe- 
den, Germany, Carniola, and among the Alpes. Like 
tin and tungften, it affe&s the primitive mountains. 

Genus I. sulphuret of molybdenum, 
species I. Common fulphuret (t). 

Molybdena. 
This ore, which is the only fpecies of molybdenum 

ore at prefent known, is found commonly maflive; fome- 
times, however, it is cryftallized in hexahedral tables. 

Colour light lead grey; fometimes with a fhade of 
red. Streak bluifh grey, metallic. Powder bluifh. 
Luftre metallic, 3 to 2. Texture foliated. Lamellae 
flightly flexible. Havdnefs 4. Sp. gr. 4.569 * to 
4.738? f. Feels greafy ; ftaias the fingers. Marks 

Suppl. Vol. II. Parti. 

Uranium has hitherto been found only in Germany, 
and has not been applied to any ufe. The only two 
mines where it has occurred are in the primitive moun- 
tains. 

Genus I. oxides of uranium, 
species x. Sulphuret of uranium •}*. 

Pecbblende. 
This ore, which has been found at Johanngeorgen- 

ftadt in Saxony, and Joachimfthal in Bohemia, is either 
maflive or ftratified with other minerals. 

Colour black or brownifh black ; fometimes with a 
fhade of grey or blue. Streak darker. Powder opaque 
and black. Luftre femimetallic, from 3 to 1. Frac- 
ture conchoidal. Hardnefs 7 to 8. Very brittle. Sp. 
gr. from 6.3785 X to 7-5» anA even higher §. Imper-{ Morveau^ 
fe&ly foluble in fulphuric and muriatic acids ; perfectly JoKr. * 
in nitric acid and aqua regia. Solution wine yellow. ^■in: 
Infufible with alkalies in a crucible : infufible by the 
blow-pipe per fe. With borax and foda forms a grey Beitrdge, 
opaque flag; with microcofmic fait, a green glafs. ii. 197. 

Compofed of oxide of uranium and fulphur, and mix- 
ed with iron and filica, and fometimes lead. 

A fpecimen of this ore from Joachimfthal, analyfed 
lately by Klaproth, contained 

86.5 uranium, 
6.0 fulphuret of lead, 
5.0 filica, 
2.5 oxide of iron. 

IOC.O ' 

SPECIES 2. 

* Beitrdge^ 
ii. *2i. 

28 1 
Yellow 

Yellow oxide of uranium J. 
Uranitic ochre. 

This ore is generally found on the furface of the laft0*^6 °f 
fpecies at Johanngeorgenftadt, and is either maflive 
in powder. ^03. * 

Colour yellow, red, or brown. Streak of the yellow 
forts yellow ; of the red, orange yellow. Luftre o. 
Slightly ftains the fingers. Feels meagre. Texture 
earthy. Hardnefs 3 to 4. Sp.gr. 3.2438 ||. Infu-^ 
Able by the blow-pipe ; but in a ftrong heat becomes ^ 
brownifh grey. 

Compofed of oxide of uranium afid oxide of iron. 
/ I i Genus 

(s) htr'iv. II. 314.— Scheek’s Works (French tranflation), II. 81.—Bergman, ibid. p. 94.—Orel!, Chem. An- 
nalen. 1784, 2 Bard 19;. 

(t) Kirov. II. 322.—Scheme’s Works (French tranflation), I. 236.—Pelletier, your, de Phyf XXVII. 434.—. 
llfemann, ibid. XXXIII. 292. — Sage, ibid. 389.—-Klaproth and Modcer, Ann. de Cbm, III. 1 20. 
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Ores of 

Titanium. 

2S1 
G. II. Salts 
Carbonat 
of uranium 

Kiriuan, 
ii. 304. 
§ Gmelin, 

* your, dt 
M'm. N° 
xv. 37. 
i itid. n° 
xii. 51. 
^ Jour, de 
Min. N° 
xxxii. 6x4. 
U Ibid. 

483 
G.l. Oxides 
Red oxide 
of titanium 

MINER 

Genus II. salts of uranium, 
species I* Ccirbonzit of uranium ^j* 

This fubftance is alfo found at Johanngeorgenftadt, 
and near Eibenftock and Rheinbreidenbach §. It is 
fometimes amorphous, but more commonly cryftallized. 
Its cryftals are fquare plates, oaahedrons, and fix fided 

^ Colour green ; fometimes nearly white ; fometimes, 
though rarely, yellow. Streak greenifh white. Luftre 3 
to 2 ; internal, 2 ; fometimes pearly ; fometimes near- 
ly metallic. Tranfparency 2 to 3. Texture foliated. 
Hardnefs 5 to 6. Brittle. Soluble in nitric acid with- 
out effervefcence. Infufible by alkalies.. 

Compofed of carbonat of uranium, with fome oxide 
of copper. When its colour is yellow it contains no 
copper. 

Order XIX. ORES OF TITANIUM. 
Titanium has been known for fo fhort a time, and 

its properties are yet fo imperfeftly afcertained, that 
many of its ufes mull remain to be difcovered. Its 
oxide, as we learn from Mr Darcet,has been employed 
in painting on porcelain *. Hitherto it has been found 
only in the primitive mountains, the Crapacks'j', the 
Alpes (u), and the Pyrenees X- It has been found al- 
fo in Brittany || and in Cornwal. 

A L O G Y. Clafs I, 
nachanite by Mr Gregor, the difcoverer of it. It is in Metallic 
fmall grains, like gunpowder, of no determinate mape,, cire8, f 
and mixed with a fine grey fand. Colour black. Eaiuy 
pulverized. Powder attra&ed by the magnet. Sp. gr. 
4.427. Does not detonate with nitre. With two parts 
of fixed alkali it melts into an olive coloured mafs, from 
which nitric acid precipitates a white powder. The mi- 
neral acids only extraft from it a little iron. Diluted 
fulphuric acid, mixed with the powder, in tuch a pro- , . 
portion that the mafs is not too liquid, and then eva- 
porated to drynefs, produces a blue coloured mafs. Be- 
fore the blow-pipe does not decrepitate nor melt. It 
tinges microcofmic fait green ; but the colour becomes 
brown on cooling : yet microcofmic fait does not dii- 
folve it. Soluble in borax, and alters its colour in the 
fame manner. . . 

According to the analyfis of Mr Gregor, it is com* 
pofed of 46 oxide of iron, 

45 oxide of titanium.. 

91 with fome fxlica and manganefe 
According to Mr Klaproth's analyfis, it is compofed 

of 31.00 oxide of iron, 
45.25 oxide of titanium, 

3.50 lilica, 
.25 oxide of manganefe. 

7 a. XjZ. 

Jour. de 
Min. N° 
xv. a8. and 
xxxii. 615. 
I Fig. 44. 

* Klaproth 
■}• Vauquelin 
and Hecbu. 

484 
Menacha- 
ni;e. 

Genus I. oxides of titanium, 
species i. Red oxide of Titanium. 

RedJhorl—Sagenite. 
This ore has been found in Hungary, the Pyrenees, 

the Alpes, and in Brittany in France. It is generally 
cryftallized. The primitive form of its< cryllals, ac- 
cording to the obfervations of Mr Hauy, is a redtangu- 
lar prifm, whofe bafe is a fquare ; and the form of its 
molecules is a triangular prifm, whofe bafe is a right 
angled ifofceles triangle, and the height is to any of the 
fides of the bafe about the right angle as i2\.o */ 5, 
or nearly as 3 : 2 ^f. Sometimes the cryftals of tita- 
nium are fix-fided, and fometimes four-fided, prifms, 
and often they are implicated together j;. 

Colour red or browniftx red. Powder brick or orange 
red. Luftre 3. Tranfparency commonly o ; fometimes 
1. Texture foliated. Hardnefs 9. Brittle. Sp. gr. 
from 4.1$ * to 4.2469 f. Not affefted by the mineral 
acids. When fufed with carbonat of potafs, and dilu- 
ted with water, a white powder precipitates, heavier 
than the titanium employed. Before the blow-pipe it 
does not melt, but becomes opaque and brown, . With 
microcofmic fait it forms a globule of glafs, which ap- 
pears black ; but its fragments are violet. With borax 
it forms a deep yellow glafs, with a tint of brown. 
With foda it divides and mixes, but does not form a 
tranfparent glafs. 

When pure,,it is compofed entirely of oxide of tita- 
nium. 

species 2. Menachanite (x). 
Oxide of titanium combined with iron. 

This fubftance has been found abundantly in the val- 
ley of Menachan in Cornwal; and hence was called me- 

100.00 $ > . . 
A mineral, nearly of the fame nature with the one 

juft defcribed, has been found in Bavaria. Its fpecific 
gravity, however, is only 3.7. According to the ana- 
lyfis of Vauquelin and Hecht, it is compofed of 

49 oxide of titanium, 
35 iron> 

2 manganefe, * ^ 
34 oxygen combined with the iron and manganefe. 

ICQ $ § Jour, dt y Min. Na 

species 3. Calcareo-liliceous ore of titanium. . ^aSj 
Oxide of titanium combined with lime andjilica—ThaniteX. caicareo- 

This ore has hitherto been found only near Paffau.fiHceousor 
It was difcovered by Profeffor Hunger. It is fome-ofdtanmn 
times maffive, but more commonly cryftallized in four-f. 
fided prifms, not longer than one fourth of an inch. 

Colour reddiih, yellowifh, or blackifh brown ; fome- 
times whitifti grey. Powder whitifh grey. Luftre 
waxy or nearly metallic, 2 to 3. Tranfparency from o 
to 2. Texture foliated. Hardnefs 9 or more. Brittle. 
Sp. gr. 3.510. Muriatic acid, by repeated digeftion, 
diffolves one-third of it. Ammonia precipitates from 
this folution a clammy yellowifti fubftance. Infufible 
by the blow pipe, and alfo in a clay crucible ; but ia 
charcoal is converted into a black opaque porous (lag. 

According to the analyfis of Klaproth, it is compa- 
fed of 33 oxide of titanium, 

35 filica, 
33 lime* 

101 D C K7 

(u) Dolom cm, Jour, de Min. N° XLII. 431. and Saujfure, Voyages, N° 1894- 
(x) Kirnv. II. 326.—Gregor, Jour, de Phyf. XXXIX. 72. and i^.—Schmeiffer, CreWs Annals (EngUlh 

tranllation), HI. 252. 



Ores of 
Tellurium. 

}rdcr XX. MINER 
Order XX. ORES OF TELLURIUM. 

Hitherto tellurium has only been found in Tran- 
fylvania. It occurs in three different mines; that of 
Fatzbay, Offenbanya, and Nagyag, which are confider- 
ed as gold mines, becaufe they contain lefs or more of 
that metal. Its gangue is commonly quartz. 

*86 
3. T. Alloys. 
White gold 
are of Fatz- 
bay. 

(I Ann de 
Cbim. XXV. 
3»7- 

f Ibid. l8o. 

*87 
Graphic 
gloden ore 
of Offen- 
banya. 

f Ann. de 
Cbim. XXV. 
3*8. 

|] Dc Born, 
Kirrvm't 
Min. fi. 
110. 

§ Ann. de 
Cbim. xxv. 
a 80. 

Genus 1. alloys of tellurium, 
species 1. White gold ore of Fatzbay. 
Alloy of tellurium and iron, with fame gold. 

This fpecies is generally maffive. Its colour is be- 
tween tin white and lead grey. Luftre confiderable, me- 
tallic. Texture granular *. 

According to Klaproth’s analyfis, it is compofed of 
72.0 iron, 
25.5 tellurium, 

2.5 gold. 

100.0 f 

species 2. Graphic golden ore of Offenbanya. 
'Tellurium alloyed with gold andfiver. 

This ore is compofed of flat prifmatic cryftals ; the 
arrangement of which has fome refemblance to Turkifh 
letters. Hence the name of the ore. 

Colour tin white, with a tinge of brafs yellow J. 
Luftfe metallic, 3, Hardnefs 4 to 5. Brittle. Sp. 
gr. 5.723. Before the blow-pipe decrepitates, and melts 
like lead. Burns with a lively brown flame and difa- 
greeable fmell, and at laft vanifhes in a white fmoke, 
leaving only a whitifh earth ||. 

According to Klaproth’s analyfis it is compofed of 
60 tellurium, 
30 gold, 
10 filver. 

too § 
The yellow gold ore of Nagyag would belong to this 

fpecies were it not that it contains lead. Its compofi. 
tion, according to Klaproth’s anaylfis, is as follows: 

45.0 tellurium, 
27.0 gold, 
19.5 lead, 

8.5 filver. 

* Hid.: 
188 

Grey folia- 
ted gold ore 
of Nagyag. 

t Klaproth, 
Ann. de 
Chim, XXV. 
3»9- 
t De Born, 
Ki riven’s 
Min. ii. 

§ Ann. de 
Cbim. ibid. 
3£o, 

A L 0 G Y. 
Order XXL ORES OF CHROMUM. 

Chromum has hitherto been found in too fmall quan- 
tities for its extenfive application to the arts. When- 
ever it becomes plentiful, its properties will render it of 
great importance both to the dyer and painter. Na- 
ture has ufed it to colour fome of her moft beautiful mi- 
neral produftions : And can art copy after a better mo- 
del ? Hitherto it has been found only in two places, 
near Ekaterinbourg in Siberia, and in the department 
of the Var in France. In the firfl of thefe places, and 
probably alfo in the fecond, its gangue is quartz. 

25* 
Metallic 

Ores. 
  

*89 
G. I. Salts. 
Chromat of 
lead. 

100.0 and an atom of fulphur *. 

species 3. Grey foliated gold ore of Nagyag. 
This ore is found in plates, of different degrees of 

thicknefs, adhering to one another, but eafily feparable: 
thefe are fometimes hexahedral, and often accumulated 
fo as to leave cells between them. 

Colour deep lead grey, palling to iron black, fpotted. 
Luftre metallic, moderate. Texture foliated ; leaves 
flightly flexible f. Hardnefs 6. Sp. gr. 8.919. Stains 
the fingers. Soluble in acids with effervefcence J. 

According to Klaproth, it is compofed of 
50.0 lead, 
22.0 tellurium, 
8.5 gold, 
7.5 fulphur, 
1.0 filver and copper, 

100.0 § 

Genus I. salts of chromum. 
species 1. Chromat of lead. 

Hed lead ore of Siberia. 
This lingular mineral, which has now become fcarce, 

is found in the gold mines of Berefof near Ekaterim- 
bourg in Siberia, cryftalliZed in four-fided prifms, fome- 
times terminated by four-fided pyramids, fometimes not. 

Colour red, wnth a lhade of yellow. Streak and 
powder a beautiful orange yellow. Luftre from 2 to 
3. Tranfparency 2 to 3. Strinfture f oliated. Tex 
ture compadt. Fra&ure uneven. Hardnefs 5 to 4. 
Sp. gr. 6.0269 f to 5.75 J. Does not effervefee with f BriJJbn. 
acids. Before the blow pipe decrepitates ; fome lead is^ Bindbam. 
reduced, and the mineral is converted to a black flag, 
which tinges borax green. 

According to the analyfis of Vauquelin, it is compo- 
fed of 65.12 oxide of lead, 

34.88 chromic acid. 

100.00 ||. |J Jour. de 
r • Min- N° species 2. Chromat of iron. xxxiv. 760. 

This mineral, which has been found only near Gaf- 29° 
fin in the department of Var in France, is in irregular ?hromat 

meflas. lron* 
Colour brown, not unlike that of brown blende. 

Luftre metallic. Hardnefs moderate. Sp. gr. 4.0326. 
Melts with difficulty before the blow-pipe ; to borax it 
communicates a dirty green. Infoluble in nitric acid. 
Melted with potafs, and diflblved in water, the folution 
affumes a beautiful orange yellow colour. 

It is compofed of 63.6 chromic acid, 
36.0 oxide of iron. 

99‘6 ^ f Tajfaert, 
Chap. V, Of the Chemical Analysis of Chim.xxxi. 

Minerals. no. 

The progrefs which the art of analyfmg mineralsAnalyfis of 

has made wuthin thefe laft twenty years is truly afto-minera^* 
nilhing. To feparate five or fix fubftances intimately 
combined together, to exhibit each of them feparately, 
to afeertain the precife quantity of each, and even to 
deleft the prefence and the weight of fubftances which 
do not approach r^5th part of the compound, would, 
at no very remote period, have been confidered as a 
hopelefs, if not an impoffible, talk ; yet this can now 
be done with the moft rigid accuracy. 

The firft perfon who undertook the analyfis of ml-Begun by 
nerals was Margraff of Berlin. His attempts were in-Margraff, 
deed rude ; but their importance was foon perceived by 
other chemifts, particularly by Bergman and Scheele, 

^ ‘ 2 whofc 
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»95 Method of 

Analyfis of whofe induftry and addrefs brought the art of analyfing 
Mineral?. minerals to a confiderable degree of perfeaion. 
    But their methods, though they had very conhder- 

able merit, and, confidering the ttate of the fcience, are 
wonderful proofs of the genius of the inventors, were 
often tedious and uncertain, and could not in all cafes 
be applied with confidence. Thefe defedts were per- 
ceived by Mr Klaproth of Berlin, who applied himfelf 
to the analyfis of minerals with a perfevering induftry 
which nothing could fatigue, and an ingenuity and ac- 
curacy which nothing could perplex. He correfted 
what was wrong, and fupphed what was wanting,^ in 
the analytical method ; invented new proceffes, difco- 
vered new inftruments ; and it is to his labours, more 
than to thofe of any other chemift, that the degree of 
perfedlion, to which the analyfis of minerals has attain- 
ed, is to be afcribed. Many improvements, however, 
were introduced by other dhemifts, efpecially by Mr 
Vauquelin, whofe analyfes in point of accuracy and in- 
genuity rival thofe of Klaproth himfelf. 

We {hall, in this chapter, give a fhort defcription of 
the moft perfedt method of analyfing minerals, as far 
as we are acquainted with it. We fliall divide the chap- 
ter into four fedlions-. In the firft, we fhall give an ac- 
count of the inftruraents ufed in analyfes ; in the fecond, 
we fliall treat of the method of analyfing ftones ; in the 
third, of analyfing combuftibles ; and in the fourth, of 
the analyfes pf ores. 

Sect. I. Of the Injiruments of Analyfes. 

I. The chymical agents, by means of which the an- 
Cdnaming 0f m;nerals [s accomplifbed, ought to be prepared 

gents purl* lhe gr^ateft care, becaufe upon their purity the 
exadtnefs of the operation entirely depends. 1 hefe a- 
gents are the three alkalies, both pure and combined 
with carbonic acid ; the fulphuric, nitric, and muriatic 
acids ; hy drofulphuret of potafs and fulphurated hydro- 
gen gas diffolved in water; pruffic alkali, -and a few 
neutral falts. 

1. Potafs and foda may be obtained pure, either by 
means of alcohol, or by the method defcribed in the 
article Chemistry, n0 372. Suppl. Thefe alkalies are 
known to be pure when their folution in pure water occa- 
iions no precipitate in lime and barytic water ; when the 
precipitate which it produces in a folution of filver is 
completely diftblved by nitric acid ; and, laftly, when 
laturated with carbonic acid it depofits no filica. 

2. Ammonia is procured by diftillmg one part of mu- 
riat of ammonia with two parts of quicklime, and recei- 
ving the gas in a difh containing a quantity of pure wa- 
ter, equal in weight to the muriat employed. Its pu- 
rity is known by the fame tefts which afcertain the pu- 
rity of fixed alkalies. 

3. The carbonats of potafs and foda may be formed 
by diffolving the potafs and foda of commerce in pure 
water, faturating the folution with carbonic acid, and 
cryftallizing them repeatedly. When pure, thefe cry- 
ftals efflorefce in the air ; and the precipitate which they 
occafion in folutions of barytes and of filver is com- 
pletely foluble in nitric acid. Carbonat of ammonia is 
obtained by diftilling together one part of muriat of 
ammonia and two parts of carbonat of lime. 

4. The fulphuric acid of commerce often contains 
nitric acid, potafs, lead &c. It may be purified by di- 
ftillation in adow cucurbits. The firft portion, when 
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it comes over, muft be fet afide; it contains, the nitric Anaiyfi, of 
acid. The other impurities remain behind in the cu- , 
curbite. Sulphuric acid, when pure, diffolves indigo 
without altering its colour, does not attack mercury 
while cold, and caufes no precipitate in pure alkaline fo- 
lutions. # . 

c. Nitric acid often contains botn fulpriunc and mvu 
riati’c acids. It is eafily purified by throwing into it 
about three parts of litharge in fin* powder for every 
100 parts of the acid, allowing the mixture to remain 
for 24 hours, (baking it occafionally, and then diftilling 
it. The fulphuric and muriatic acids combine with the 
lead, and remain behind in the retort. Pure nitric acid 
occafions no precipitate in the folutions of barytes and 
filver. 

6. The muriatic acid of commerce ufually contains 
fulphunc acid, oxymuriatic acid, and oxide of iron. It 
may be purified by diftillation with a little muriat of 
ibda ; taking care to fet afide the firft portion which 
comes over. When pure it caufes no precipitate in the 
folution of barytes, nor of pure alkalies, and does not 
attack mercury while cold. 

7. Hydrofulphuret of potafs is made by faturating a 
folution of pure potafs with fulphurated hydrogen gas; 
and water may be faturated with fulphurated hydrogen 
gas in the fame manner. See Chemistry, nO 857. 
Suppl. 

8. The method of preparing pruffic alkali, oxalic 
acid, and the other fubftances ufed in analyfes, has been 
already defcribed in the article Chemistry, Suppl. it 
is unneceffary therefore to repeat it here. . a96 

II. Before a mineral is fubmitted to analyfis, it ought How toft- 
to be reduced to an impalpable powder. This is by no 

means an eafy talk when the ftone is extremely hard. 
It ought to be raifed to a bright red or white heat in 
a crucible, and then inftantly thrown into cold water. 
This hidden tranfition makes it crack and break into 
pieces. If thefe pieces are not fmall enough, the ope- 
ration may be repeated on each till they are reduced 
to the proper fize. Thefe fragments are then to be 
beaten to fmall pieces in a polifhed fteel mortar ; the 
cavity of which fhould be cylindrical, and the fteel peftle 
fhould fit it exa&ly, in order to prevent any of the ftone 
from efcaping during the a£t of pounding. As foon as 
the ftone is reduced to pretty fmall pieces, it ought to 
be put into a mortar of rock cryftal or flint, and redu- 
ced to a coarfe powder. This mortar fhould be about 
four inches in diameter, and rather more than an inch 
in depth. The peftle fhould be formed of the fame 
ftone with the mortar, and care fhould be taken to know 
exadlly the ingredients of which this mortar is compo- 
fed. Klaproth’s mortar is of flint. We have given its 
analyfis in n° 32. of this article. 

When the ftone has been reduced to a coarfe pow- 
der, a certain quantity, whofe weight is known exactly, 
100 grains for inftance, ought to be taken and reduced 
to as fine a powder as pofiible. This is beft done by 
pounding fmall quantities of it at once, not exceeding 
10 grains. The powder is as fine as pofiiblc when it 
feels foft, adheres together, and as it were forms a cake 
under the peftle. It ought then to be weighed exaft- 
ly. It will almoft always be found heavier after being 
pounded than it was before ; owing to a certain quan- 
tity of the fubftance of the mortar which has been rub- 
bed off during the grinding and mixed with the pow- 

der. 
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.nalyfis cfder. This additional weight mull be carefully noted ; 
Minerals. ancj after the analylis, a portion of the ingredients of 

the mortar, correfponding to it, mull be fubtradled. 
III. It is necelfary to have a crucible of pure filver, 

or, what is far preferable, of platinum, capable of hold- 
ing rather more than feven cubic inches of water, and 
provided with a cover of the fame metal. There fhould 
alfo be ready a fpatula of the fame metal about four 
inches long. 

The dilhes in which the folutions, evaporations, &c. 
are performed, ought to be of glafs or porcelain. Thofe 
of porcelain are cheaper, becaufe they are not fo apt to 
break. Thofe which Mr Vauquelin ufes are of porce- 
lain ; they are fe£tions of fpheres, and are glazed both 
within and without, except that part of the bottom 
which is immediately expofed to the fire. 

Sect. II. Analyfis of Stones (y). 

edients on^ fubftances which enter into the compofi- 
■itones. ti011 °f the Ample ftones, as far at lead as analyfis has 

difcovered, are the fix earths, filica, alumina, zirconia, 
glucina, lime, and magnefia; and the oxides of iron, 
manganefe, nickel, chromum, and copper (z). Seldom 
more than four or five of thefe fubllances are found com- 
bined together in the fame Hone: we lhall fuppofe, 
however, in order to prevent unnecefiary repetitions, 
that they are all contained in the minei*al which we are 
going to analyfe. 

[ethod of -L61 100 or 200 grains °f Hone to be analyfed, pre- 
xompo- vioufly reduced to a fine powder, be mixed with three 
ig ftones. times its weight of pure potafs and a little water, and 

expofed in the filver or platinum crucible to a ftrong 
heat. The heat fliould at firft be applied flowly, and 
the matter fhould be conflantly ftirred, to prevent the 
potafs from fwelling and throwing any part out of the 
crucible. When the whole water is evaporated, the 
mixture fhould be kept for half an hour or three quar- 
ters in a ftrong red heat. 

If the matter in the crucible melts completely, and 
appears as liquid as water, we may be certain that the 
flone which we are analyfing confifts chiefly of filica ; 
if it remains opaque, and of the confiftenceof pafte, the 
other earths are moft abundant ; if it remains in the 
form of a powder, alumina is the prevalent earth. If 
the matter in the crucible be of a dark orbrownifh red 
Colour, it contains oxide of iron ; if it is grals green, 
manganefe is prefent; if it is yellowifh green, it con- 
tains chromum. 

When the crucible has been taken from the fire and 
wiped on the outfide, it is to be placed in a capfule of 
porcelain, and filled with water. This water is to be 
renewed from time to time till all the matter is detach- 
ed from the crucible. The water difiblves a part of the 
Combination of the alkali with the filica and alumina 
of the ttone ; and if a fufficient quantity were ui'ed, it 
would diflblve the whole of that combination. 

Muriatic acid is now to be poured in till the whole 
of the matter is diflblved. At firft a flaky precipitate 
appears, becaufe the acid combines with the alkali 
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which kept it in folution. Then an effervefcence takes Analyfis oi 
place, owing to the decompofition of fome carbonat 0f 
potafs formed during the fufion. At the fame time * 
the flaky precipitate is rediflblved ; as is alfo that part 
of the matter which, not having been diflblved in the 
water, had remained at the bottom of the difh in the 
form of a powder. This powder, if it conliits only of 
filica and alumina, diflblves without effervefcence; but 
if it contains lime, an effervefcence takes place. 

If this folution in muriatic acid be colourlefs, we may 
conclude that it contains no metallic oxide, or only a 
very fmall portion ; if its colour be purplifh red, it con- 
tains manganefe ; orange red indicates the prefence of 
iron ; and golden yellow the prefence of chromum. 

This folution is to be poured into a capfule of porce- 
lain, covered with paper, and evaporated to drynefs in 
a fand bath. When the evaporation is drawing towards 
its completion, the liquor aflumes the form of jelly. It 
muft then be flirred conftantly wbth a glafs or porcelain 
rod, in order to facilitate the difengagement of the acid 
and water, and to prevent one part of the matter from 
being too much, and another not fufficiently dried. 
Without this precaution, the filica and alumina would 
not be completely feperated from each other. 300 

When the matter is reduced almoil to a dry powder, Wpw the 
a large quantity of pure water is to be poured on it ; ^ica * 
and, after expofure to a flight heat, the whole is to be*^ 
poured on a filter. The powder which remains upon 
the filter is to be wafhed repeatedly, till the water with 
which it has been wafhed ceafes to precipitate filver 
from its folutions. This powder is the whole of the 

which the ftone that we are analyfing contained. 
It muft firfl be dried between folds of blotting paper, 
then heated red hot in a platinum or filver crucible, and 
weighed while it is yet warm. It ought to be a fine 
powder, of a white colour, not adhering to the fingers, 
and entirely foluble in acids. If it be coloured, it is 
contaminated with fome metallic oxide ; and fhews, that 
the evaporation to drynefs has been performed at too 
high a temperature. To feparate this oxide, the filica 
muff be boiled with an acid, and then wafhed and dried 
as before. The acid folution muft be added to the water 
which pafied through the filter,.and which we fhall de- 
nominate A. 

The watery folution A is to be evaporated till its' 
quantity does not exceed 30 cubic inches, or nearly an 
Englifh pint. A folution of carbonat of potafs is then 
to be poured into it till no more matter precipitates. 
It ought to be boiled a few moments to enable all the 
precipitate to fall to the bottom. When the whole of 
the precipitate has colledled at the bottom, the fuper- 
natant liquid is to be decanted off; and water being 
fubflituted in its place, the precipitate and water are to- 
be thrown upon a filter. When the water has run off, 
the filter with the precipitate upon it is to be placed 
between folds of blotting paper. When the precipi- 
tate has acquired fome confiftence, it is to be carefully 
colle&ed by an ivory knife, mixed with a folution of 
pure potafs, and boiled in a porcelain capfule. If any 
  alumina 

(y) Part of this feftion is to be confidered as an abftrad of a treatife of Vauquelin on the analyfis of ftones, 
publifhed in the Annaks de Chimie, Vol. XXX. p. 66. , . 

(z) Barytes has alfo been difcovered in one Angle ftone, the Jlauroiite; but rts prefence in ftones is fd un- 
common, that it can fcarcely be looked for. The method of detecting it fhall be noticed afterwards. 
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alumina or glucina be pr^fent, they will be diflblved in 
the potafs ; while the other fubftances remain untouch- 
ed in the form of a powder, which we {hall call B. 

Into the folution of potafa as much acid muft be 
poured as will not only faturate the potafs, but alfo com- 
pletely rediflblve any precipitate which may have at firil 
appeared. Carbonat of ammonia is now to be added 
in fuch quantity that the liquid {hall tafte of it. By 
this addition the whole of the alumina will be precipi- 
tated in white {leaks, and the glucina will remain dif- 
folved, provided the quantity of carbonat of ammonia 
ufed be not too fmall. The liquid is now to be filter- 
ed, and the alumina which will remain on the filter is to 
be walhed, dried, heated red hot, and then weighed. 
To fee if it be really alumina, diflblve it in fulphuric 
acid, and add a fufficient quantity of fulphat or acetite 
of potafs ; if it be alumina, the whole of it will be con- 
verted into cryftals of alum. 

Let the liquid which has pafled through the filter be 
boiled for fame time, and the glucina, if it contains any, 
will be precipitated in a light powder, which may be 
dried and weighed. When pure, it is a fine, foft, very 
light, taftelefs powder, which does not concrete when 
heated, as alumina does. 

The refiduum B may contain lime, magnefia, and one 
or more metallic oxides. Let it be diflblved in weak 
fulphuric acid, and the folution evaporated to drynefs. 
Pour a fmall quantity of water on it. The water will 
difiblve the fulphat of magnefia, and the metallic ful- 
phats ; but the fulphat of lime will remain undiffolved. 
Let it be heated red hot in a crucible, and weighed. 
The lime amounts to 0.41 of the weight. 

Let the folution containing the remaining fulphats 
be diluted with a large quantity of water, let a fmall 
excefs of acid be added, and then let a faturated car- 
bonat of potafs be poured in. The oxides of chromum, 
iron, and nickel, will be precipitated, and the magnefia 
and oxide of manganefe will remain diifolved. The pre- 
cipitate we {hall call C. 

Into the folution let a folution of hydrofulphuret of 
potafs be poured, and the manganefe wall be precipita- 
ted in the ftate of a hydrofulphuret. Let it be calci- 
ned in contact with air, and weighed. The magnefia 
may then be precipitated by pure potafs, walhed, ex- 
posed to a red heat, and then weighed. . 

Let the refiduum C be boiled repeatedly with nitric 
acid, then mixed with pure potafs; and after being 
heated, let the liquid be decanted off. Let the preci- 
pitate, which confifts of the oxides of iron and nickel, 
be waflied with pure water ; and let this water he added 
to the folution of the nitric acid and potafs. That fo- 
lution contains the chromum converted into an acid. 
Add to this folution an excefs of muriatic acid, and eva- 
porate till the liquid alfumes a green colour; then add 
a pure alkali: The chromum precipitates in the ftate 
of an oxide, and may be dried, and weighed. 

Let the precipitate, confifting of the oxides of iron 
and nickel, be diffolved in muriatic acid ; add an excefs 
of ammonia : the oxide of iron precipitates. Let it be 
waftied, dried, and weighed. 

Evaporate the folution, and the oxide of nickel will 
alfo precipitate ; and its weight may be afeertained in 
the fame manner with the other ingredients. 

The weights of all the ingredients obtained are now 
to be added together, and their fum-total compared with 

volatile bo. 
dies. 
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the weight of the matter fubmitted to analyfis. If the Analyfis of 
two are equal, or if they differ only by .03 or .04 parts, i

LVliner>lg. 
we may conclude that the analyfis has been properly 
performed : but if the lofs of weight be conliderable, 
fomething or other has been loft. The analyfis muft 
therefore be repeated with all pofiible care. If there is 
ftill the fame lofs of weight, we may conclude that the 
-ftone contains feme fubftance, which has either evapo- 
rated by the heat, or is foluble in water. ^ 

A frefit portion of the ftone muft therefore be bro-Method of 
ken into fmall pieces, and expofed in a porcelain cru-detefting 
cible to a ftrong heat. If it contains water, or any "’ 
other volatile fubftance, they will come over into the re- 
ceiver ; and their nature and weight may be alcertained. 

If nothing comes over into the receiver, or if what 
comes over is not equal to the weight wanting, we may 
conclude that the ftone contains feme ingredient which 
is foluble in water. 

To difeover whether it contains/w/q/r, let the ftone, 
reduced to an impalpable powder, be boiled five or fixafeertain- 
times in fucceflion, with very ftrong fulphuric acid, ap-ingwhek 

plying a pretty ftrong heat towards the end of the ope- 
ration, In order to expel the excefs of acid ; but takingp0tifs 
care that it be not ftrong enough to decompofe the falts 
which have been formed. 

Water is now to be poured on, and the refiduum, 
which does not diffolve, is to be wafhed with water till 
it becomes taftelefs. The watery folution is to be fil- 
tered, and evaporated to drynefs, in order to drive off 
any excefs of acid which may be prefent. The falts are 
to be again diffolved in water; and the folution, after 
being boiled for a few moments, is to be filtered and 
evaporated to a confiftence proper for cryftallizing. If 
the ftone contains a fufficient quantity of alumina, and 
if potafs be prefent, cryftals of alum will be formed ; 
and the quantity of potafs may be difeovered bv weigh- 
ing them, it being nearly Toth of their weight. If the 
ftone does not contain alumina, or not in fufficient quan- 
tity, a folution of pure alumina in fulphuric acid muft 
be added. Sometiraes the alum, even when potafs is 
prefent, does not appear for feveral days, or even weeks; 
and fometimes, when a great quantity of alumina is pre- 
fent, if the folution has been too much concentrated by 
evaporation, the fulphat of alumina prevents the alum 
from cryftallizing at all. Care, therefore, muft be ta- 
ken to prevent this laft fource of error. The alum ob- 
tained may be dilfolved in water, and barytic water 
poured into it as long as any precipitate forms. The 
liquor is to be filtered, and evaporated to drynefs. The 
refiduum will confift of potafs and a little carbonat of 
potafs. The potafs may be diffolved in a little water. 
Th is folution, evaporated to drynefs, gives us the pot- 
afs pure ; which may be examined and weighed. 311 

If no cryftals of alum can be obtained, we muft lookOrfoda. 
for fome other fubftance than potafs. The ftone, for 
inftance, may contain foda. The prefence of this al- 
kali may be difeovered by decompofing the folution in 
fulphuric acid, already deferibed, by means of ammo- 
nia. The liquid which remains is to be evaporated to 
drynefs, and the refiduum is to be calcined in a cru- 
cible. By this method, the fulphat of ammonia will be 
volatilized., and the foda will remain. It may be redif- 
folved in water, cryftallized, and examined. 

If fulphuric acid does not attack the ftone, as is of- 
ten the cafe, it muft be decompofed by fufion with fo- 

da, 
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tnalyfis of da, in the fame manner as formerly dire&ed with pot- 
Minerals. afs> 'j’hg matter, after fufion, is to be diluted with 
^ » water, and then faturated with fulphuric acid. The 

folution is to be evaporated to drynefs, the refiduum 
a^ain diffolved in watei*, and evaporated. Sulphat of 
foda will cryftallize firft; and by a fecond evaporation, 
if the {lone contains potafs and alumina, cryllals of alum 
will be depofited. 

The prefence of potafs may be difcovered, by mix- 
ing with a fomewhat concentrated folution of muriat 
of platinum, the fait obtained^ either by decompofing 
the Hone immediately by an acid, or by faturating with 
an acid the matter obtained by fufing the Hone with 
foda. If any potafs be prefent, a very red precipitate 
will be formed. This precipitate is a triple fait, com- 
pofed of potafs, muriatic acid, and oxide of platinum. 
Ammonia, indeed, produces the fame precipitate ; but 
ammonia has not hitherto been difcovered in Hones. 

In this manner may fimple Hones and aggregates be 
analyfed. As to faline Hones, their analyiis mult vary 
according to the acid which they contain. But alnioll 
all of them may he decompofed by one or other of two 
methods ; of each of which we {hall give an example. 

I. Analyfis of Carbonat of Strontites. 

Klaproth analyfed this mineral by diffolving 100 
parts of it in diluted muriatic acid : during the folution, 
30 parts of carbonic acid efcaped. The folution cry- 
flallized in needles, and when diffolved in alcohol, burnt 
with a purple flame. Therefore it contained ffrontites. 
He diffolved a grain of fulphat of potafs in fix ounces 
of water, and let fall into it three drops of the muriatic 
folution. No precipitate appeared till next day. There- 
fore the folution contained no barytes; for if it had, a 
precipitate would have appeared immediately. 

He then decompofed the muriatic acid folution, by 
mixing it with carbonat of potafs. Carbonat of ffron- 
tites precipitated. By the application of a ffrong heat, 
the carbonic acid was driven off. The whole of the 
earth which remained was diffolved in water. It cry- 
Hallized ; and when dried, weighed 69^*. 

II. Analyfis of Sulphat of Strontites. 
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Mr Vauquelin analyfed an impure fpecimen of this 
mineral as follows : 

Sulphats 0° 200 parts of the mineral, diluted nitric acid was 
poured. A violent effervefcence took place, and part 
of the mineral was diffolved. The undiffolved portion, 
after being heated red hot, weighed 167. Therefore 
33 parts were diffolved. 

The nitric folution was evaporated to drynefs : A 
reddiih fubffance remained, which indicated the prefence 
of oxide of iron. This fubftance was rediffolved in wa- 
ter, and fome ammonia mixed with it; a reddiflr pre- 
cipitate appeared, which, when dried, weighed 1, and 
was oxide of iron. The remainder of the folution was 
precipitated by carbonat of potafs. The precipitate 
weighed, when dried, 20, and poffeffed the properties 
of carbonat of lime. Therefore 200 parts of this mi- 
neral contain 20 of carbonat of lime, 1 of oxide of iron, 
and the remainder of the 33 parts he concluded to be 
water. 

The 167 parts, which were infoluble in nitric acid, 
were mixed with 500 parts of carbonat of potafs, and 
7000 parts of water, and boiled for a confiderable time. 
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The folution was then filtered, and the refiduum wafh-^nalyfisof 
ed and dried. The liquid fearcely effervefced with Minerals* 
acids ; but with barytes it produced a copious precipi- ™ v 

tate, totally indiffoluble in muriatic acid. Therefore it 
contained fulphuric acid. 

The undiffolved refiduum, when dried, weighed 129 
parts. It diffolved completely in muriatic acid. The 
folution cryffallized in needles; when diffolved in alco- 
hol, it burnt with a purple flame ; and, in fhort, had all 
the properties of muriat of ffrontites. Therefore thefe 
129 parts were carbonat of ffrontites. Now, 100 parts 
of this carbonat contain 30 of carbonic acid ; therefore 
129 contain 38.7. Therefore the mineral muff con- 
tain in 200 parts 90.3 of ftrontites. 

Now, the infoluble refiduum of 167 parts was pure 
fulphat of ffrontites ; and we have feen that it contain- 
ed 90.3 of ftrontites. Therefore the fulphuric acid muff 
amount to 76.7 parts *. * Jour, de 

Nearly in the fame manner as in the firft of thefe ex-^"-..^0 

amples, may the analyfis of carbonat of lime and barytesXXXVU,P’ r’ 
be performed; and nearly in the fame manner with the 
fecopd, we may analyfe the fulphats of lime and barytes. ^ 

Phofphat of lime may be diffolved in muriatic a<;id,Phe>fphatsr 
and the lime precipitated by fulphuric acid, and its 
quantity afcertained by decompofing the fulphat of lime 
obtained. The liquid folution may be evaporated to 
the confiftence of honey, mixed with charcoal powder, 
and diftilled in a ftrong heat. By this means phofpho- 
rus will be obtained. The impurities with which the 
phofphat may be contaminated will partly remain undif- 
folved, and be partly diffolved, in muriatic acid. They 
may be detefted and afcertained by the rules laid down 
in the fecond fedlion of this chapter. 

The fluat of lime may be mixed with fulphuric acid 
and diftilled. The fluoric acid will come over in the 
form of gas, and its weight may be afcertained. What 
remains in the retort, which will confift chiefly of ful- 
phat of lime, may be analyfed by the rules already laid 
down. 

The borat of lime may be diffolved in nitric or ful-Andbo- 
phuric acid. The folution may be evaporated to dry-rats, 
nefs, and the boracic acid feparated from the refiduum 
by means of alcohol, which will diffolve it without a£t- 
ing on any of the other ingredients. The remainder 
of the dry mafs may be analyfed by the rules laid down 
in Seel. II. of this Chapter. 

Sect. III. Of the Analyfs of Comluflilles* 

The only combuftibles of whofe analyfis it will be 
neceffary to fpeak are coals and fulphur ; for the me- 
thod of analyfing the diamond and oil has already been 
given in the article Chemistry, Suppl. 

Coal is compofed of carbon, bitumen, and fome por-Earths of 
tion of earth. The earths may be detected by burning coa^ ^°'w' 
completely a portion of the coal to be analyfed. cxammed* 
allies which remain after incineration confiff of the 
earthy part. Their nature may be afcertained by the 
rules laid down in Seft. II. of this Chapter. 

For the method of afeertaining the proportion of 
carbon and bitumen in coal, we are indebted to Mr Kir- 

When nitre is heated red hot, and charcoal is thrown dete<5Hng 
on it, a violent detonation takes place; and if the quan-the relative 
tity of charcoal be fufficient, the nitre is completely de-P^°l’ortio1!8 

compofed. Now, it requires a certain quantity of pure^J ‘ 
carbon men. 
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Analyds < f carbon to decompcfe S givdn weight of nitre. From 

-Minerals. ^]ie experiments of Lavoilier, it follows that, when the 
s'“ v detonation is performed in clofe velfels under watei, 

13.21 parts of charcoal are capable of decompofing too 
parts of nitre *. But when the detonation is perform- 
ed in an open crucible, a fnialler proportion of chaicoal 
is neceffary, becaufe part of the nitre is decompofed by 
the a&ion of the furrounding air. Scheele found that 
under thefe circumftances 10 parts of plumbago were 
fufficient to decompofe 96 parts of nitre, and Mr Ivir- 
wan found that nearly the fame quantity of charcoal 
was fufficient for producing the fame effeft. 

Macquer long ago obferved, that no volatile oily 
matter will detonate with nitre, unlefs it be previoufly 
reduced to a charcoal; and that then its effedl upon nitre 
is precifely proportional to the charcoal which it con- 

f Macquer's tains f. Mr Kirwan, upon trying the experiment with 
DUlicnary, <vegetable pitch and maltha, found that thefe fubftances 

did not detonate with nitre, but merely burn upon its 
furface with a white or yellow flame ; and that after 
they were confumed, nearly the fame quantity of char- 
coal was neceflary to decompofe the nitre which veould 
have been required if no bitumen had been ufed at all 
Now coals are chiefly compofed of charcoal and bitu- 
men. It occurred -therefore to Mr Kirwan, that the 
quantity of charcoal which any coal contains may be 
afcertained by detonating it with nitre : For fmce the 
bitumen of the coal has no effed in decompofing nitre, 
it is evident that the detonation and decompofition 
mull be owing to the charcoal of the coal; and that 
therefore the quantity of coal neceflary to decompofe a 
given portion of nitre will indicate the quantity of car- 
bon which it contains : and the proportion of charcoal 
and earth which any coal contains being afcertained, its 
bituminous part may be eafdy had from calculation. 

The crucible which he ufed in his experiments was 
large : it was placed in a wind furnace at a diftanee 
from the flue, and the heat in every experiment was as 
equal as poffible. The moment the nitre was red hot, 
the coal, previoufiy reduced to fmall pieces of the fize 
of a pin head, was projeded in portions of one or two 
grains at a time, till the nitre would no longer deto- 
nate ; and every experiment was repeated feveral times 
to enfure accuracy. 

He found that 480 grains of nitre required 50 grains 
of Kilkenny coal to decompofe it by this method. 
Therefore 10 grains would have decompofed 96 of 
nitre ; precifely the quantity of charcoal which would 
have produced the fame effed. Therefore Kilkenny 
coal is compofed almoft entirely of charcoal. 

Cannel coal, when incinerated, left a refiduum of 
3.12 in the 100 parts of earthy afhes. 66.5 grains of 
it were required to decompofe 480 grains of nitre ; but 
50 parts of charcoal would have been fufficient : there- 
fore 66.5 grains of cannel coal contain 50 grains of 
charcoal, and 2.08 of earth ; the remaining 14.42 grains 
mull be bitumen. In this manner may the compofition 

Method of any oth€r c0£d be afcertained. 
analyfing As for fulphur, in order to afcertain any accidental 
fulphur. impurities with which it may be contaminated, it ought 

to be boiled in thirty times its weight of water, after- 
wards in diluted muriatic acid, and laftly in diluted ni- 
tro muriatic acid. Thefe fubllances will deprive it of 
all its impurities without ading on the fulphur itfelf, 
at lead ir the proper cautions be attended to. The 
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fulphur may then be diied and weighed. The defi-Analyfis ^ 
ciency in weight will mark the quantity of the fubftan- i

lVllrim^- 
ces which contaminate the fulphur. The folutions may 
be evaporated and examined, according to the rules laid 
down in the fecond and fourth fedions of this chapter. 

Sect. IV. Of the Analyfis of Ores. 

The. method of analyfing ores mull vary confider-^1* 
ably, according to the metals which they are fiifpeded^^'^ 
to contain. A general method, therefore, of analyfinganalyfmg 
would be of no ufe, even if it could be given, becaufeores. 
it would be too complicated ever to be pradifed. We 
ihall content ourfelves with exhibiting a fufficient num- 
ber of the analyfis of ores, to take in mod of the cafes 
which can occur. He who wifhes for more information 
on the fubjed, may confult the treatife of Bergman on 
the Analyfes of Ores ; Mr Kirwan’s treatife on the fame 
fubjed ; and, above all, he ought to dudy the nume- 
rous analyfes of ores which have been publiihed by Mr 
Klaproth. 

I. Analyfis of Red Silver Ore. 

Mr Vauquelin analyfed this ore as follows : Method of 
He reduced 100 parts of it to fine powder, poured analyfing 

over it 500 parts of nitric acid previoufly diluted with red fiber 
water, and applied a gentle heat to the mixture. Theore* 
colour of the powder, which before the mixture with 
nitric acid was a deep purple, became gradually lighter, 
till at lad it was pure white. During this change no 
nitrous gas was extricated ; hence he concluded, that 
the metals in the ore were in the date of oxides. 

When the nitric acid, even though boiled gently, 
did not appear to be capable of diffolving any more of 
the powder, it w-as decanted off, and the refiduum, af- 
ter being carefully wafhed, weighed 42.06. 

Upon thefe 42.06 parts concentrated muriatic acid 
was poured ; and by the application of heat, a confi- 
derable portion was diflolved. The refiduum was re- 
peatedly wadied with muriatic acid, and then dried. 
Its weight was 14.6666. One portion of thefe 14.6666 
parts, when thrown upon burning coals, burnt with a 
blue flame and fulphureous fmeil. Another portion 
fublimed in a clofe veffel without leaving any refiduum. 
In ftiort, they had all the properties of iulphur. There- 
fore 103 parts of red filver ore contain 14.6666 of ful- 
phur. 

The muriatic acid dilution was now diluted with a 
great quantity of water; it became milky, and deposited 
a white flaky powder, which when waflied and dried 
weighed 21.25. This powder, when heated with tar- 
tar in a crucible, was converted into a bluiih white brittle 
metal, of a foliated texture, and pofftffing all the other 
properties of antimony. Red filver ore, therefore con- 
tains 21.25 oxide of antimony. 

The folution in nitric acid remained now to be exa- 
mined. When muriatic acid was poured into it, a co- 
pious white precipitate appeared, which, when waffl- 
ed and dried, weighed 72.66. It had all the properties 
of muriat of filver. According to Mr Kirwan’s tables, 
72.66 of muriat of filver contain 60.57 -of oxide of fii- 
ver. Therefore red filver ore, according to this analyfis, 
is compofed of 60. ^ 7 oxide of filver, 

21.25 °xide of antimony, 
14.66 fulphur. 
96.48 

The 
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II. Antimoniated Silver Ore. 

Klaproth analyfed this ore as follows : 

4 
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On 100 parts of the ore, reduced to a fine powder, 
he poured diluted nitric acid, raifed the mixture to a 
boiling heat, and after pouring off the acid, added new 
quantities repeatedly, till it would diffolve nothing more. 
The refiduum was of a greyifh yellow colour, and 
weighed, when dry, 26. 

Thefe 26 parts he digefted in a mixture of nitric and 
muriatic acid ; part was diffolved, and part ftill remain- 
ed in the form of a powder. This refiduum, when 
wafhed and dried, weighed 13 parts. It had the pro- 
perties of fulphur ; and when burnt, left a refiduum of 
one part, which had the properties of filica. Antimo- 
niated filver ore, therefore, contains, in the 100 parts, 
12 parts of fulphur and 1 of filica. 

When the nitro-muriatic folution was diluted with 
about 20 times its weight of water, a white precipitate 
appeared ; which, when heated to rednefs, became yel- 
low. Its weight was 13. No part evaporated at a red 
heat: therefore it contained no arfenic. On burning 
coals, efpecially when foda was added, part was reduced 
to a metal, having the properties of antimony ; and in 
a pretty high heat, the whole evaporated in a grey 
fmoke. Thefe 13 parts were therefore oxide of antimo- 
ny : They contain about 10 parts of metallic antimo- 
ny ; and as the flate of oxide was produced by the ac- 
tion of the nitric acid, we may conclude that antimo- 
niated fjlver ore contains 10 parts of antimony. 

The nitric acid folution remained ftill to be exami- 
ned. It was of a green colour. When a folution of 
common fait was poured in, a white precipitate was ob- 
tained, which pofTeffed the properties of muriat of fil- 
ver. When dried, it weighed 87.75 parts; and when 
reduced, 65.81 parts of pure filver were obtained from 
it. Antimoniated fjver ore, therefore, contains 65.81 
of filver. 

Into the nitric acid folution, thus deprived of the 
filver, he dropped a little of the folution of fulphat of 
foda ; but no precipitate appeared. Therefore it con- 
tained no lead. 

He fuperfaturated it with pure ammonia, on which a 
grey precipitate appeared. When dried, it weighed 5 
parts. This, on burning coals, gave out an arfenical 
fmell. It was redifiblved in nitric acid ; fulphurated 
alkali occafioned a fmutty brown precipitate ; and pruf- 
lic alkali a pruffian blue, which, after torrefacbion, was 
magnetic. Hence he concluded, that thefe five parts 
were a combination of iron and arfenic acid. 

The nitric folution, which had been fuperfaturated 
with ^mmonia, was blue ; he therefore fufpe&ed that 
it contained copper. To difcover this, he faturated it 
with fulphuric acid, and put into it a polifhed plate of 
iron. The quantity of copper was fo fmall, that none 
could be colie tied on the iron. 

III. Grey Copper Ore. 

Klaproth analyfed this ore as follows : 
Three hundred grains of it, not completely freed from 

its matrix, were reduced to a fine powder ; four times 
their weight of nitric acid was poured on them, and the 
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whole was digefted. The acid was then poured■ off, Analyfis ot 
and an equal quantity again digefted on the refiduum. Mineral^ 
The two acid folutions were mixed together. The re- " v”"" 
fiduum was of a yellowilh grey colour, and weighed 
188 grains. 

On this refiduum fix times its weight of muriatic acid 
was boiled. The refiduum was waftied, firft with mu- 
riatic acid, and afterwards with alcohol, and the waih- 
ings added to the muriatic acid folution. The refidu- 
um, when dried, weighed 105.5 grains. Part of it 
burned with a blue flame ; and was therefore fulphur. 
The refiduum amounted to 80.25 grains, and had the 
properties of filica. When melted wu'th black flux, 
about |ths of a grain of filver were obtained from it. 
Thus 300 parts of grey copper ore contain 25.25 gr. 
of fulphur, and 79.5 of filica. 

The muriatic acid folution, which was of a light yel- 
low colour, was concentrated by diftillation, a few cry- 
ftalls of muriat of filver appeared hr it, which contained 
about 3th grain of filver. The folution, thus concen- 
trated, was diluted with a great quantity of water ; a 
white precipitate w-as depofited, which, when dried, 
weighed 97.25 grains. It poffefled the properties of 
oxide of antimony, and contained 75 grains of antimo- 
ny. Therefore 300 grains of grey copper ore contain 
70 of antimony. 

The nitric acid folution was of a clear green colour. 
A folution of common fait occafioned a white precipi- 
tate, which was muriat of filver, and from which 31.5 
grains of filver were obtained. 

A little fulphat of polafs, and afterwards fulphuric 
acid, were added, to lee whether the folution contained 
lead ; but no precipitate appeared. 

The folution w'as then fuperfaturated with ammonia ; 
a loofe fleaky browmifh red precipitate appeared, which, 
when heated to rednefs, became brownifli black, and 
weighed grains. This precipitate was diffolved 
in muriatic acid ; half a grain of matter remained un- 
diffolved, which was filica. The muriatic acid folution, 
when pruflic alkali was added, afforded a blue precipi- 
tate ; and foda afterwards precipitated 1.5 grains of alu- 
mina. Therefore 300 grains of grey copper ore con- 
tain 7.25 grains of iron, and 1.5 of alumina. 

Into the nitric folution fuperfaturated with ammo- 
nia, and which was of an azure blue colour, a polifhed 
plate of iron was put : By this method 69 grains of 
copper were obtained. 

IV. Sulphuret of Tin. 

Klaproth analyfed this ore as follows * : * Obfervi 
On 120 grains of the me reduced to powder, fix/;0«j on the 

times their weight of nitro-muriatic acid, cornpofed of «f 
2 parts of muriatic, and 1 of nitric acid, were poured. <orn'lvalli 
There remained undiffolved 43 grains, which had the^'4^j? 
appearance of fulphur; but containing green fpots, was Analytis of 
fufpccted not to be pure. After a gentle combuftionjulphuret 
13 grains remained ; 8 of which were diffolved in nitro-0^tin‘ 
muriatic acid, and added to the firft folution. The re- 
maining 5 were feparated by the fibre, and heated 
along with wax. By this method about a grain of mat- 
ter was obtained, which was attracted by the magnet; 
and which therefore was iron. The refiduum weighed 
3 grains, and was a mixture of alumina and filica. Thus 
t 20 grains of fulphuret of tin contain 30 grains of ful- 
phur, 1 of iron, and 3 of alumina and filica. 

K k The 
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Analyfis of The nitro muriatic folution was completely precipi- 
Minerals. tated b potafs> The precipitate was of a greyifh green 

colour. It was wafhed and dried, and again diffolved 
in diluted muriatic acid. Into the folution a cylinder 
of pure tin was put, which weighed exadly 217 grains. 
The folution became gradually colourlefs, and a quan- 
tity of copper precipitated on the cylinder of tin, which 
weighed 44 grains. To fee whether it was pure, a 
quantity of nitric acid was digcfled on^it; the whole 
was diffolved, except one grain of tin. Therefore 120 
grains of fulphuret of tin contains 43 grains of copper. 
^ The cylinder of tin now Weighed only 128 grains; 
fo that 89 grains had been diffolved. Into the folution 
a cylinder of-zinc was put ; upon which a quantity of 
tin precipitated. When wafhed and dried, it weighed 
1 30 grains. The tin he melted with tallow and pow- 
dered charcoal; and when cold, he wafhed off the char- 
coal. Among the tin globules were found feme black 
fkrcculi of iron, which weighed one grain. Deducting 
this grain, and the 89 grains of the tin cylinder which 
had been diffolved, we fee that the 20 grains of ful- 
phuvet of tin contained 40 grains of tin betides the grain 
which had been detefted in the copper. 

A L O G Y. Chap, IV, 
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V. Plumbiferous Antimoniated Silver Ore. 

Analyfis of Klaproth analyfed this ore as follows : 
plumbife- He digefted 400 grains of it, reduced to a fine pow- 
rous anti- der^ qrq. jn bve times its weight of nitric acid, and then 

filverore. in twice its weight of the fame acid. He then diluted 
this laft portion of acid with eight times its weight of 
water, and continued the digeflion. The undiffolved re- 
hduum, when wafhed and dried, weighed 326 grains. 

On this refiduum he boiled muriatic acid repeatedly. 
The folution, on cooling, depofited acicular cryftals. 
Thefe he carefully feparated, and put by. The undif- 
folved refiduum weighed 51 grains. It had the pro- 
perties of fulphur. When burned, it left one grain of 
fdica. 

The muriatic acid folution was concentrated to half 
its former bulk by diflillation : this made it depolite 
more acicular cryftals. He continued the diftillation 
as long as any cryftals continued to appear. He then 
collefted the whole of thefe cryftals together. They 
had the properties of muriat of lead. When mixed 
with twice their weight of black flux, and heated in a 
crucible lined with charcoal, they yielded i6o-£ grains 
of lead. 

Sulphuret of ammonia was now added to the muria- 
tic acid folution ; an orange-coloured precipitate ap- 
peared, which fhewed that the folution contained anti- 
mony. It was precipitated by a copious effufion of 
water, and by foda. The oxide of antimony being re- 
duced to a mafs with Spaniih foap, mixed with black 
flux, and heated in a lined crucible, yielded 28.5 grains 
of antimony. 

Into the nitric acid folution, obtained by the firft part 
of the procefs, a folution of muriat of foda was drop- 
ped ; a white precipitate was depofited, and over it aci- 
cular ci'yftals. Thefe cryftals he diffolved, by pouring 
boiling water on the precipitate. The water was add- 
ed to the nitric acid folution. The white precipitate 
was muriat of filver : when heated with twice its weight 
of foda, it yielded 81.5 grains of filver. 

He now concentrated the nitric acid folution by eva- 

poration; and then adding a folution of fulphat of foda, Analyfis 0f 
a white precipitate wis obtained, which had the pro- 
perties of fulphat of lead, and weighed 43 grains. It 
contained 32 grains of pure lead. 

He now poured ammonia into the folution ; a pale 
brown precipitate was obtained, which weighed 40 
grains, and which appeared to con lift of oxide of iron 
and alumina. He rediffolved it in nitric acid, precipi- 
tated the iron by pruflic alkali, and the alumina by fo- 
da. The alumina, after being heated to rednefs, weigh- 
ed 28 grains ; confequently the oxide of iron was i 2 
grains, which is equivalent to 9 grains of iron. 

VI. Molybdat of Lead. 

Mr Hatchett analyfed this ore as follows* : # 
On 250 grains of the ore, reduced to a fine powder, <Tranf. 

he poured an ounce of ftrong fulphuric acid, and digeft-lxxxvL32o. 
ed the mixture in a ftrong heat for an hour. When ^ 
the folution was cool, and had fettled, he decanted ^ rnoiy|)(j1, 
off, and wafhed the undiffolved powder with pure wa-0fiead. 
ter, till it came away taftelefs. This operation was re- 
peated twice more ; fo that three ounces of fulphuric 
acid were ufed. All thefe folutions were mixed toge- 
ther, and filtered. 

Four ounces of a folution of carbonat of foda were 
poured upon the powder which remained undiffolved, 
and which confifted of fulphat of lead. The mixture 
was boiled for an hour, and then poured off. The 
powder was then wafhed, and diluted nitric acid poured 
on it : The whole was diffolved, except a little white 
powder, which, when wafhed, and dried on a filter by 
the heat of boiling water, weighed feven-tenths of a 
grain. It poffeffed the properties of filica. 

The nitric acid folution was faturated with pure fo- 
da ; a white precipitate was obtained, which, when 
wafhed, and dried for an hour in a heat rather below 
rednefs, weighed 146 grains. It poffefied the proper- 
ties of oxide of lead. 

To fee whether this oxide of lead contained any iron, 
it was diffolved in diluted nitric acid, and the lead pre- 
cipitated by fulphuric acid. The folution was then fa- 
turated with ammonia ; a brown powder precipitated, 
which, when dried, weighed one grain, and had the 
properties of oxide of iron. 

The fulphutic acid folution was of a pale blue colour: 
It was diluted with 16 times its weight of pure water, 
and then faturated with ammonia. It became of a deep 
blue colour, and appeared turbid. In 24 hours a pale 
yellow precipitate fubfided, which, when colle&ed on a 
filter, and dried by a boiling water heat, weighed 4.2 
grains. Its colour was yellowifh brown. Muriatic acid 
diffolved it, and pruffiat of potafs precipitated it from 
its folution in the ftate of pruflian blue. It was there- 
fore oxide of iron. 

The fulphuric acid folution, faturated with ammonia, 
was gradually evaporated to a dry fait. This fait was 
a mixture of molybdat of ammonia and fulphat of am- 
monia. A ftrong heat was applied, and thq diftillation 
continued till the whole of the fulphat of ammonia was 
driven off; and to be certain that this was the cafe, 
the fire was raifed till the retort became red hot. 1 he 
refiduum in the retort was a black bliftered mafs; three 
ounces of nitric acid, diluted with water, were poured 
upon it, and diftilled off. The operation was again re- 

peated. 



‘Jour, de 
(in. NJ 

ii. p. 12. 
31S 

nalyfis of 

hap. IV. MINE R 
:alyOs of peated. By this method the oxide of molybdenum was 
[inerals. converted into a yellow powder, which was yellow acid 

0f molybdenum. It weighed 95 grains. 

VII. Grey Ore of Manganefe. 
Mr Vauquelin analyfed this ore as follows *. 
When 200 grains of it were expofed to a ftrong heat 

in a retort, there came over 10 grains of water, and 18 
cubic inches of oxygen gas, mix^d with a little carbo- 

y ore "j nie acid gas. The mineral now weighed only 176 grains, 
aiiganefe.Therefore the weight of the gas was 14 grains. 

On 200 grains of the fame mineral muriatic acid was 
poured, and heat applied. 75; cubic,inches of oxy-mu- 
riatic acid gas came over, which, though mixed with 
fome carboqic acid gas, enflamed metals when reduced 
to powder. When no more gas c^me over, the rdidu- 
um was boiled. The whole was diilblved except a white 
powder, which weighed 12 grains, and which poffefled 
the properties of filica. 

Carbonat of potafs was poured into the folution ; a 
white precipitate was obtained, which became black by 
expofure to the air, and weighed 288 grains. Strong 
nitric acid was boiled on it repeatedly to drynefs. It 
became of a deep black colour, and, when well wafhed 
with water and dried, weighed 164 grains. This pow- 
der was black oxide of manganefe. 

To fee whether it contained iron, nitric aeid, with a 
little fugar, was poured upon it, and digefted on it. The 
acid diffolved it completely. Therefore no oxide of iron 
was prefent. 

Into the water with which the black oxide of man- 
ganefe had been wafhed, carbonat of potafs was pour- 

- ed ; a white powder precipitated, which, when dried, 
weighed 149 grains, and which poflbffed the properties 
of carbonat of lime. 

VIII. Wolfram. 
329 Mefirs Vauquelin and Hecht analyfed this mineral as 

| ^nalyfis of follows : 
parts of Wolfram in powder, three times its 

weight of muriatic acid were poured, and the mixture 
boiled for a quarter of an hour : a yellow powder ap- 
peared, and the folution was of a brown colour. The 
acid was allowed to cool, and then carefully decanted 
off, and the refiduum wafhed. The refiduum was then 
digefled for fome hours with ammonia, which diffolved 
a part of it. The refiduum was wafhed, and new mu- 
riatic acid again poured over it; then the refiduum was 
digefled with ammonia, as before : and the operation 
was continued till the whole wolfram was diflblved. 

All the ammoniacal folutions being joined together, 
were evaporated to drynefs, and the fait which remain- 
ed was calcined : a yellow powder was obtained ; it 
weighed 134 grains, and was yellow acid of tungflen. 

Into the muriatic acid folutions, which were all mix- 
ed together, a fufficient quantity of fulphuric acid was 
poured to decompofe all the falls. The folution was 
then evaporated to drynefs ; and the falls which were 
obtained by this evaporation were rediffolved in water. 
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A white powder remained, which weighed three grains, Analyfis of 
and which poffeiTed the properties of filica. Mmerai-i^ 

The excefs of acid of the folution was faturated with 
carbonat of potafs ; the liquor became brown, hut no- 
thing precipitated. When boiled, a red powder preci- 
pitated, and the brown colour difappeared. The ad- 
dition of more carbonat of potafs caufed a farther pre- 
cipitation of a yellowifii powder. This precipitate con- 
fided of the oxides of iron and manganefe combined. 
Nitric acid was diflilled off it repeatedly ; it was then 
boiled in acetous acid. The acetous folution was pre- 
cipitated by potafs. Nitric aeid was again diftilled oft’ 
it, and it was again boiled in acetous acid. This pro- 
cefs was repeated till nitric acid produced no further 
change. The different powders which could not be 
diflblved in the acetous acid were collected, mixed with 
a little oil, and heated red hot. The powder became 
black, and was attrafted by the magnet. It was there- 
fore oxide of iron- It weighed 36 grains. 

The acetous folution contained the oxide of manga- 
nefe : It was precipitated by an alkali, and, when dried, 
weighed 12.5 grains. 

IX. Oxide of Titanium and Iron. 
Vauquelin analyfed this ore as follows: 33° 
A hundred parts of the ore, reduced to a fine paw- 'Jf t

0;_ 
der, and mixed with 400 parts of potafs, were melted uniumand 
in a filver crucible for an hour and a half. When cuol, iron, 
the mixture was diluted with wa^er ; a powder remain- 
ed of a brick red colour, which wnen wafhed and dried 
weighed 124 parts. 

The watery folution had a fine green colour ; when 
an excefs of muriatic acid was added, it became red. 
By evaporation the liquor loft its colour. When eva- 
porated to drynefs, a fait remained, which was totally 
diflblved by water. From this folution carbonat of pot- 
afs precipitated two parts, which had the properties of 
oxide of manganefe. 

The j 24 parts of refiduum were boiled in a folution 
of pure petals for an hour. The folution was faturated 
with an acid, filtered, and carbonat of potafs added, 
which precipitated three parts. Thefe had the proper- 
ties of oxide of titanium. 

The remainder of the 124 parts of refiduum, which 
Hill was undiffolved, was boiled with diluted muriatic 
acid. The liquor became yellow, and depolited 46 parts 
of a white powder, with a tint of red. This powder 
was foluble in fulphuric and muriatic acids: from thefe 
folutions, it was precipitated of a brick red colour by 
the infufion of nut-galls ; of a green colour by fulphu- 
ret of ammonia and prufiiat of potafs ; and of a white 
colour by carbonat of potafs and pure ammonia. A 
rod of tin made thefe iblutions red ; a rod of zinc made 
them violet.” Thefe 46 parts therefore are oxide of ti- 
tanium. 

The muriatic folution, from which thefe 46 parts 
were depofited, formed, with prufiiat of potafs, a pruf- 
fian blue ; and ammonia precipitated from it 50 parts, 
which had the properties of yellow oxide of iron. 

Kk 2 INDEX. 
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I N D E X 

A. 
ACINOSE iron ore, n° 225. 

^ AclinoTite, fiiorlaceous, 89. 
 lameller, 99. 
 glaffy, pi. 

ABinote, 52. 
Adamantine fpar, 26. 
jEchlite, 65. 
Mutes, 225. 
Agaric mineral, 96. 
Agate, Iceland, 55. 
Aigue marine, 36. 
Alumina, native, 27. 
Amalgam, native, 197* 
Amber, 178. 
Amiantus, 85. 
Amphibole, 53. 
Amygdaloid, 137. 
Analcime, 68. 
Andreolite, 62. 
Anthracite, 165. 
Anthracolite, 165. 
Antimoniatfd filver ore, 186. 

188. 
Antimony, native, 248. 
——   grey ore of, 249. 
Apatite, 98. 
.//57/a marina, 36. and 6r. 
Argillaceous iron ore, 225. 
Argillite, 79. 
Arfeniat of lead, 24T. 
Arfenic, native, 257. 
Arfenio-phofphat oi \e'A&, 242. 
Afbejlinite, 86. 
AJbejloid, 88. 
Ajbejlus, 83. 
Afphalt, 171. 
Auriferous native fdver, 181. 
Auripigmentum, 258. 
Axinite, 71. 
Azure de cuivre, 210. 

B. 
Balafs ruby, 28. 
Barofelenite, 104. 
Barytes, carbonat of, 103. 
   fulphat of, 104. 
Bafanite, 93. 
Bafaltine, 32. 
Beryl, 61. 
Bitumen, 166. 
•  elaftic, 172. 
Bfmuth, native, 254. 

• ochre, 256. 
Black chalk, 123. 
Blackijh o&ohedral iron ftone, 

220. 
Blende, 245. 
Blue calx of copper, 2X0. 
Bole, 118. 
Boracite, ICO. 
Breccia, 138. 
Brick red copper ore, 208. 

Briitlcnefs, n° 12. 
Brown iron ore, 223. 

c. 
Calamine, 246. 
Calc form filver ore, 190. 
Cannel coal, 17 1. 176. 
Carbon, 162. 
Carbonat of lead, 239. 
Cat’s eye, 33. 
Celejline, 107. 
Ceylanite, 29. 
Chalk, 96. 
Chalcedony, 42. 
Chert, 41. 
Chlorite, 77. 
Chryfobertl, 63. 
Chryfolite, 83. 98* 
 oriental, 63. 
Chryfoprafmm, 33. 
Cinnabar, native, 198. 
Clay, 114. 127. 

porcelain, 115. 
   common, 116. 
 potters, 116. 
Coal, 173. 
  cannel, 171. 
•—— Kilkenny, 164. 
•  parrot, 171. 176. 
 — fpurious, 177. 
Cobalt ore, black, 263. 
 brown, 264. 
 dull grey, 261. 
 red, 266. 
 white, 262. 
 yellow, 265. 
Colour, 8. 
Columnar iron ore, 225. 
Copper, pyrites, 205. 
—— malm, 208. 
  ochre, 208. 

Corivindum, 26. 
Cork, mountain, 83. 
Cornelian, 42. 
Corneous mercury, 2op. 
•   lilver ore, 192. 
Corundum, 26. 
Culm, Wales, 164. 
Cupriferous fulphurated filver 

ore, 189. 
Cyunite, 63. 
Cymophane, 74. 

D. 
Delphinite, 73. 
Diamond, 163. 
Dudility, I 2. 

E. 
Eagle ftone, 225. 
Emerald, 61. 
Emery, 2X8. 

F. 
Feel, 1 7. 
Felfite, 57. 

Felf par, n° 58. 
   argentine, 49. 
Fer oligifie, 221. 
— pyrocete, 222. 

Flint, 32. 
Florid red copper ore, 208. 
Fluor, 99. 
Fra dure, 13. 
Fragments 16. 
Fuller’s earth, 119. 

G. 
Galena, 233. 
Gangue, page 244, note. 
Garnet, n° 70. 

•   white, 60/ r 

Glacies maria;, 50. 
Gneifs, 140. 
Gold, native, 182. 
Granatine, 142. 
Granatite, 47. 
Granilite, 144. 
Granite, 138. 
Gr unit ell, 143. 
Granular iron ore, 225. 
Graphite, 217. 
Green earth, 123. 
  fand of Peru, 209. 
Grey copper ore, 207. 
Gypfurn, 97. 

H. 
Fdamatites, 223. 224. 
Hardnefs, 11. 
Hepatic mercurial ore, 199. 
Hornblende, 53. 
■ bafaltic, 52. 
  refplendent, 54. 
Horn/late, 40. 
Hornflone, 41. 
 (hiilofe, 92. 
Hyacinth, 93. 
  blanche cruciforme, 

62. 
Hyalite, 64. 
Hydrofulphuret of antimony, 

251. 
I. 

fade, 84. 
Jargon, 93. 
Jafper, 43. 
Jet, 174. 
Iron ore, 214. 

K. 
Kiffekil, 8l. 
Kraggjlone, 150. 
Kupfer lazur, 210. 

nickel, 267. 
L. 

Lapis nephriticus, 84. 
•   lazuli, 69. 
J^ava, 152. 
Lazulite, 69. 
Lead ochre, 238. 

- J^epidolite, 39. 
Leucite, 60. 
Lilalite, 59. 
Lime, borat of, 100. 
  carbonat of, 96. 
  fluat of, 99. 
  phofphat of, 98. 
  fulphat of, 97. 
Limejlone, 96. 
Lithomarga, 117. 
Loam, 128. 
Lowland iron ore, 226. 
Lujlre, 10. 
Lydian Hone, 92. 

M. 
Magnetic iron ftone, 22©. 
  fand, 220. 

Malachite, 211. 
Maltha, 170. 
Manganefe, black or brown ore 

of, 273. 
   grey ore of, 272. 
 red ore of, 275. 
 white ore of, 274, 
Marl, 124. 
Meadow lowland ore, 226. 
Menachanite, 284. 
Menalites, 34. 
Mercury, 195. 
Mica, 30. 
Micaceous iron ore, 221. 
Micarell, 45. 
Mineral caoutchouc, 172. 
  pitch, 170. 
   tar, 169. 
Molybdena, 279. 
Molybdat of lead, 243. 
MoraJJy iron ore, 227. 
Mould, 125. 
Mountain blue, 210. 

•  green, 211. 
Mountains, different, p. 24c, 

note. 
Mullen, 149. 
Muriat of antimony, 232, 
Mufcovy glafs, co. 
Myrfen, 81. 

N. 
Naphtha, 167. 
Nickel ochre, 268. 

O. 
Obfidian, 55. 
Olive copper ore, 213. 
Olivine, 83. 
Opal, 33. 
Orpiment, 258. 
Oviform, 96. 
Oxygenated carbonat of copp^i 

211. 
P. 

Pechblende, 280. 
Peridot, 83. 

Pelrilii 
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: etrilite, n° 56. 
I 'etroleum, 168. 

'etrofilex, 41. 
I^hofphat of lead, 240. 

}hofphorite, 98. 
yurre a fufil, 32. 
—- de croix, 47. 
^ifform, 225. 
Oitchjiorie, 34. 
0latlnum, native, 193. 
^lumbago, 217. 
Dlumbiferoits antimoniated filver 

ore, 234v 
Vlumofe antimonial ore, 250. 
Porphyry, 151. 
  fhiftofe, 40. 
Potjlone, 76. 
Prehnite, 72. 
D udding-J1 one, 136. 
Pumice, 157. 
Puzzolano, 56. 
Pyrites, 216. 
Pyromachus, 32. 
Pyroxen, 87. 

Quartz, 30. 
  - elaftic, 3 1. 

R- "Realgar, 259. 
Red antimonial ore, 251. 
 chalk, 121. 
  copper glafs, 208. 
 iron ore, 224. 
—— lead ore of Siberia, 289. 

MINER 
Red filver ore, n° 191. 
Reddle, 121. 
Rock cryftal, 30, 
Rubellite, 39. 
Ruby, 28. 
  balafs, 28. 
 Bohemian, 30. 
  occidental, 36. 
- - - odfohedral, 28. 
— — oriental, 25. 
  fpinell, 28. 

S. 
Sagenite, 283. 
Sand, 127. 
Sandjlone, 131. 
Sappare, 74. 
Sapphyr, oriental, 25. 
   occidental, 36. 
Scapiform iron ore, 225. 
Seafroth, 8 I. 
Selenite, 97. 
Serpentine, 75. 
Shiller fpar, 54. 
Shi/lus, argillaceous, 79. 
Shorl, 46. 
  green, 73. 
  prifmatic hexagon, 52. 
  red, 39. 283. 
Shorlite, 38. 
Sienile, 142. 
Silex, 32. 
Siliceous fpar, 78. 
Silver, native, 184. 
Sinople, 30. 

A L O G Y. 
Slate, n° 79. 
Smaragdite, 80. 
Sommite, 37. 
Sound, 18. 
Sparry iron ore, 227. 
Specular iron ore, 221. 
  laminated, 222. 
Spinell, 28. 
Staurolite, 62. 
Staurolithe, 47. 
Staurotide, 47. 
Steatites, 82. 
Stilbite, 67. 
Streak, 9. 
Strontites, carbonat of, 106. 
  fulphat of, 107. 

Structure, 15. 
Sulphat of lead, 244. 
 zinc, 247. 
Sulphur, 161. 
Surface, 6. 
Swampy iron ore, 226. 
Sivinejlone, 96. 

T. 
Talc, 51. 
Ralcite, 51. 
Relefia, 25. 
’Texture 14. 
Thallite, 73. 
Thumerjlone, 71. 
Till, 129. 
Tin pyrites, 23 I. 
Tinjlone, 232. 

26l 
Titanite, no 283. 
Topaze, ancient, 83. 
   falfe, 30. 
•  occidental, 36. 
 — oriental, 25. 
  Saxon, 36. 
Tourmaline, 48. 
Tranfparency, 7. « 
Trap, 146. 
Tripoli, 44. 
Tufa, teftaceous, 96. 
Tungsten, 277. 

V. 
Vefuvian, 6o. 
Vitreous filver ore, 187. 
 copper ore, 204. 
Volcanic 158. 
Vranitic ochre, 281. 

W. 
Wacken, 148, 
White copper ore, 203. 
  lead fpar, 239. 
Witherite, 102. 
Wolfram, 276. 
Woodtin, 232. 

Y. 
Tanolite, 71. 
Tellovu chalk, 122. 
■  copper ore, 208, 

Z. 
Zeolite, 66. 
Zellertite, 52. 
Zircon, 93. 

M I R 
Mirabeau. M1RABEAU (Honnore Gabriel, Compte de), well 

known both by his writings and the aftive part which 
he took in bringing about the French revolution, was 
born in 1749 of a noble family. Throughout life he 
difplayed a fpirit averfe from every reftraint, and was 
one of thofe unhappy geniufes in whom the moll bril- 
liant talents ferve only as a fcourge to themfelves and 
all around them. It is told by his democratical pane- 
gyrifts, as a wonderful proof of family tyranny under 
the old government, that not lefs than 67 lettres de ca- 
chet had been obtained by Mirabeau the father againft 
this fon and others of his relatives. This (lory, if true, 
proves, with at leaft equal force, what many anecdotes 
confirm, that, for his (hare of them, the fon was not 
lefs indebted to his own ungovernable difpofition than 

^ to the feverity of his parent. He was indeed a monfter 
of wickednefs. Debauchery, gaming, impiety, and eve- 
ry kind of fenfuality, were not enough for him. He 
was dellitute of decency in his vices ; and to fupply his 
expences, fcrupled not to perform tricks which would 
difgrace a thief-catcher. His father and mother difa- 
greeing, commenced a procefs of feparation ; when Mi- 
rabeau, juft liberated from prifon for a grofs mifde- 
meanor, was in wart of money. He went to his father, 
Tided with him againft his mother, on whom he poured 
a torrent of invedlives ; and, for 100 guineas, wrote his 
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father’s memorial for the court. He then went to his Mirabeau; 
mother; and by a fimilar condudl got the fame fum 
from her ; and both memorials u'ere prefented. That 
the father of fuch a man fhould frequently get him 
ftiut up in prifon, can excite no furprife ; for confine- 
ment only could withhold him from the perpetration of 
crimes. 

The talents of Mirabeau led him frequently to. em- 
ploy his pen ; and his publications form the chief epo- 
chas of his life. His firft publication was, 1. Effai fur 
le Defpotifme, “ An Effay on DerpoUfm,” in 8vo. 
Next, in one of his confinements, he wrote, 2. a woik 
in two vols 8vo, On Lettres de Cachet. 3. Cotfiderations 
fur rOrdre de Cincinnatus, 8vo. A remoUftrance againft 
the order of Cincinnatus, propofed at one time to be 
eftablifhed in America. The public opinion in Ame- 
rica favoured this remonftrauce, and it proved effediual. 
4. His next work was in favour of the Dutch, wTen 
Jofeph II. demanded the opening of the Sheldt, in be- 
half of the Brabangqns. It is entitled, Doutes fur la 
Liberie de I’Efcant, 8vo. 5. Lelire dt l’Empereur Jo- 

feph II. fur fon Reglement concernant I Emigration ; a 
pamphlet of forty pages, in 8vo. 6. De la Caijfe 
d"1 Efcompte ; a volume in 8vo, written againft that eft-a- 
blilhment. 7. De la Banque d’Efpagne, 8vo ; a remon- 
ftrance againft eftablifhing a French bank in Spain. A 

controverfy 
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Mirahesu- controverfv anfing '■upon this lufcjeft, he wrote *i-gain 

  v 1 Up0n it. 8. Two pamphlets on the monopoly ot the 
water company in Paris. 

Soon after the publication of thefe works, he was 
fent in a public ehara&er to the court of/Berlin ; where 
he conducted the king’s afiairs juft as he had formerly 
done thofe of his father and mother, fully ready to fa- 
crifice all parties, and to fell himfeif to the higheft bid- 
der. With fuch a difpofition, he could not long avoid 
the notice of the Pruflian illuminees; and Nicolai Bief- 
ter, Gedicke, and Leuchfenring, foon became his con- 
llant companions. At Brunfwick he met with Mau- 
villon, the worthy difciple of Philo Knigg, and at that 

v time a profeflbr in the Caroline college. This was the 
man who initiated the profligate Marquis in the lalt 
myfteries of illuminifm. _ 

Mirabeau was ftill at Berlin when Frederick II. die . 
That monarch, as is well known, was a naturalift, who, 
holding this life for his all, encouraged the propagation 
of infidelity in his dominions, from which relulted the 
very worft confequences to the peace of fociety. Of 
this truth his fucceffor Frederick William was. duly fen- 
flbleand determined to fupport the church eftabhfh- 
ment in the moll peremptory manner, conliftent with 
the principles of religious toleration. He publiflied, 
therefore, foon after his acceflion, an edi£t on religion, 
which is a model worthy of imitation in every country ; 
but it was attacked with the greateft virulence in num- 
berlefs publications. It was called an unjuftifiable ty- 
ranny over the confciences of men ; the dogmas fup- 
ported by it were termed ablurd fuperftitions *, the 
king’s private charadler and his religious opinions were 
ridiculed and fcandaloufly abided. I he moft daring of 
'thefe attacks was a collection of anonymou? letteis on 
the conftitution of the Pruflian ftates, univerfally be- 
lieved to be the compolition of Mirabeau, who certainly 
wrote a French tranflation, with a prelace and notes 
more impudent than the work itfelf. The monarch is 
declared to be a tyrant ; the people of the Pruflian do- 
minions are addreffed as a parcel of tame wretches, 
crouching under oppreffion ; and the inhabitants of Si- 
lefla, reprefented as ftill in a worfe condition, are re- 
peatedly called upon to roufe themfelves, and aflert their 
rights. 

About this time he publiihed, 9. An Efai fur le 
SeSe des Illumines ; one of the ftrangeft and moft impu- 
dent books that ever appeared. In it he defcribes a 
fed exifting in Germany, called the Illuminated; and 
fays, that they are the moft abfurd and grofs fanatics 
imaginable, waging war with every appearance of rea- 
fon, and maintaining the moft ridiculous fuperjlitions. 
He gives fome account of thefe, and of their rituals 
and ceremonies, as if he had feen them all; yet no 
fuch fociety as he defcribes ever exifted : and Mirabeau 
employed his powers of deception, merely to fcreen 
from obfervation the real illurninati, by holding out to 
the rulers of ftates this ignis fatuus of his own brain. 
For a while the efiay certainly contributed to blind the 
eyes of the German princes ; and Nicolai, with others 
of the junto, adopting the whim, called Mirabeau’s fa- 
natics Obfcuranten, and joined with him in placing on 
the lift of Obfcuranttn feveral perfons whom thfey wilhed 
to make ridiculous. 

Long before his initiation in the myfteries of illu- 
tninifm, Mirabeau had been acquainted with all the re- 
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volutionary powers of the tnafonic lodges; nor did he, MAbean 
when initiated, undervalue thafe which flowed, or might v-'~- 
flow, from Weilhaupt’s inventive genius. On his re- 
turn to France, he began to .introduce the new m.yfte- 
ries among fome of his maftmic brethren. His firft af- 
fociate was the Abbe Talleyrand de Perigord, who had 
already begun to a£l the part of Judas in the jivft order 
of the church. But to have only introduced the my- 
fteries was not fufficient for the Marquis; he would 
have teachers come from Germany, who were .better 
verfed than he was in the illutninizing arts. Well ac- 
quainted with the reafons that had indueed .the chiefs 
of the order to defer the eonverflon of France, fie 
found means to convince them, that the time was now 
come for the accomplHhment of their views ; and at his 
requeft a deputation was fent by Spartacus to illumi- 
nize that great kingdom. See Illuminati, n° 4Q, 
41, Suppl. 

When the afiembly of Notables was convened at Pa- 
ris, Mirabeau foretold that it would foon be followed 
by a meeting of the States ; and at that period he pub- 
lilhed a volume againft the .ftockjobbing, then carried to 
a great height, intitled, 10. Denonciation de l’agiotage 
au Rot, et a .Uffemllje de .Notables, 8vo. A lettre de 
cachet was iflued againft him in confequence of this pub- 
lication ; but he eluded purfuit, and publifhed a pam- 
phlet as a feqnel to the book. His next work wa^ 
againft M. Necker, u. Lettre a M. de Cretelle, fur 
VAdminijlralion de M. Necker, a pamphlet in 8vo. .1,2. 
A volume in 8vo, againft the Stadtholderlhip: Aux 
Bataves, fur le Siadthouderat. 13. Obfervations fur la 
maifon deforce appelle Bicetre, an 8vo pamphlet. 14. 
Another tradl, intitled, Confeils a un jeune Prince qui 
fent la necefjite de refaire fon education. 15. He now 
proceeded to a larger and more arduous work than any 
he had yet publifhed, on the Pruffian monarchy under 
Frederick the Great : De la Monarchic Prujfienns fous 
Frederic le Grand, 4 vols, 4to, or eight in Svo. In 
this work he undertakes to define precifely how a mo- 
narchy fli.ould be conftituted. When the orders were 
iffued for convening the States-general, Mirabeau re- 
turned into Provence; and at the fame time publifhed, 
16. Hijloire Secrette de la Cour de Berlin, two volumes 
of letters on the Secret Hiltory of the Court of Berlin. 
This work was condemned by the parliament of Paris, 
for the unreferved manner in which it delivered the cha- 
radlers of many foreign princes. As the tledlions pro- 
ceeded, he offered himfelf a candidate in his own order 
at Aix ; but he was fo abhorred by the nobleffe, that 
they not only rejefled him, but even drove him from 
their prefence. This affront fettled his mealures, and 
he determined on their ruin. He went to the commons, 
difclaimed his being a gentleman, fet up a little fhop in 
the market-place of Aix, where he fold trifles ; and now 
fully refolved what line he fhould purfue, he courted 
the commons, by joining in all their exceffes againft the 
nobleffe, and was at lalt returned a member of the af- 
fembly. 

In confequence of this, he.went to Paris ; where the 
part he took was adtive, and fuch as tended, in general, 
to accelerate all the violences of the revolution. He 
now publifhed, periodically, 17. his Lettres a fes Com- 
mettans,Letters to his Conftituents, which form, when 
colleded, 5 vols 8vo. It is fuppofed, that the fatal 
meafure of the jundtion of the three orders into one na- 
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abeau, tional affembly, was greatly promoted by tbefe letters. 
jftral The public events of thefe times, and the part taken in 

’them by Mirabeau, are the fubjeft of general hiftory. 
He lived to fee the conftitution of 1789 eftablilhed, but 
not to fee its confequences—the deftruftion of the mo- 
narchy, the death of the king, and the ruin of all pro- 
perty ! He was accufed, as well as the duke of Or- 
leans, of hiring the mob which attacked Veriailles on the 
cthand 6th of October 1789; but with him was alfo 
acquitted by the tribunal of the Chatelet. 1 he domi- 
nion of his eloquence in the National Aliembly had 
long been abfolute, and, on the 29th of January 1791, 
he was ele&ed prefident. At the latter end of March, 
in the fame year, he was ftized by a fever, and died on 
the 2d of April. 

The talents of Mirabeau will not be. doubted, though 
thev were certainly rather brilliant than profound. To 
be noticed, and to lead, were the lole objeds of his am- 
bition; and for the attainment of them, he took the 
fide of the difeontented, as the beft field for his match- 
iefs eloquence. Yet there was no man more devoted to 
the principles of a court than this Marquis, provided he 
could have a fiiare in the adminiftration ; and a (hare he 
would have obtained, if any thing moderate would have 
fatisfied him : But he thought nothing worthy of him 
but a place of adive truft, and a high department ; fta- 
tions which all knew him not qualified to fill. Want- 
ing knowledge of great things, he was learned only in 
the bullling detail of intrigue, and would, at any time, 
have facrificed his deareft friend, and the interefts of his 
country, for an opportunity of exerciling his brilliant 
eloquence, and indulging his propenfity to fatire and 
lampoon. But the greateil obftacle to his advancement 
under the old government was the abjed worthleffhefs 
of his charader. Drinking was the only vice in which 
he did not indulge ; and from this he was reftrained by 
his exhaufted conftitution. To bis brother, the Vif- 
eount, who was frequently intoxicated, the Marquis 
one day faid, “ How can you, brother, fo expofe your- 
felf? “What (replied the Vifcount) ! how infatiable 
are you ? Nature has given you every vice; and having 
left me only this one, you grudge it me! 

MISTRAL, the name of a wind, which is men- 
tioned in almoft every account that we have of Pro- 
vence, and which is remarkable for blowing almoft the 
whole year from north-weft or weft-north-weft, in a cli- 
mate where the wind ftiould be variable. It is laid to 
contribute to the falubrity of the air, by difperiing the 
exhalations of the marfhes and ftagnant waters, fo com- 
mon in the fouth of Languedoc and Provence ; but at 
times it is alfo very injurious, or at leaft very trouble- 
fome. It is not, however, on either of thefe accounts 
that it is introduced into this Wdrk, but for the fake 
of the caufes afligned by Sauffure for its conftancy, 
which may be applied to other winds that neaily re- 
femble it; and which he found might be reduced to 
three. . , 

“ The firft and moft effe&ual caufe (he fays) is the 
fituation of the Gulf of Lyons, the banks of w'hieh are 
the principal theatre of its ravages. Plus Gulf, in 
fad, is fituated at the bottom of a funnel, formed by 
the Alps and Pyrenees. All the winds blowing from 
any point between wreft and north, are forced by thefe 
mountains to unite in the Gulf. Thus, winds which 
would not have prevailed but at one extremity of the 

Gulf, or even much beyond it, are obliged to take this 
route, after having undergone the repercufllon of thefe 
mountains ; and the middle of the Gulf, inftead of the 
calm which it might have enjoyed, is expofed to the 
united efforts of two ftreams of wind, defcending in dif- 
ferent dire&ions. Hence arife thofe w'hirlwinds which 
feem to charatterife the miftral, and appear to have in- 
duced the ancients to call it Circius, a turbine ejus ac 
'vertiginr. See Aul. Gellius, 1. ii. cap. 22. 

“ The fecond caufe is, the general dope of the 
grounds, defcending from all fides towards the Gulf ; 
which becoming all at once lower and more foutherly 
than the lands extending behind it, is, from thefe joint 
circumftances, rendered the hotteft point of all the ad- 
jacent country : and, as the air on the furface of the 
earth alwavs tends from the colder to the warmer re- 
gions, the Gulf of Lyons is a£fually the centre towards 
vvhich the air from all colder points betw’eep eaft and 
welt mult prefs. This caufe, then, alone would be pro- 
ductive of wfinds direfted to the Gulf, even if the re- 
percufllon of the mountains did not exert its influence. 

“ Finally, it is well known, that in all gulfs the land- 
winds blow more forcibly than oppolite to plains and 
promontories, whatever be the fituatu •, of thole gulfs. 
I apprehend, indeed, on ftriCt examination (faysourau- 
thor), that this caufe is blended with the preceding ; 
but as the faCt is generally admitted, and in fume cafes 
can be explained only by reafons drawm from the effedfs 
of heat, it may not improperly, perhaps, be diftinClly 
mentioned. It is, at leaft, neceflary to fuppofe, that 
feveral caufes produce the miftral, in order to under- 
ftand why, notwfithftanding the variablenefs of the fea- 
fons and temperatures, that wind is fo Angularly con- 
ftant in Lowmr Languedoc and Lower Provence. A 
very remarkable inftance of this conftancy is recorded 
by the Abbe Papon, in his Voyage de Provence, tom. 
ii. p. 81. He alferts, that during the years 1769 and 
1770, the miftral continued for fourteen months fuccef- 
fively. But the three caufes which I have ftated, taken 
feparately, wull explain its frequency, and, united, will 
account for its force.” 

MIXT Angle, or Figure, is one contained by both 
right and curved lines. 

Mixr Number, is one that is partly an integer and 
partly a fraftion; as 3’. 

Mixt Ratio, or Proportion, is when the fum of the 
antecedent and confequent is compared with the differ- 
ence of the antecedent and confequent ; 

a„:fl 4:3-12:9 a° | a : b : : c 1 d 
. 77:1 : : 21 : 3 

t^en jrt-p£:a — b : : c+ d:c — d. 
MGCASSIMAH, in Bengal, revenue fettled by a 

divifion of the produce. 
MOCHULKAH, bond or obligation. 
MGiRlS, a lake in Egypt, occalionally mentioned 

in that article {EncycL), and generally fuppofed the 
production of human art. Of this, however, Mr Brown 
fays it bears no mark. “ The ftiape, as far as was diftin- 
guiftiable, feems not inaccurately laid down in D’An- 
ville’s map, unlefs it be, that the end neareft the Nile 
fhould run more in a north-weft and fouth-eaft diiec- 
tion. The length may probably be between 30 and 40 
miles ; the breadth, at the wideft part he could gain, 
was cooo toifes, as taken with a fextant; that is, near- 

ly 

Miflral 

Maris. 



M O L I 
^Tcfu/Tel miles. The utmofl: poffible extent of circuit 

JVllle muft courfe be 30 leagues. On the north-eaft and 
1 - ■ fouth is a rocky ridge, in every appearance primeval. 

In fliort, nothing can prefent an appearance more un- 
like the works of men. Several fifhermen, in miferable 
boats, are conftantly employed on the lake. The wa- 
ter is brackifh, like molt bodies of water under the fame 
circumilances. It is, in the language of the country, 
Birket-el-kerun, probably from its extremities bearing 
iome refemblance to horns. 

MOFUdSEL, a relative term, fignifying the fub- 
ordinate lands or diftridts, oppofed to Sudder, which 
is the head. 

MOHACZ, Mohatz, or Mr)ho%, a town in the 
Lower Hungary, upon the Danube, between the river 
Sarwizu to the north, and the Drave to the fouth ; four 
German miles from either, fix from Efleck to the north, 
and nine from Colocoa to the fouth. This otherwife 
fmall place is memorable for two great battles here 
fought ; the firil between Lewis king of Hungary and 
Solyman the Magnificent, in 1526: in which that un- 

• fortunate Prince Lewis (being about 20 years old), 
with 25,000 men, fought 300,000 Turks ; when, be- 
ing overpowered .by numbers, 22,000 of the Chritlian 
army were flain upon the place] 5000 waggons, eighty 
great cannon, 600 fmall ones, with all their tents and 
baggage, were taken by the vi&ors ; and the King, in 
his flight over the brook Curafs, fell into a quagmire, 
and was fwallowed up. After which, Solyman took 
and flew 200,000 Hungarians, and got fuch a footing 
in that kingdom, that he could never be expelled. This 
fatal battle was fought O&ober 29. The fecond, in 
fome part, retrieves the lofs and infamy of the former, 
The Duke of Loraine being fent by the Emperor, with 
exprefs orders to pafs the Drave and take Elfeck, his 
highnefs, July 10, 1687, with great difficulty pafled 
that river, then extremely fwelled with rains ; but find- 
ing the Prime Vifier encamped at Efleck, with an army 
of 100,000 men, fo ftrongly, that it was not poffible 
to attack him in that port without the ruin of the Chri- 
ttian army, he retreated, and repaffed it the 23d of the 
fame month ; where, upon the 29th, the Prime Vifier 
pafled that river at Efleck ; and upon Augufl: 12th, 
there followed a bloody fight, in which the Turks loll 
ioo pieces of cannon, 1 2 mortars, all their ammunition, 
provilion, tents, baggage, and treafure, and about 8000 
men upon the place of battle, befides what were drown- 
ed in palling the river, which could never be known. 
After which vitlory, General Dunewalt, September 
30th, found Efleck totally deferted by the Turks, and 
took pofleffion of it. 

MOHER, in Bengal, a gold coin, worth about 33 
ffiillings. 

MOHERIR, a writer of accounts. 
MOINEAU, a flat baftion raifed before a curtin 

when it is too long, and the ballions of the angles too 
remote to be able to defend one another. Sometimes 
the moineau is joined to the curtin, and fometimes it is 
divided from it by a moat. Here mufquetry are placed 
to fire each way. 

MOLE (See 1 alpa, Encycl.), is an animal exceed* 
ingly troublefome, both to gardeners and farmers ; and 
there are perfons who contrive to make a livelihood by the 
trade of mole-catching. Thefe men, it is well known, 
aie generally quacks and cheats} ^nd the fecrets which 

2S4 ] MOL 
they fell for extirpating thofe dellruaive animals ate of 
very little avail. Even poifon leldom produces any con- ' 
fideiable efleet ; hecaufe the mole, while it does not 
drink, lives only on roots and worms. Under the word 
Mole (Encycl ), fome dire&ions will be found for clear- 
ing fields of this deftru&ive animal ; but the following 
are peihaps preferable, as they leem to have been the 
refult of much experience ; 

Immediately at day-break, it will be neceflary to 
make a tour round the garden or meadow, from which 
it is wiffied to extirpate the moles ; for at that time 
they will be all found at work, as may be feen by the 
hills newly thrown up. If the perfon is then clofe to 
the hill, he muft proteed as the gardeners do, and turn 
up with a ftroke of the fpade the hill together with the 
digger. The paflage is then cut through before the 
animal is aware of the attack 5 and therefore it has not 
power to efcape. If the mole-hill be freffi, even though 
the animal may not be throwing up earth, the perfon 
ought not fo lofe his time in waiting, but fhould imme« 
diately proceed to the operation above-mentioned. 

If you find a frefh hill Handing by itfelf, which fe^ms 
to. Anew by its fituation that it has no communication 
with any other, which is always the cafe when the mole 
has worked from the furface downwards in endeavour- 
mg to procure a more convenient habitation, after the 
hill has been turned up with the fpade, a bucket of 
water fhould be poured over the mouth of the paflage. 
By thefe means the animal, which is at no great dif- 
ftanc, will be obliged to come forth, and may be eafily 
caught with the hand. 

You may difeover alfo whether a hill has any com- 
munication with another, if you apply your ear to it, 
and then cough or make a loud noife. If it has no 
communication with the neighbouring hills, you will 
hear the terrified animal make a noife by its motion. It 
will then be impoffible for it to efcape ; and you may 
either pour water into the'hole, ©r turn up the hill with 
a fpade, until the mole is found ; for, in general, it ne- 
ver goes deeper into the earth than from fifteen to eigh- 
teen inches. 

When any of the beds in a garden have been newly 
watered, the mole, attra&ed by the coolnefs and moi- 
fture, readily repairs thither, and takes up its refidence 
in them, making a -pafiage at the depth of fcarcely an 
inch below the furface. In that cafe it may eafily be 
caught. When you fee it at work, you need only 
tiead behind the animal with your feet on the paflage 
to prevent its retreat, and then turn up the hill with a 
fpade ; by which means you will be fure to catch it. 

When you dig after it with a fpade, the animal forces 
its way downwards into the earth in a perpendicular di- 
re&ion, in order that it may the better efcape the threa- 
tened danger. In that cafe it will not be neceflary to 
dig long, but to pour water over the place, which will 
foon make the animal return upwards. 

People, in general, are not aware of the great mif- 
chief occafioned in fields and gardens by thefe animals. 
We are, however, informed by Buffon, that in the year 
1740 he planted fifteen or fixteen acres of land with 
acoi ns, and that the greater part of them were in a 
little time carried away by the moles to their fubterra- 
neau retieats. In many of thefe there were found half 
a bulhel, anu in others a bufhel. Buffon, after this cir- 
cumltance, caufed a great number of iron traps to be 
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Moment#, conftru&ed ; by which, in lefs than three weeks, he the priefts, 
Mongearts.caUght Moo. To this inftance of the devaftation oc- ' 
u   cafioned by thefe animals, we may add the following : 

In the year they were lo numerous in fome parts 
of Holland, that one farmer alone caught between five 
and fix thoufand of them. The deftrudHon occafioned 
by thefe animals is, however, no new phenomenon. We 
are informed by hiftory, that the inhabitants of the 
ifland of Tenedos, the Trojans, and the ^Eolians, were 

'infefted by them in the earlieft ages. For this reafon 
a temple was erefted to Apollo Smynthius, the deflroyer 
of moles. See Economifche Hefte, Vol. VII. Part 5. and 
Vol IX. Part 4. ; or Phil. Magazine, N° 5. 

MOMENTS, in the new doftrine of infinites, de- 
note the indefinitely fmall parts of quantity ; or they are 
the fame with what are otherwife called infinitefimals 
and differences, or increments and decrements; being 
the momentary increments or decrements of quantity 
confidered as in a continual flux. 

Moments are the generative principles of magnitude; 
they have no determined magnitude of their own, but 
are only inceptive of magnitude. 

Hence, as it is the fame thing if, inflead of thefe mo- 
ments, the velocities of their increafes and decreafes 
be made ufe of, or the finite quantities that are propor- 
tional to fuch velocities ; the method of proceeding 
which confiders the motions, changes or fluxions of 
quantities, is denominated by Sir Ifaac Newton, the 
method of fluxions. 

Leibnitz, and moll foreigners, confidering thefe infi- 
nitely fmall parts, or infinitefimals, as the differences of 
two quantities, and thence endeavouring to find the 
differences of quantities, i. e. fome moments, or quanti- 
ties indefinitely fmall, which taken an infinite number 
of times fhall equal given quantities, call thefe moments 
differences ; and the method of procedure, the differen- 
tial calculus. 

MONGEARTS, one of the tribes of wandering 
Arabs which inhabit the Sahara, or Great Defert of 
Africa. Their time is wholly occupied by tending their 
cattle ; and becaufe they are little fkilled in the ufe of 
arms, Mongeart is a term of contempt among the peo- 
ple by whom they are furrounded. The country, with 
its produce, will be deferibed under the title Sahara in 
this Supplement; it is the bufinefs of this article merely 
to exhibit the manners of the people. 

They are all Mahometans, and offer up prayers three 
times a-day, fometimes oftener; but having no mofques, 
thefe prayers are never pronounced in public, except 
when the horde is vifited by a prieft, who feldom comes 
but upon account of the childrens education. Then all 
the Arabs affemble at the hour of prayer, place them- 
felves in a line, turn to the eaft, and, wanting water in 
the defert, rub their face and hands with fand ; while 
the prieft recites aloud the general prayer. It is the 
fame as that which is rehearfed by the public crier in 
the mofques in civilized countries. 

The priefts are employed in travelling about the 
country to inftruft the children. There is nothing like 
force in their education. The little boys meet in the 
morning of their own accord, at the place of inllruc- 
tion, which is to them a place of recreation. They go 
there with a fmall board inferibed with the Arabic cha- 
ra£ters, and a few maxims of the Koran. The oldeft, 
and the bell informed, receive their leffons directly from 
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. and afterwards communicate them to their Mongearf*. 

fellows. They are never corrected ; becaufe it would 
be a crime to beat a child, who, according to the re- 
ceived notions, has not fufficient reafon to diflinguifh 
good from evil. This lenity extends even to the chil- 
dren of Chriflians, though in a Hate of flavery. They 
are treated in all refpetts like the children of Arabs ; 
and the man who fhould be rafh enough to ftrike one 
of them would endanger his life. Very different is their 
treatment of Negro children ; who may indeed join in 
all the amufements of the young Arabs, and even attend 
the public fchools ; but if they be guilty of a fault, 
they are feverely punifhed. 

When the child of a Mongeart becomes tired of the 
places of public inftrudlion, he quits them at pleafure, 
and, without feeling conftraint, or hearing reproach, goes 
and employs himfelf in tending his father’s flocks : and 
accordingly there are very few among them who can 
read. Thofe who perfevere in the ftudy of the Koran 
are made priefts, after having paft an examination before 
the learned elders, and enjoy the greateft public confi- 
deration. They have no need of cattle ; for thofe of 
the nation being theirs, they find their fubfiftence every- 
where. 

It is generally at feven or eight years of age that 
children undergo the painful operation of circumcifion. 
Their head is alfo fhaved, nothing being left but four 
locks of hair; one of which is cut off in a meeting of 
the family, at each remarkable adion performed by the 
child. If, at the age of 12 or 13, he kill a wild boar, 
or other beaft of prey, that fliould fall upon his flock, 
he lofes one of his locks. If, in the paffage of a river, 
a camel be carried away by the ftream, and he fave it 
by fvvimming to its afliftance, another is cut off. If he 
kill a lion, a tyger, or a warrior of an hoftile nation, ia 
a furprife or an attack, he is confidered as a man, and 
his head is entirely fltaved. 

Different from the other Arabs their neighbours, and 
indeed from the Mahometans in general, the Mongearts 
trouble no man on account of his religion. The only 
one which they do not tolerate is the Jewiih ; and were 
a Jew to enter their territory, and have the misfortune 
to be taken, he would certainly be burnt alive. 

According to M. Saugnier, the women are much 
more refpe&ed among the Mongearts than among the 
neighbouringnations ; but the evidences which he gives 
of that refpedl are very extraordinary. 

When a Mongeart is defirous of undertaking the 
care of a family, he pitches upon the girl that pleafes 
him the molt, and alks her of her father without further 
formality ; nor can the latter refufe her, unlefs the man 
who pretends to her hand have done fomething contra- 
ly to the laws of the nation. The girl is condutled 
by her parents to the tent of her future hufband, where 
there is always an abundant repaft prepared for the ce- 
remony. Prefents are made to the father ; but if the 
fon-in-law be poor, his wife’s family aflift him, and fur- 
nilh him with the means of increafing his flocks ; if, on 
the contrary, he be rich, and the father poor, he fup- 
ports the whole family in his own tent. The employ- 
ment of the wife, thus married, is to prepare the food ; 
to fpin the goats and camels hair, of which the tents arc 
made ; to milk the cattle ; to pick up the neceffary 
fupply of wood for the night ; and when the hour of 
repaft is come, to wait upon her hulband. She then eats 
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gearts by herfelf what has been lefc by him and his male flayes. 
■v~~- She is, indeed, in no great danger of having a rival 

brought into the family ; for though polygamy be al- 
lowed by his religion, the poverty of the Mongeart ge- 
nerally prevents him from taking a plurality of wives. 
She is, however, liable to be divorced at will when fhe 
does not bear boys ; but if fhe have the good fortune 
to have one or more male children, her hu(band’s regard 
for her is inconceivable. She has no longer a divorce 
to fear, has an abfolute authority in the tent, and paffes 
her whole time in converfation, deep, or dancing, as (he 
thinks fit. The captive negreffes do all her work, and 
are no longer aflilled in their labour by the Arab’s wife, 
who treats them, on the contrary, with the greateft 
harfhnefs and arrogance. 

When a woman is not agreeable to her hufhand, or 
when he is difagreeable to her, they have it in their 
power to part. The formality in this cafe confifts in 
the wife’s retiring to her parents. If the hufband be 
attached to her, he goes thither in quell of her ; but if 
fhe perfift in refuling to return, Ihe is free, and at liber- 
ty to marry another. If, however, Ihe have had a child, 
efpecially a boy, (lie has not the fame privilege ; in that 
cafe, if her retreat Ihould laft more than eight days, it 
might be punifhed with death. 

When a man beats his wife, it is a fure fign that he 
is fincerely attached to her, and that he does not mean 
to part with her ; if he content himfelf with reproaches,, 
the wife thinks herfelf defpifed, and infallibly retires to 
her parents. Hence it is, that in the moll trifling dif- 
putes the women are cruelly beaten : they prefer it to 
the complaints that the hulband might make to their 
parents ; this proof being the moll certain one of a 
man’s fondnefs for his wife. When a girl marries, Ihe 
makes up her mind to fuch treatment, deeming it much 
more fupportable than the humiliations Ihe would other- 
wife experience from her family, in confequence of her. 
hulband’s complaints. 

The conjugal fidelity of the Mongeart women is in- 
corruptible. Differing in their opinions from many 
other Mahometans, they believe themfelves immortal 
like the men ; but they do not flatter themfelves with 
the poffibility of happinefs in the other world, unlefs 
they lhall have been faithful to their hulbands in this. 
Women, who have been falfe to their hulband’s bed, 
will be doomed, they think, to eternal llavery to the 
more virtuous part of their fex, without ever partaking, 
in the fmallell degree, of their blifs. 

Mongeart women often vifit one anotherand on 
thofe occafions, the honour confilts in letting the fe- 
male who comes to fee her friend or relation do all the. 
work of the tent. The vifitor affumesthe management 
of every thing, dreffes the vidluals, churns the butter, 
and keeps herfelf continually employed ; while her 
friend entertains her with an.account of the different af- 
fairs of the family or nation. The heartinefs of the 
welcome is meafured by the extent of the work fubmit- 
ted to the guell, who generally prepares double the 
ufual quantity of food ; fo that the Arab is obliged to 
invite his neighbours to partake of the repall. The 
Haves are always pleafed with thefe entertainments, a 
larger portion then coming to their lot. It is the bufi- 
nefs of the vifitor to do the honours : nor will Ihe fuffer 
any body about her to remain diffatisfied. 

The laws of hofpitality are obferved among the Mon- 
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gearts as among all the wandering Arabs. Indeed they Mongeartj, 
are carried to fuch a length, that were a man to enter 
the tent of him whom he had wounded, or even killed, 
he would there meet with a facred and inviolable afy- 
lum, although furrounded by thofe who mult naturally 
defire his ruin. The tent of the chief is always that 
to which llrangers, upon their arrival in the horde, are 
diredded. But the chief could not entertain, at his own 
expence, all the llrangers that happen to pafs ; and: 
therefore every tent in the horde is obliged to furnilh 
him with two pounds of ground barley per week, to. 
enable him to maintain the ancient hofpitality. 

The chiefs of hordes are ahvays the eldell of their 
families. The difference of wealth is not confidered : 
the chief often having feveral individuals at his houfe 
richer than himfelf, who neverthelefs obey him m every, 
particular. He is, properly fpeaking, their king ; ex- 
amines their difference with the old men, and judges 
without appeal. As to himfelf, he cannot be tried but' 
by the chiefs of feveral hordes affembled. It is his bu- 
finefs to determine the fpots where the tents are to be 
pitched, the moment of departure, and the place where 
the caravan is to Hop. If the pallurage do not fuffice 
for the herds of all the horde, it divides, and the chief 
affigns the ground for the different encampments. Theyn 
are very often compofed of no more thanfeven or eight/ 
tents, according to the quality of the ground they meet’ 
with. The tent of the chief is always the largell and 
moll lofty, and is placed in the centre, of the divifions„ 
When it is determined upon to quit an encampment, 
which never happens till the pailureis ex-haulled, the chief 
fets off to choofe another fpot. In thefe removals the 
women alone do all the work. Early in the iporning* 
they fold up the tent, and load every thing upon the ca- 
mels backs; they then move flowly on, that the cattle, 
may have time to feed upon the way. 

Great refpedl is paid by the Mongearts to all old 
men, who enjoy the fame prerogatives as the priells,. 
and fuch Arabs as have vifited the tomb of Mahomet at. 
Mecca. Together with the chief they are the judges 
of the horde, and take cognizance of all offences, the> 
pain of death being the only punilhment which they^ 
cannot decree. An affembly of feveral chiefs is the 
only tribunal which can inflid capital punilhment ; but. 
as the accufedhas generally a number of friends, it fell 
dom happens that he is capitally convi£led. 

A war between two Mongeart tribes feldom happens,, 
and is never bloody ; but the different families deftroyp 
one another fall enough in their inteftme broils. They 
are all thieves ; and indeed theft is a crime only in the 
day-time, being authorifed by law during the night, in 
order to compel them to take care of their cattle. 
Could they find redrefs when robbed by night, they 
would be lefs: vigilant ; and their herds and flacks would' 
be more expofed to the wild bealls that over-run their 
country ; but being obliged to be on their guard even 
againll their nearell neighbours, they are always ready 
to repel both the lion and the tiger. Theft, even in the 
day-time, is fo far from being punilhed, unlefs dete&ed 
at the inllant of commifiiou, that when any thing is He- 
len unperceived, it becomes the lawful property of the 
thief. In vain would the rightful owner recognize it 
in his neighbour’s tent; he cannot reclaim it ; it ceafes 
to be his from the moment he has been negligent in its 
care. Hence arifes this peoples inclination for rapine ^ 
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Mongearts. they do not think they commit a crime, and only fol- 

low, in this regard, a cuftom allowed by their laws. 
When an Arab is going to market, or on his return 

from thence, it he do not take the greateft care to keep 
his journey a fecret, he is often attacked. Neighbour- 
ing Arabs are detirous of profiting by his induftry ; and 
as there are no perfons in the country appointed to ap- 
prehend robbers, the hope of booty fpurs them on to 
the attack. That they may have nothing to fear, they 
lie in wait, when the night is coming on, for him whom 
they mean to pillage. Their intention is never to kill; 
they only endeavour to furprife, to difarm, and to make 
themfelves mailers of every thing that comes in their 
way. But it fometimes happens, that the man they 
intend to plunder, being acquainted with the cuftoms 
of his country, keeps an attentive ear, Hands on hie 
guard, fires upon his aflailantsat the firfl motion he ob- 
ferves, and then fights defperately with his dagger. The 
report of the muiket almoft: always brings out the neigh- 
bouring Arabs, who, in virtue of the laws of hofpitali- 
ty, take the defence of the weaker fide. They run up 
well armed ; and then woe to the aggreffors, if they do 
not fave themfelves by a fpeedy flight. 

The flocks and herds of the Mongearts are compofed 
of nothing but flieep, goats, and camels; all animals 
patient of third;. Horfes are very fcarce in thefe can- 
tons, none but the pofleffors of numerous herds being 
able to keep them ; becaufe, for want of \yater, it is 
neceflary to have milk in fufficient abundance to give it 
them to drink. Great care is taken to preferve the ca- 
mel’s urine, both to mix with milk, and to wa(h the 
different veffels in which they put their food. Peteft- 
able as is this mixture of milk and urine, they are often 
reduced to the ufe of it ; hunger and third; give a relifh 
to every thing. 

The only workmen ufeful to this nation are black- 
fmiths or goldfmiths, as they may be called indifferent- 
ly. The Mongearts not being fufficiently laborious to 
apply themfelves to fuch occupations, thefe workmen 
come from Bilidulgerid, and difperfe themfelves all over 
the different parts of the defert. Wherever there are 
tents they are fure to find work. They are fed for no- 
thing, and receive befides the hire for their labour. 
They make trinkets for the women, fuch as ear-rings 
and bracelets, &c. mend the broken veffels, by rivetting 
them, and clean the arms. They are generally paid in 
fkins, goats and camels hair, or oftrich feathers, accord- 
ing to their agreement. Thofe who have filver pay 
them a tenth part of its weight for any thing wrought 
out of that metal. On their return they fell what they 
have earned ; four or five excurfions at mofl enabling 
them to live afterwards at their eafe in their own coun- 
try. 

The Mongearts always carry a leathern bag, fufpend- 
ed from their neck, in which they put their tinder, their 
pipe, and their tobacco. Their daggers are elegant; 
the hilt is always black, and inlaid with ivory; the 
blade is crooked, and fharp on either fide ; the fheath 
is of brafs on one fide, and of filver on the other, and of 
very tolerable workmanfhip. They wear fabres when 
they can get them, and prefer thofe of Spanifh make. 
Their mufkets are always highly ornamented ; th* flock 
is very fmall, and inlaid on every fide with ivory, and 
the barrel emboffed with brafs or lilver, according to 
the opulence of the owner. There is a fpring to the 
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lock, covering the priming, to prevent the piece from Mongeart** 
going off, contrary to the intention of him who carries 
it. The poor, who do not poffefs mufleets, wear dag- 
gers, made like the Flemifh knives, with leathern fheaths. 

1 hey arm themfelves alfo with a thick flick, to the end 
of which they fix a kind of iron wrtdge. This weapon 
is exceedingly dangerous at clofe quarters. Others 
carry zagays, or flender javelins. In a word, the prin- 
cipal riches of an Arab, and his highefl gratifications, 
are a handfome mufket and a good dagger. He prefers 
them to neatnefs of apparel ; for as to drefs, it is indif- 
ferent to him whether he be clothed in Guinea blues, 
woollen fluffs, or goats fkins. Their arms being their 
principal ornament, they take particular care to put the 
mufleets in leathern bags, by way of keeping them in 
good order, and preferving them from the rult. 

All the riches of the Mongearts confifl in their herds ; 
and accordingly they take the greatefl care to preferve 
them. If a beafl be fick, every thing is done to cure 
it ; no care is fpared ; it is even treated with more at- 
tention than a man : but when it evidently appears that 
there is no hope of faving its life, they kill and eat it. 
If it be a camel, the neighbours are called in to partake 
of the repafl ; if a goat, the inhabitants of the tent fuf- 
fice for its confumption. An animal that dies without 
fhedding blood is unclean. Its throat mull be cut ; the 
perfon who kills it turning to theeafl, and pronouncing 
beforehand the firfl words of the general prayer- An 
animal killed by a wild boar is unclean ; nor is it eaten 
although its blood has been died, becaufe the wild boar 
is itfelf an unclean beafl. That fpecies is fo numerous 
in the defart, that they do more mifehief than all the 
other wild bealls together. The Arabs kill as many as 
they can, but never tafle their flefh. 

Whatever Ioffes an Arab may meet with, he is never 
heard to complain ; he rifes fuperior to poverty, fup- 
ports hunger, thirft, and fatigue, with patience, and his 
courage is proof againfl every event. God will have it 
fo, fays he : he employs, however, every means in his 
power to avert misfortune ; and often expofes himfelf 
to the greatefl dangers to procure matters of no real 
utility. 

When a father of a family dies, all the effe&s in his 
tent are feized upon by the eldefl fon prefent at his de- 
ceafe. Gold, filver, trinkets, every thing difappears; 
and the abfent children have only an equal fnare in the 
divifion of the cattle and the fiaves. The girls are en- 
tirely excluded from all participitation, and take up their 
refidence with their elder brother. If the deceafed 
leave children in helplefs infancy, the mother takes 
them with her to her filler’s, if die have a filter married ; 
if not, to her own maternal roof. The dead man’s pof- 
feffions, however, are not loll ; the chief of the horde 
takes care of them, and delivers them in equal portions 
to the heirs, as foon as they are old enough to manage 
their own property. If an Arab die without male chil- 
dren, his wife returns to her relations, and his brother 
inherits his effedts. 

The Mongearts have a rooted abhorrence of the Spa- 
niards; and never fail to maffacre every man of that na- 
tion who is fo unfortunate as to be fitipw recked on their 
coafls, while they referve the women for fale at Mo- 
rocco. The reafon of this hatred is, that the inhabi- 
tants of the Canaries make frequent defeents on the 
Mongeart coafts, and carry off men, women, cattle, and 
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Monnier. every thing that they meet with ; and thefe people, be- 

'L" »"" ing ignorant of the fate of their countrymen, retaliate 
by death on all Spaniards that {all into their hands, 
whilft they treat the Britifh and French as well as they 
can. 

MONNIER (Peter Charles Le), was born at Paris 
on the 20th of November 1715. The profefiion of his 
father, or the rank which he held in fociety, we have 
not learned, and we are equally ignorant of the mode 
in which he educated his fon. All that we know is, 
that young Monnier, from his earlieft years, devoted 
himfelf to the ftudy of aftronomy ; and that, when only 
fixteen years of age, he made his firft obfervation, viz. 
of the oppofition of Saturn. At the age of twenty he 
was nominated a member of the Royal Academy of 
Sciences at Paris. In the year J735 he accompanied 
Maupertuis in the celebrated expedition to Lapland, to 
tneafure a degree of latitude. In 1748 he went to 
Scotland with Lord Macclesfield, to obferve the annu- 
lar eclipfe of the fun, which was moft vifible in that 
country ; and he was the firft aftronorner who had the 
pleafure to meafure the diameter of the moon on the 
difk of the fun. 

Louis XV. it is well known, was extremely fond of 
aftronomy, and greatly honoured its profeffors : he lo- 
ved and efteemed Le Monnicr- 1 have feen the king 
himfelf (fays Lalande) come out of his cabinet, and 
look aronnd for Le Monnier; and when his younger 
brother was prefented to him on his appointment to the 
office of firft phyfician, his Majefty was plealed to wifh 
him the merit and reputation of his brother the aftro- 
nomer. All the remarkable celeftial phenomena were 
always obferved by the king, in company with Le 
Monnier. Thus he obferved with him, at his chateau 
of St Hubert, the two celebrated tranfits of Venus thro’ 
the difk of the dun in the years 1 761 and 1769 ; as ap- 
pears from the Memoirs of the Royal Pariiian Academy 
of Sciences. It well deferves to be here recorded in 
what manner the king behaved during thefe important 
obfervations, and how little he difturbed his aftronomers 
(the celebrated La Condamine being likewife permitted 
to obferve the tranfit in his prefence) in this occupation ; 
the proper time for which, if permitted to pafs by, 
could not be recalled. Le Monnier relates in his Dif- 
fertation, that “ his Majefty perceiving that we judged 
the laft contafts to be of the greateft importance, a 
profound filence at that moment reigned around us.” At 
the tranfit of Venus in 1769, the king allowed the 
Marquis de Chabert, an intelligent and expert naval 
officer, who was juft returned from a literary voyage to 
the Levant, to affift at the obfervation. In a court 
like that of Louis XV. fo fcrupuloufly obfervant of 
etiquette, thefe will be allowed to have been moft dif- 
tinguiihed marks of honour, and of royal favour and 
condefcenfion. 

In the year 1750, La Monnier was ordered to draw 
a meridian at the royal Chateau of Bellevue, where the 
king frequently made obfervations. The monarch on 
this occafion rewarded him with a prefent of 15,000 li- 
tres ; but Le Monnier applied this fum of money like- 
wife in a manner that redounded to the honour of his 
munificent fovereign and of his country, by procuring 
new and accurate inftruments, with which he afterwards 
made his beft and moft remarkable obfervations. In 
1742, the king gave him in Paris Rue de la Pqfle, 

a beautiful free dwelling, where, till the breaking out Momiier. 
of the revolution, he refided, and purfued his aftro- ^ 
nomical labours, and where his inftruments in part yet 
remain. Some of them the prefent French govern- 
ment has, at the inftance of Lalande, purchafed for the 
National Obfervatory. In 1751, the king prefented 
him with a block of marble, eight feet in height, fix 
feet in breadth, and fifteen inches in thicknefs, to be 
ufed for fixing his mural quadrant of five feet. This 
marble wall, together with the inftruments appended to 
it, turns on a large brafs ball and focket, by which the 
quadrant may be dire&ed from fouth to north ; thus 
ferving to rectify the large mural quadrant of eight feet, 
which is immoveably made fall to a wall towards the 
fouth. 

With thefe quadrants Le Monnier obferved, for the 
long period of forty ye<fts, the moon with unwearied 
perfeverance at all hours of the night. It is requifite,- 
to be a diligent aftronomer, to be able to conceive to 
what numberlefs inconveniences the philofopher is ex- 
pofed during an uninterrupted feries of lunar obferva- 
tions. As the moon during a revolution may pafs 
through the meridian at all hours of the day or night j 
the aftronomer who, day after day, profecutes fuch ob- 
fervations, muft be prepared at all, even the moft incon- 
venient, hours, and facrifice to them his fleep and all his 
enjoyments. How fecluded from all the pleafures of 
fpcial intercourfe, and how fatiguing fuch a mode of 
life is, thofe aftronomers, indeed, know not who then 
only fet their pendulum clocks in motion, when fome 
of the eclipfes of the fun, moon, or of the fatellites of 
Jupiter, are to be viewed. At this time, and in the 
prefent ftate of the fcience, thefe are juft the moft in- 
fignificant obfervations ; and an able aftronomer, well 
fupplied with accurate inftruments, mny every day, if 
he take into his view the whole of his profeffion, make 
more important and more neceffary obfervations. 

Le Monnier was Lalande’s preceptor, and worthy of 
fuch a fcholar ; and he promoted his ftudies by his ad- 
vice, and by every other means in his power. Le Mon- 
nier’s penetrating mind, indeed, prefaged in young La- 
lande, then only fixteen years old, what in the fequel 
has been fo fplendidly confirmed. In his twentieth 
year, he became, on the recommendation of his precep- 
tor, a member of the Royal Academy : and in 1752 he 
was propofed by him as the fitteft perfon to be fent to 
Berlin, to make with La Caille’s, who had been fent to 
the Cape of Good Hope, correfpondent obfervations, 
for the purpofe of determining the parallaxes of the 
moon, then but imperfedlly known. Le Monnier lent 
his pupil for this expedition his mural quadrant of five 
feet. His zeal for aftronomy knew no bounds. For 
this reafon Lalande, in his Notice des Travaux du C. 
Re Monnier, fays of himfelf: “ J'e fuis moumeme le prin- 
cipal rcfultat de fon %ele pour dajlr anomie.” 

La Monnier wa^paturally of a very irritable temper: 
as ardently as he lotfed his friends, as eafily could he be 
offended ; and his hatred was then implacable. La- 
lande, as he himfelf expreffes it, had the misfortune to 
incur the difpleafure of his beloved preceptor ; and he 
never after could regain his favour. But Lalande’s gra- 
titude and refpeft for him always continued undiminilh- 
ed, and were on every occafion with unremitting con- 
ftancy publicly declared : patiently he endured from 
him undeferved ill treatment j fo much did he love and 
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Mmmier. efteem his inftru&or and mafter to the day of his death. 
—% 1 “ I have not ceafed to exclaim (writes Lalande, as Dio* 

genes exclaimed to his matter Antifthenes, “ You can- 
hot find a ftick ftrong enough to drive me away from 

What a noble trait in the chara&er of Lalande, who 
in 1797 wrote likewife an eulogium on Le Monnier in 
the ftyle of a grateful pupil, penetrated with fentiment's 
of profound veneration and efteem for his beloved ma- 
fter ; but Le Monnier would not read it. This is not 
the place to give a circumftantial account of this intri- 
cate quarrel : we fhall only further remark, that La- 
lande was the warm friend and admirer of the no lefs 
eminent aftronomer La Caille, whom Le Monnier mor- 
tally hated. An intimate friendftiip likewife fubfifted 
between Le Monnier and D’Alembert ; but Lalande 
had no friendly intercourfe with the latter. 

Among the fcholars of Le Monnier may likewife be 
reckoned Henwart, the celebrated geometrician and pro- 
feffor of mathematics at Utrecht ; who, in a letter to 
Von Zach, aftronomer to the Duke of Saxe Gotha, da- 
ted the 26th of May 1797, fays, “ Le Monnier is a pe- 
netrating and philofophical aftronomer : I learned much 
from him in Paris; though I lodged with the late De 
ITfle, where I frequently made obfervations in company 
with Meffier. Le Monnier was the friend of D’Alem- 
bert ; and confequently an oppofer of Lalande.” 

This great man, who had, for fom'e years, ceafed to 
exift either for the icience of aftronomy, or for the com- 
fort of his friends, died at Lizeaux, in the province of 
Normandy, in I799> aged 84 years. He left behind 
him fome valuable manuferipts, and a number of good 
obfervations ; with refpeA to which he had always been 
very whimfical, and of which in his latter years he never 
would publifh any thing. Pie had by him a feries of 
lunar obfervations, and a multitude of obfervations of 
the ftars, for a catalogue of the liars, which he had an- 
nounced fo early as the year 1741 ; among which w as 
twice to be found the new planet Uranus : (See La- 
lande’s djlronomie. Tables, p. 188, (a). The more he 
was requefted to communicate his obfervations, the more 
obftinate he became ; he even threatened to deftroy 
them. At the breaking out of the revolution, Lalande 
was greatly alarmed for the fafety of thefe papers ; 
he wilhed to preferve them from deftruflion, and made 
an attempt to get them into his poirdfion ; but all 
his endeavours were in vain. He was only able to 
learn, that Le Monnier had hidden them under the 
roof of his houfe. Le Monnier having been firll feized 
with a fit of the apoplexy fo early as the 10th of No- 
vember 1791, Lalande apprehended, left, if no one ex- 
cept himfelf Ihould know where he had hidden his pa- 
pers, the infirm old man might perhaps have himfelf 
forgot it. He hopes, however, that La Grange, wdio 
married his fecond daughter, may have fome informa- 
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tion concerning them. Le Monnier left behind him no Monomial* 
fon. If 

MONOMIAL, in algebra, is a fimple or fingle no- ^on^e* • ^ /* ii * p 1 ^ mines. mial, coniitting 01 only one term ; as a or ax, or a* b > --y ‘ 
xJ, &c. 

MONOTRIGLYPbJ, a term in architecture, deno- 
ting the fpace of one triglyph between two pilaitres, or 
two columns. 

MONSELEM1NES, are a people which inhabit 
that part of Biledulgerid (fee Rncycl.^ that borders 
on the territories of the Emperor of Morocco. They 
are a mixed race, being defeended from the ancient A- 
rabs and fugitive Moors ; and they occupy a fpace of 
land, of which the limits are indicated by lofty columns 
placed at intervals towards the defart. Their territory 
extends from about 30 leagues beyond Cape Non, to 
the diftance of 20 leagues from St Croix or Agader. 
Though of different qualities, it is, for the moll part, 
very fertile, and produces the neceffaries of life with 
little cultivation. The plains are watered by an infi- 
nite number of ftreams, and abound with palm, date, 
fig, and almond trees. The gardens produce excellent 
grapes, which are dried by the Arabs, and converted 
into brandy by the Jews. Great quantities of oil, wax, 
and tobacco, appear in the public markets. 

More induftrious and more laborious than their neigh- 
bours, the Monfelemine nation cultivates the earth. 
The chiefs of families choofe the ground moft fit for cul- 
tivation. -Jtsfurface is turned flightly over with a kind 
of hoe, and then the feed is fown upon it : the field is 
furrounded with bufhes, to mark the fpot, and to pre- 
ferve it from the cattle of the wandering Arabs. When 
the crop is ripe, which is generally at the end of Au- 
guft, three months after the fowing of the feed, it is 
cut about fix inches from the ear, and formed into little 
bundles ; during which time every one labours without 
intermiffion from morning to night. The corn is 
brought before the tent, thrafhed, winnowed, and pla- 
ced in the magazines. When the harvelt is over, they 
fet fire to the long Hubble, and abandon the field'for 
two or three years. Their magazines are large holes in 
the earth, formed like thefruftum of a cone, the infides 
of which are hardened by burning wood in them, be- 
fore the half-winnowed corn be depofited. When fil- 
led with corn, they are covered with planks placed 
clofe to each other ; over which a layer of earth is laid 
level with the foil, to prevent it from being difeovered 
by enemies. In thefe magazines every one {hares in 
proportion to the number of men he employed in the 
common labour. 

The inhabitants of the plains remain by the cultiva- 
ted fields in feed time, and return at the time of harveft. 
During the intervals they wander in all directions with 
their cattle, taking only neceffaries along with them, 
and having recourle to the magazines when they re- 
   quire 

(a) Such is the French and German account of his difeovery of this planet but our readers have been very 
inattentive, if they have not perceived, in various articles of this Work, complete proofs of the plagiarifm of our 
neighbours on the Continent, from the celebrated philofophers and divines of England. As it is extremely pro- 
bable that, half a century hence, a claim may be put in for Le Monnier’s difeovery of the Georgium Sidus 
{Uranus), fimilar to that which in 1757 the Editor of Abbe St Real’s works put in for that Abbe being the 
author of Lefhe’s Short Method with the De'tjls (fee Leslie in this Suppi), we think it our duty to declare, 
that in 1800 there was no evidence whatever on which to found that claim, and that the difeovery was then 
univerfally allowed to have been made by Herfchel. 
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Monfclc- quire a fupply. The more opulent people, and the ar- 

m^neil tizans who are engaged in fedentary occupations, dwell 
v in towns, which are all fituated upon the declivity of 

hills. Their houfes are built of done and earth, ac- 
cording to the Moorifh conftrucdion, low and covered 
with floping terraces ; yet they are fo much injured by 
the heavy rains which prevail for three months of the 
year, as to be rendered uninhabitable in 15 or 20 years. 
Thofe who refide in towns are generally weavers, fhoe- 
makers, goldfmiths, potters, &c. and have no cattle ; 
but the more opulent perfons have flocks and herds of 
cows, horfes, camels, iheep, goats, befides poultry, 
which are kept by their Haves at a diftance from the 
towns. In the towns they take two meals a-day ; one 
at ten o’clock, and the other at the fetting of the fun, 
though the inhabitants of the country only eat in the 
evening. In the towns they fleep in mats upon the 
floors of their apartments, and make ufe of linan ; but 
the inhabitants of the country fleep upon terraces in the 
open air. The paftoral families of the country pradkife 
hofpitality like thofe of the defart, and make the tra- 
veller pay nothing for his entertainment. In the towns 
this practice is impofiible, as the concourfe of ilrangers, 
efpecially on market-days, would foon impoverifli the 
inhabitants. In this manner hofpitality is always ex- 
'tinguiflied among a trading and commercial people. It 
is only where the fuperfluity of commodities runs ne- 
ceflarily to wafte, that it is ever praftifed iu a great ex- 
tent ; but where every commodity can find a market, 
every kind of property acquires a definite value, and 
will be preferved with the fame care as money. 

By M. Saugnier the government of the Monfelemines 
is faid to be republican ; but he writes inconfiftently a- 
bout it. In one place, he fays that they choofe their 
chiefs annually ; in another, that in the.time of war they 
choofe from the natives or fugitive Moors indifcri- 
minately, chiefs, whofe authority lafts no longer than 
the campaign, during which it is abfolute ; and he af- 
terwards reprefents their government as a kind of theo- 
cracy, during war as well as peace. But we muft fol- 
low him in his detail, as it has been well arranged in a 
late anonymous publication, entitled, An Hijlorical 
Sketch of Difcoveries in Africa* 

At the end of each campaign, he fays the chief gives 
an account of his adlions to the aflembled aged men, 
and is rewarded or punifhed according to his cnndudk ; 
after which his fucceffor is appointed, and he ferves in 
the army he commanded as an undillinguiflied indivi- 
dual. The country is populous, and would be ftill 
more fo, were it not for the continual wars which its 
inhabitants are obliged to fupport againft; the Emperor 
of Morroco. The liberty they enjoy imparts energy 
and courage to their charafter, and renders their arms 
invincible to the Moors. They confider it as the moll 
invaluable pofleflion, and defend it to the lall extremity. 
The nature of the country, furrounded on every fide by 
fteep and arid mountains, contributes to fruftrate the 
efforts of their enemies. The Monfelemine, richer than 
the fubjedl of Morocco, is always well clothed and arm- 
ed. He pays no tribute, enjoys the fruit of his labour 
and commerce, and, as no contributions are requillte 
for the charges of the Hate, whatever he acquires is 
his own. The fugitive Moors are never armed, ex- 
cept when they go to battle ; but the natives go conti- 
nually armed, whether they refide in the country, refort 

to the markets, attend the aflemblies of the nation, or Monfde» 
pay vifits. ^mines. 

As the Monfelemine territory is the retreat of the 
rich Moors, who wifh to fly from the tyranny of the 
Emperor of Morocco, they are too well acquainted with 
the Moorifh cuftoms to be furprifed by that prince. No 
fooner does a Moorilh army take the field, than the in- 
habitants of the country cantons mount their horfes, 
and occupy the pafles of the mountains ; while the wo- 
men and Haves, efcorted by a fufficient number of war- 
riors, retire to the anterior parts of the country, or, if 
they be hard prefled, to the defart. Among the pafto- 
ral tribes there are many that addidl themfelves entire- 
ly to arms, and ferve as cavalry in the time of war. 
During peace they efcort caravans, or exerciie them- 
felves in military evolutions, and the management of 
their horfes. Being almoft always on horfeback, and 
wearing no boots, they have a callous lump on that 
part of the leg that comes in contadk with the iron of 
the ftirrup. Their horfes, which they break in an ad- 
mirable manner, are the beft in the world : as they are 
treated with great care by their mailers, they know 
them, and are obedient to their voice, and will admit no 
ftranger to mount them. 

The Monfelemines derive their origin and name from 
Mofeilama, a contemporary of Mahomet ; and, in their 
love of liberty, as well as in many of their cuftoms, re. 
femble the Arabs of remoter times. They refpeck the 
prophet like other Mahometans ; but neither believe 
that he was infallible, nor that his defeendants are all 
infpired by God, nor that their will ihould be a law, 
nor that fuch faith is neceflary in order to be a good 
Mahometan. Their priefts are refpedked, and in old 
age generally become the civil judges of the nation ; but 
the influence of the high prieft is almoft defpotic. 
Though he has no troops, he may command the nation'; 
and war and peace depend upon his will. Though he 
has no property, every thing is at his difpofal: he re- 
quires nothing from any one, and yet all are inclined to 
give. He adminifters juftice according to the opinion 
of his counfel, without pretending to be infpired by the 
prophet. 

On Friday the Monfelemines aflemble in their 
mofques to pray : this is likewife the day of their prin- 
cipal market, when their merchandize is expofed to fale 
in the public fquares, where the old men judge without 
appeal, when difputes arife. Different from their 
neighbours of Morocco and Sahara, the Monfelemines 
never attempt to make profelytes. Their Chriftian 
flaves are treated with humanity ; but they owe this to 
the avarice of their mailers. Thefe deteft Chriftians, 
but they love money, and are afraid left ficknefs or 
death Ihould deprive them of the ranfom of the Have, 
or of the advantage of his labour. Among the inha- 
bitants of the defart, a Chriftian, that adopts the reli- 
gion of Mahomet, is admitted as a citizen and member 
of the family, and is prefented with cattle to form an 
eftablilhment. The Monfelemines pay more attention 
to the value of their property than the fituation of the 
infidel. A Chriftian who enters a mofque at Morocco 
is put to death, or forced to affume the turban. The 
Monfelemines would turn him civilly out, and content 
themfelves with impofing the higheft poflible fine. 
Among the Moors, a Chriftian difeovered in an intrigue 
with a woman of that nation fuffers death, or fubmits to 
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eonverfion ; but the Monfelemines prefer money to re- 
ligion. From them the Chriftian has nothing to fear : 
the woman alone is punifhed, being put into a fack and 
thrown into the fea, If a Chriftian Have among the 
neighbouring nations defends himfelf againft his mafter, 
he is punifhed with death ; but money faves him among 
the Monfelemines ; he would at moft receive a flight 
correction. 

The Jews are allowed the free exercife of their reli- 
gion among the Monfelemines, but are treated with the 
fame indignity as among other Mahometan tribes. A 
Jew is not permitted to carry arms ; and if he fhould 
make ufe of them againft an Arab, he would be pu- 
nifhed with death, and probably involve his family in 
his fate. The Jews inhabits the towns only, where 
they follow’ trade and various arts, but are not allowed 
to cultivate the earth. 

Polygamy is permitted, as in other Mahometan coun- 
tries ; but the lituation of the women is more refpedta- 
ble, and they are not fo much fecluded as among the 
Moors. They mingle more in fociety, walk at large, 
and vifit their friends ; neither are their apartments fo 
inviolable. Among the Monfelemines, that degrading 
piClure of humanity is never feen which fometimes oc- 
curs in Morocco, a woman drawing the plough wu’th an 
afs, a mule, or fome other beaft of burden. More hap- 
pier than the women of the Sahara, and treated with 
greater attention by their hufbands, they are more hu- 
mane in their difpolkions. Like other Arab women, 
they ftain the edges of their eyelids black with henna, 
and paint their faces red and yellow. Their children 
are brought up with great care, and are not obliged to 
exhibit proofs of their courage before they can be con- 
fidered as men, as is the cuftom in the defart. Avarice 
is the principal defeCt in the charafter of the Monfele- 
mines. They hoard their money with the utmoft care, 
bury it in the earth, and in many cafes die without dif- 
covering their fecret even to their children. Mifers, 
fays M. Saugnier, fhould go to that country, where 
they would learn means of economy ; which would fhew 
them, that, in comparifon with the Monfelemines, they 
are themfelves perfeCt prodigals. 

The medicinal applications of the Monfelemines, 
which differ not from thofe of the Mongearts and 
other inhabitants of the defart, are extremely Ample,* 
but appear fufficiently complex from the mummery of 
the priefts, who are the depofitories of their medical 
fcience. Flefh wounds are cauterifed with a hot iron, 
and then covered wnth herbs dipped in turtles oil and 
tar. In headachs, a comprefs is applied with fuch vio- 
lence that the blood ftarts from the forehead. In in- 
ternal difeafes, the general remedies are regimen, reft, 
and a few maxims-of the Koran myfterioufly applied to 
the affeCted parts. 

MONTEREY Bay, in North California, was vifit. 
ed in 1786 by La Peroufe, yrho places it in 36° 58' 43" 
N. Lat. and 1240 40' W. Long, from Paris. It is 
formed by New-year point to the north, and by that of 
Cyprus to the fouth; has an opening of eight leagues 
in this dire&ion, and nearly fix of depth to the eaftward 
where the land is fandy and low. The fea breaks there 
as far as the foot of the fandy downs with which the 

coaft is furrounded, with a roaring which may be heard Monterey, 
more than a league off. The lands north and fouth 
of this bay are high, and covered with trees. Thofe 
fliips which are defirous of touching there ought to 
follow the fouth coaft, and after having doubled the 
Point of Pines, which ftretches to the northward, get 
fight of the prefidency, and may come to an anchor in 
ten fathoms within it, and a little within the land of 
this point, which fhelters from the winds from the 
offing. The Spanifh fhips, which propofe to make a 
long ftay at Monterey, are accuftomed to bring up 
whhin one or two cables lengths of the land, in fix fa- 
thoms, and make fall to an anchor, which they bury in 
the fand of the beach ; they have then nothing to fear 
from the foutherly winds, w'hicb are fometimes very 
ftrong ; but, as they blow from the coaft, do not ex- 
pofe them to any danger. The two French frigates, 
which our author commanded, found bottom over the 
whole bay, and anchored four leagues from the land, in 
60 fathoms, foft muddy ground ; but there is a very 
heavy fea, and it is only an anchorage fit for a few hours, 
in waiting for day, or the clearing up of the fog. At 
full and change of the moon it is high water at half 
paft one o’clock : the tide rifes feven feet ; and as this 
bay is very open, the current in it is nearly impercepti- 
ble. It abounds with whales ; a genus of fifties, of 
which our fcientific voyagers knew fo little, that they 
were furprifed at their {pouting water ! 

The coafts of Monterey Bey are almoft continually 
enveloped in fogs, which caufe great difficulty in the 
approach to them. But, for this circuinftance, there 
would be few more eafy to land upon ; there is not any 
rock concealed under water that extends a cable’s length 
from the fhore ; and if the fog be too thick, there is 
the refouree of coming to an anchor, and there waiting 
for a clear, which will enable you to get a good fight 
of the Spanifti fettlement, fituated in the angle formed 
by the fouth and eaft coaft. The fea was covered with 
pelicans. Thefe birds, it feems, never go farther than 
five or fix leagues from the land ; and navigators, who 
{hall hereafter meet with them during a fog, may reft, 
allured that they are within that diftance of it. 

A lieutenant-colonel, whofe refidence is at Monterey, 
is governor of the Californias : the extent of his govern- 
ment is more than 800 leagues in circumference, but 
his real fubjedls confift only of 282 cavalry’, whofe duty 
it is to garrifon five fmall forts,, and to furnifti detach- 
ments of four or five men to eaeh.of the 25 miffions, or 
pariffies, eftabliftied in old and new California. So 
fmall are the means which are adequate to the reftrain- 
ing about 50,000 wandering Indians in this vaft part 
of America, among whom, nearly 10,000 have embra- 
ced Chriftianity. Thefe Indians are, in general, fmall 
and weak (a), and difeover none of that love of liberty 
and independence which chara&erifcs the northern na- 
tions, of whofe arts and induftry they are alfo deftitute. 
Their colour very nearly approaches that of the ne- 
groes w’hofe hair is not woolly ; the hair of thefe people 
is ftrong, and of great length ; they cut it four or five 
inches from the roots. Several among them have a 
beard ; others, according to the miffionary fathers, have 
never had any ; and this is a queftion which is even un- 
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(a) The chief furgeon of the expedition fays they are Jlrongy but ftupid. 
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decided in the country. The governor, who had tra- 
velled a great way into the interior of thefe lands, and 
who had paired 15 years of his life among the favages, 
aifured our author, that thofe who had no beards had 
plucked them up with bivalve (bells, that ferved them 
as pincers : the prefident of the mifiions, who had re- 
dded an equal length of time in California, maintained 
the contrary ;—it was difficult, therefore, for travel- 
lers to decide between them.” The difficulty, furely, 
was not great. By their own account, the governor had 
travelled much farther into the country than the mif- 
fionary ; and his report being confirmed by the evi- 
dence of their own fenfes, was intitled to unlimited cre- 
dit. ' 

Thefe Indians are extremely ikilful in, drawing the 
bow ; they killed, in the prefence of the French, the 
fmalleft birds : it is true, they difplay an inexpreffible 
patience in approaching them ; they conceal themfelves, 
and, as it were, glide along near to the game, feldom 
(hooting till within 15 paces. Their induftry in hunt- 
ing the larger animals is {fill more admirable. Peroufe 
law an Indian, with a (lag’s head fixed upon his own, 
walk on all fours, as if he were broufing the grafs ; and 
he played this pantomime to fuch perfection, that all the 
French hunters would have fired at him at 30 paces, 
had they not been prevented. In this manner they ap- 
proach herds of (lags within a very fmall diftance, and 
kill them with a flight of arrows. 

Before the Spaniffi fettlements, the Indians of Cali- 
fornia cultivated nothing but maize, and almoft entirely 
lived by fifhing and hunting. There is not any coun- 
try in the world which more abounds in fi(h and game 
of every defeription ; hares, rabbits, and (lags are very 
common there ; feals and otters are alfo found there in 
prodigious numbers ; but to the northward, and during 
the winter, they kill a very great number of bears, 
foxes, wolves, and wild cats. The thickets and plains 
abound with fmall grey tufted partridges, which, like 
thofe in Europe, live in foci\#ty, but in large compa- 
nies of three or four hundred ; they are fat, and ex- 
tremely well flavoured. The trees ferve as habitations 
to the mod delightful birds; and the ornithologifts of 
the voyage (luffed a great variety of fparrows, titmice, 
fpeckled wood-peckers, and tropic kirds. Among the 
birds of prey are found the white-headed eagle, the great 
and fmall falcon, the gofs-hawk, the fparrow-hawk, the 
black vulture, the large owl, and the raven. On the ponds 
and fea-(hore are feen the wild duck, the grey and 
white pelican with yellow tufts, different fpecies of 
gulls, cormorants, curlews, ring.plovers, fmall fea water 
hens, and herons ; together with the bee-eater, which, 
according to mod ornithologids, is peculiar to the old 
continent. 

The country about Monterey Bay is inexprcffibly 
fertile. The crops of maize, barley, corn, and peafe, 
cannot be equalled but by thofe of Chili ; our Europe- 
an cultivators can have no conception of a fimilar ferti- 
lity ; the medium produce of corn is from feventy to 
eighty for one ; thf extremes fixty and a hundred. 
Fruit trees are dill very rare there, but the climate is 
extremely fuitable to them : it differs a little from that 
of the fouthern French provinces. The fored trees are, 
the done-pine, Cyprus, evergreen oak, and occidental 
plane-tree. There is no underwood ; and a verdant 
carpet, over which it is very agreeable to walk, covers 

the ground. There are alfo vad favannahs, abounding Monterey, 
with all forts of game. _ — 

Peroufe writes with great refpedl of the wife and pi- 
ous condudl of the Spanifli miffionaries at Monterey, 
who fo faithfully fulfil the purpofe of their inditution. 
Totally unlike the monks at Conception in Chili (fee 
that article in this Suppi), they have left the lazy life 
of a cloitler, to give themfelves up to cares, fatigues, 
and folicitudes of every kind. They invited the officers 
of the frigates to dine with them at their monadery, 
contiguous to which dands the Indian village, confid- 
ing of about 50 cabins, which ferve as dwelling-places 
to 740 perfons of both fexes, comprifing their children, 
which compofe the miffion of Saint Charles, or of Mon- 
terey. Thefe cabins are the mod miferable that are to 
be met with among any people ; they are round, fix 
feet in diameter*, by four in height ; fome dakes, of the 
fize of an arm, fixed in the earth, and which approach 
each other in an arch at the top, compofe the timber 
work of it ; eight or ten bundles of draw, very ill ar- 
ranged over thefe dakes, defend the inhabitants, well 
or ill, from the rain and wind ; and more than half of 
this cabin remains open when the weather is fine ; their 
only precaution is to have each of them two or three 
bundles of draw at hand by way of referve. 

All the exhortations of the miffionaries have never 
been able to procure a change of this general architec- 
ture of the two Californias. The Indians fay, that they 
like plenty of air ; that it is convenient to fet fire to 
their houfes when they are devoured in them by two 
great a quantity of fleas ; and that they can build ano- 
ther in lefs than two hours. The independent Indians, 
who as hunters fo frequently change their places of a- 
bode, have a llronger motive. 

The monks gave the mod complete information re- 
fpedling the government of this fpecies of religious com- 
munity ; for no other name can be given to the legifla- 
tion they have edablifhed. They are fuperiors both in 
fpiritual and temporal affairs : the produdls of the land 
are entirely entrufted to their adminiftration. There 
are feven hours allotted to labour in the day, two hours 
to prayers, and four or five on Sundays and fedivals, 
which are altogether dedicated to red and divine wor- 
ffiip. Corporal puniihments are inflidled on the Indians 
of both fexes who negledl pious exercifes ; and feveral 
fins, the punifhment of which in Europe is referved on- 
ly to Divine Judice, are punifhed with chains or the 
docks. 

The Indians, as well as the miffionaries, rife with the 
fun, and go to prayers and mafs, which lad an hour ; 
and during this time there is cooked in the middle of 
the fquare, in three large kettles, barley meal, the grain 
of which has been roalted previous to being ground ; 
this fpecies of boiled food, which the Indians call atole, 
and of which they are very fond, is feafoned neither 
with fait nor butter, and to us would prove a very inii- 
pid mefs. Every cabin lends to take the portion for 
all its inhabitants in a veffel made of bark : there is not 
the lead confufion or diforder ; and when the coppers are 
empty, they diilribute that which dicks to the bottom 
to the children who have bed retained their leffons of 
catechifm. This meal continues three quarters of an 
hour, after which they all return to their labours ; 
fome go to plough the earth with oxen, others to dig 
the garden ; in a wor^> every one is employed in diffe- 
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mercy, rent domeftic occupations, and always under the fuper- 
intendance of one or two of the religious. 

The women are charged with little elfe but the care 
of their houfewifery, their children, and roafting and 
grinding the feveral grains : this lafl operation is very 
long and laborious, becaufe they have no other means 
of doing it but by crufhing the grain in pieces with a 
cylinder upon a ilone. M. de Langle, being a witnefs 
of this operation, made the mifiionaries a preient of his 
mill ; and a greater fervice could not have been render- 
ed them, as by thefe means tour women would in a day' 
perform the work of a hundred, and time enough 
will remain to fpin the wool of their Iheep, and to ma- 
nufa&ure coarfe ftuffs. 

At noon the dinner was announced by the bell; the 
Indians quitted their work, and fent to fetch their ra- 
tions in the iame veffels as atbreakfalt: but this fecond 
mefs was thicker than the firft ; there was mixed in it 
corn and maixe, and peafe and beans ; the Indians name 
it poujfole. They return again to their labour from two 
o’clock till four or live ; afterwards they attend evening 
prayers, which continue near an hour, and are follow- 
ed by a new ration of atole like that at breakfalt. 
Thefe three diftributions are fufficient for the fubfilt- 
ence of the far greater number of Indians ; and this 
very economical foup might perhaps be very profita- 
bly adopted in our years of fcarcity ; fome feafoning 
would certainly be necelfary to be added to it, their 
whole knowledge of cookery confiding in being able to 
road the grain before it is reduced into meal. As the 
Indian women have no vefiels of earth or metal for this 
operation, they perform it in large baflcets made of bark, 
over a little lighted charcoal: they turn thefe veflels 
with fo much rapidity and addrefs, that they effeft 
the fwelling and burding of the grain without burning 
the balket, though it is made of very combudible ma- 
terials. 

The corn is didributed to them every morning ; and 
the fmailed difhonedy, when they give it out, is pu- 
nifhed by whipping : but it is very feldom, indeed, they 
are expofed to it. Thefe punifhments are adjudged by 
Indian magidrates, called caciques; there are in every 
million three of them, chofen by the people from a- 
mongd thofe whom the miffionaries have not excluded : 
but thefe caciques are like the governors of a planta- 
tion, pafiive beings, blind executors of the will of their 
fuperiors ; and their principal fun&ions confid in ferving 
as beadles in the church, and their maintaining order 
and an air of contemplation. The women are never 
whipped in public, but in an enclofed and fomewhat 
didant place, led perhaps their cries might infpire too 
lively a compafiion, which might dimulate the men to 
revolt ; thefe lad, on the contrary, are expofed to the 
view of all their fellow-citizens, that their punifiiment 
may ferve as an example. In general they alk pardon ; 
in which cafe the executioner leifens the force of his 
lafhes, hut the number of them is never receded from. 

The rewards are particular fmall didributions of grain, 
of which they make little thin cakes, baked on burning 
coals : and on the great fedivals the ration is in beef; 
many of them eat it raw, efpecially the fat, which they 
edeem equal to the bed butter or cheefe. They ficin 
all animals with the greated addrefs ; and when they 
are fat, they make, like the ravens, a croaking of plea- 
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fure, devouring, at the fame time, the mod delicate MoMercy, 
parts with their eyes. ——y——. 

They are frequently permitted to hunt and fifh otr 
their own account ; and on their return they generally 
make the miffionaries forne prefent in game and fifh ; 
but they always proportion the quantity to what iY 
ablolutely necedary for them, always taking care to 
increafe it if they hear of any new gueds who are on a 
vifit to their fuperiors. The women rear fowls about 
their cabins, the eggs of which they give their children. 
Thefe fowls are the property of the Indians, as well as 
their clothes, and other little articles of houfehold furni- 
ture, and thofe neceffary for the chace. There is no 
indance of their having robbed each other, though their 
fadenings to the doors confid only of a limple bundle 
of draw, which they place acrofs the entrance when all 
the inhabitants are abfent. 

The men in the miffions have facrificed much more 
to Chridianity than the women ; becaufe they were ac- 
cudomed to polygamy, and were even in the cudom of 
efpouiing all the liders of a family. The women, on 
the other hand, have acquired the advantage of exclu- 
fively receiving the carefies of one man only. With 
this, however, it would appear that they are not fatisfied; 
for the religious have found it neceffary to conditute 
themfelves the guardians of female virtue. At an hour 
after fupper, they have the care of dmtting up, under 
lock and key, all thofe whofe hulbands are abfent, as 
well as the young girls above nine years of age ; and 
during the day they are eutruded to the fuperinten- 
dance of the matrons. So many precautions are dill 
infufficient; for our voyagers faw men in the docks, 
and women in irons, for having deceived the vigilance 
of thefe female argufies, who had not been fufficiently 
Iharp-fighted. 

The converted Indians have preferved all the ancient 
ufages which their new religion does not prohibit ; the 
fame cabins, the fame games, the fame drefles : that of 
the tiched confids of an otter’s Ikin cloak, which co- 
vers their loins, and defeends below their groin ; the 
mod lazy have only a fimple piece of linen cloth, with 
which they are furnifiied by the miflion, for the pur- 
pofe of hiding their nakednefs ; and a fmall cloak of 
rabbit’s ficin covers their {boulders, which is fadened 
with a pack-thread under the chin ; the head and the 
red of the body is abfolutely naked ; fome of them, 
however, have hats of draw, very neatly matted. The 
womens drefs is a cloak of deer ficin, ill tanned ; thofe 
of the miffions have a cudom of making a fmall boddice 
with fleeves, of them : it is their only apparel, with a 
fmall apron of rufiies, and a petticoat of dag’s flein, 
which covers their loins, and defeends to the middle of 
the leg. The young girls, under nine years of age, 
have merely a fimple girdle ; and the children of the 
other fex are quite naked. 

The independent favages are very frequently at war ; 
but the fear of the Spaniards makes them refpeft their 
miffions ; and this, perhaps, is not one of the lead 
caufes of the augmentation of the Chridian villages. 
Their arms are the bow, and arrow pointed with a flint 
very flcilfully worked : thefe bows are made of wood, 
and drung with the finews of an ox. Our author was 
affured, that they neither eat their prifoners, nor their 
enemies killed in battle; that, neverthelefs, when they 

M m had 



MOO [2 
had vanquifhed, and put to death on the field of battle, 
chiefs, or very courageous men, they have eaten fome 
pieces of them, lefs as a hgn of hatred or revenge, than 
as a homage which they paid to their valour, and in 
the full perfuafion that this food would be likely to in- 
creafe their own courage. I hey fcalp the vancjuifhed 
as in Canada, and pluck out their eyes ; which they 
have the art of preferving free from corruption, and 
which they carefully keep as precious figns of their vic- 
tory. Their cuftom is to burn their dead, and to depo- 
fit their allies in morals. 

MOORS, in common language, are the natives of 
Morocco, of whom an account is given under that 
title in the Encyclopedia ; but there is another people, 
a mixed race, called alfo Moors, who lead a wandeting 
and paftoral life in the habitable parts of the Great 
Defert, and in the countries adjacent to it. Of the ori- 
gin of thefe Moorifh tribes, as diftinguifhed from the 
inhabitants of Barbary, nothing farther feems to be 
known than what is related by John Leo the African ; 
whofe account may be abridged as follows : 

Before the Arabian conqueft, about the middle of 
the feventh century, all the inhabitants of Africa, whe- 
ther they were defcended from Numidtans, Phoenicians, 
Carthaginians, Romans, Vandals, or Goths, were com- 
prehended under the general name of Mauri, or Moors. 
All thefe nations were converted to the religion of 
Mahomet, during the Arabian empire, under the Ka- 
liphs. About this time many of the Numidian tribes, 
who led a wandering life in the defert, and fupported 
themfelves upon theproduce of their cattle, retired fouth- 
ward acrofs the Great Defert, to avoid the fury of the 
Arabians ; and by one of thofe tribes, fays Leo (that 
of Zanhaga), were difcovered, and conquered, the Ne- 
gro nations on the Niger. By the Niger, is here un- 
doubtedly meant the river of Senegal, which in the Man- 
dingo language is called Bafing, or the Black River. 

To what extent thefe people are now fpread over 
the African continent, it is difficult to afcertain. There 
is reafon to believe, that their dominion llretches from 
weft to eaft, in a narrow line or belt, from the mouth 
of the Senegal (on the northern fide of that river) to 
the confines of Abyffinia. Mr Park defcrihes them as 
rtfembling, in complexion, the Mulattoes of the Weft 
Indies, and as having cruelty and low cunning pi&ured 
in their countenances. “ From the ftaring wildnefs in 
their eyes (fays he), a ftranger would immediately fet 
them down as a nation of lunatics. The treachery and 
malevolence of their charafber are manifefted in their 
plundering excurfions againft the Negro villages. Of- 
tentimes, without the fmalleft provocation, and fome- 
times under the faireft profcilions of friendlhip, they will 
fuddenly feize upon the Negroes cattle, and even on the 
inhabitants themfelves. rl hs Negroes very feldom re- 
taliate. The enterprifing boldnels of the Moors, their 
knowledge of the country, and, above all, the fuperior 
fieetnefs of their horfes, make them fuch formidable ene- 
mies, that the petty Negro ftates, which border upon 
the defert, are in continual alarm while the Moorifh 
tribes are in the vicinity, and are too much awed to 
think of reliftance. 

“ Like the roving Arabs, the Moors frequently re- 
move from one place to another, according to the fea- 
fon of the year, or the convenience of pafturage, In 
she month of February, when the heat of the fun fcorches 
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up every fort of vegetation in the defert, they ftrike Moors, 
their tents, and approach the Negro country to the ,Morin^ 
fouth ; where they refide until the rains commence, in ’ ' 
the month of July. At this time, having purchafed 
corn, and other necefiaries from the negroes, in ex- 
change for fait, they again depart to the northward, 
and continue in the defert until the rains are over, and 
that part of the country becomes burnt up and barren. 

“ This wandering and reftlefs way of life, while it 
inures them to hardfhips, ftrengthens, at the fame time, 
the bonds of their little fociety, and creates in them an 
averfion towards ftrangers, which is almoft infurmount- 
able. Cut off from all intercourfe with civilized na- 
tions, and boafting an advantage over the Negroes, by 
poffeffing, though in a very limited degree, the know- 
ledge of letters, they are at once the vaineft and proud- 
eft, and perhaps the molt bigotted, ferocious, and into- 
lerant, of all the nations on the earth ; combining in 
their character the blind fuperftition of the Negro with 
the favage cruelty and treachery of the Arab.” But 
for them Mr Park would have accomplifhed the utmoft 
objedt of his miffion, and have reached Tombudtoo, and 
even Houffa, with no other danger than what arifes ne- 
ceffarily from the climate, from wild beads, and from 
the poor accommodation afforded in the huts of the 
hofpitable Negroes. The wandering Moors, however, 
have all been taught to regard the Chriftian name with 
inconceivable abhorrence ; and to confider it nearly as 
lawful to murder a European as it would be to kill a 
dog. It is, therefore, much lefs ftirprifing that our 
traveller did not proceed farther along the banks of the 
Nigre, than that he efcaped the fnares of fo relentlefs a 
people. 

MO RIND A, is a plant, of which a very meagre de- 
feription has been given in the Encyclopedia, though it 
is of much importance in oriental commerce. It is cul- 
tivated to a great extent in the province of Maleva, in 
the Eaft Indias, where it furnifhes a valuable dye-fluff; 
and is thus deferibed by William Hunter, Efq ; in the 
fourth volume of the Afiatic refearches : 

“ It is a tree of a middling fize ; the root branchy ; 
the trunk columnar, ere (ft, covered with a fcabrous bark. 
Branches, from the upper part of the trunk, fcattered 
of the ftrudlure of the trunk. Leaves (feminal) oval, 
obtufe, entire (mature), oppofite, decuffated, ovate, 
pointed at both ends, fmooth, with very fhort petioles. 
Stipules, lanced, very fmall, withering. Peduncles, from 
the axils of the leaves, folitary, bearing an aggregate 
flower. Calyx, common receptable roundifh, collecting 
the feffile flowers into an irregular head. Perianth, 
mofl entire, fcarce obfervable above. Coral, one petal- 
led, funnel-form. Tube, cylindric : Border, five cleft; 
the divifions lanced. Stamen : Filaments, five, thread- 
form, arifing from the tube, and adhering to it through 
two thirds of their length, a little ihorter than the tube. 
Anthers, linear, eredt. Piftil. Germ, beneath, four-cel- 
led, containing the rudiments of four feeds. Style,. 
thread form, longer than the ilamens. Stigma, two cleft, 
tbickifh. Pericarp, common, irregular, divided on the 
furface into irregular angular fpaces ; compofed of ber- 
ries, pyramidal, compreffed on all fides by the adjacent 
ones, and concreted with them; lopped; containing 
towards the bafe a flefhy pulp. Seeds, in each berry 
four ; towards the point oblong, externally convex, in- 
ternally angular.^ 

The 
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The fpecies here defertbed is the wriwla arborea fie 

dunculis foliiariis of Linnaeus. It grows belt in a black 
rich foil, free from Hones, in fituations moderately moift, 
not too high, yet fufficiently elevated to prevent the 
rain water from Hagnating, and where a fupply of wa- 
ter can be had for the dry months. As the colouring 
matter, for which alone it is valuable, refidts chiefly in 
the bark of the root, the fmall twigs, which contain 
little wood, bear a higher price than the larger pieces. 
The natives employ it in dyeing a pale red, or clay co- 
lour ; which Mr Hunter fays is more valuable for its 
durability than for its beauty. They likewife ufe it in 
dyeing a dark, purple or chocolate colour; but for the 
procefs, in both cafes, we mufl refer to the original me- 
moir. 

MORION, in botany, a name given by the ancients 
to a kind of nightfhade. See Solanum, Encycl. 

Morion, in ancient mineralogy, a name given to one 
of the femipellucid gems, more commonly called pram- 
nion. It is a Hone appearing externally of a fine deep 
black ; but when held up again!! a candle, or again!! 
the fun-beams, it gives a very beautiful red in different 
degrees. 

MOSHAIRA, or Moshahereh, penfion or allow- 
ance in Bengal. 

MOSS, the name given in Scotland, and we believe 
alfo in fome parts of England, to what is more proper- 
ly called a morafs, a fen, or a bog. On the formation 
of thefe mo!fes fome conjectures have been hazarded in 
the Encyclopedia, where the reader will likewife find a 
copious account of the method which has for many 
years been fuccefsfully employed to convert the Moss 
of Kincardine into an arable foil, or rather to remove 
the fubftance called mofs or peat from the rich foil which 
is found below it. A method, however, has been in- 
vented by Mr John Smith of Swindrig-muir, in the 
(hire of Ayr, for adually converting the fubftance called 
mofs into a vegetable mould, which has been found by 
experience to carry rich crops of corn, hay, potatoes, 
&c. Of this gentleman’s pra&ice we have the follow- 
ing account in a fmall pamphlet publifhedin Edinburgh, 
1798, by Fairbairn and Dickfon. 

“ The fir!! thing to be done is to mark off, and cut 
out, proper main or mailer drains, in order to carry off 
the fuperfluous water, taking care to preferve the great- 
eft poffible level ; which drains are fo conlfru&ed as to 
divide the field into inclofures from fix to ten Scotch 
acres. If the mofs hangs or declines, the inclofures 
may be of any dimenfion whatever. The dimenfions of 
thefe drains when firlf made are eight feet wide, by 
four and a half feet deep, declining to two and a half 
feet at bottom, and coft at the rate of one fhilling per fall 
of eighteen and a half feet, running meafure. The ridges 
are then to be marked off regularly, fix or feven yards 
broad, formed with the fpade in the manner following : 

“ In the centre of each ridge, a fpace of about 20 
inches is allowed to remain untouched, on each fide of 
which a furrow is opened, and turned upon the un- 
touched fpace, fo as completely to cover it (like what 
is called the feering of a gathered ridge). Thus be- 
gun, the work is continued, by cutting with the fpade, 
in width about 1 2 inches, and turning it over to ap- 
pearance as if done with a plough, until you come to 
the divifion furrow, which fhould be two feet wide, cut 
out and thrown upon the fides of the ridges. The 
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depth of the divifion furrow is to be regulated by cir* 
cumftances, according as the mofs is wet or dry, but 
fo as to anfwer the purpofe of as it were bleeding the 
mofs, and conducing the water to the main drains. 

“ It may be here obferved, that the fuccefs of the 
aftercrops depends very much upon a proper formation 
of the ridges. They muft not be made too high in the 
middle, for there they will be too dry like a peat, up- 
on which the lime cannot aft, and near the furrows they 
will be too wet, which is equally prejudicial; they 
fiiould therefore be conftrufted with a gentle declivity 
to the furrows, fo as the rain which falls may rather 
filtrate through the ridge to the furrows^ than run' 
quickly off the furface. 

“ The next operation is to top-drefs the t i Jges with 
lime, at the rate of from four to eight chalders per acre. 
Five Winchefter bufhels make a boll, and eight bolls a 
ehalder of fhell lime, producing fixteen bolls powdered 
lime. The quicker the lime is put on after being flack- 
ed the better. 

“ The proper feafon to prepare the inofs for a fir!! 
crop is early the preceding lummer ; in that cafe the 
lime, aided by the heat, the after rains, and the winter 
frofts, makes coniiderable progrefs in the procefs of pu- 
trefaftion, confequently forms a mould to receive the 
feed. 

“ Though oats have fometimes fucceeded as a firfl 
crop, potatoes have been found greatly preferable. The 
method of planting them is fimple, and attended with 
little expence. The mofs, prepared by ridges, and 
limed as before deferibed, beds for the potatoes are, in 
the fpring, marked off, acrofs the ridges, five or fix feet 
broad, with intermediate fpaces of about two feet, as 
furrows or trenches. The beds are covered over with 
a thin ftratum of dung, about eighteen fingle-horfe carts 
to an acre, the cuttings of the potatoes are laid or pla- 
ced upon the beds, about < en or twelve inches afun- 
der, and the whole covered over with a thin ftra- 
tum of mofs from the intermediate trenches, which is 
followed by another covering from the trenches when 
the potatoe plants make their firl! appearance ; the co- 
vering in whole four or five inches. In this ftate they 
remain without any hoeing till the crop is taken up. 
The produce on Mr Smith’s mo!s has never been lefs 
than from forty to fifty bolls of excellent potatoes, eight 
Winchefter bufhels to the boll, and the buflitl a little 
heaped. 

“ When the potatoe crop is removed, the ridges are 
again formed as before detcribed, and the divifion fur- 
row cleared out. In performing this part of the work, 
it will naturally occur, that a great part of the manured 
furface will be buried in filling up the trenches between 
the potatoe beds : but that is not the cafe ; the work- 
man makes two cuts with the fpr.de, at eighteen inches 
diftance, upon the fide of the trench ; another, (me foot 
from the edge of it, as deep as the trench ; which, in- 
ftead of turning over, he preffes a foot forward into the 
trench, which is continued the length of it ; and when 
he comes to the other fide he does the fame, making 
both meet, and fo proceeds ; fo that no part of the ma- 
nured furface is thrown down, and the ridge is left in * a 

the fame form as before the lazy-btds* were made. tifh phrafe 
u When the potatoe crop is taken off, and the ridges for beds of 

formed as before deferibed, they remain in that ftate a ParUcular 

till fpring, when oats are fown (a wet or dry feafon has^j^0* P0"' 
Mm2 from 
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Mofs. from experience been found a matter of indifference), 

and harrowed in with a fmall harrow drawn by two 
men. Four men with eafe harrow at leaff one acre one 
rood per day, two and two by turns with the harrow, 
and the other two in the interim with fpades, fmooth- 
ing the inequalities, breaking and dividing the mould, 
and clearing out the diviffon furrows ; which hff in all 
operations upon mofs are effentially neceffary. The 
early or hot feed oats are always preferred for feed. 
The late or cold feed runs too much to ftravv, falls 

% down, and becomes (loorny, confequently the grain is of 
mean quality, and unproduttive in meal. 

“ The produce of the firll crop of oats after potatoes 
is feldom lefs than ten bolls per acre, the Linlithgow 
boll of fix Winchefter bulhels,'and contiderably more 
has been known ; as good grain in quality, and meals 
as well as any in the country. It has been fold when 
growing, what is called upon the foot, including the 
ftraw, from eight to ten pounds per acre. To prepare 
for a fecond crop of oats, the ridges muff be dug acrofs, 
and turned diver it) the manner before deferibed, and the 
divifion furrow's cleared out as foon as convenient after 
the firit crop is removed. 

“ Such is the effeit of lime in confolidating mofs, aid- 
ed by the draining, that often after the fecond, and al- 
ways after the third year, it can be ploughed by horfes 
within two bouts or Hitches of the divifion furrow ; and 
alfo harrowed by horfes, and the crops taken off by 
carts. 

“ Five and often fix confecutive crops of oats are ta- 
ken, without any other manure than what it received 
the firft year for .potatoes, without any apparent figns 
of it being exhauiled. The produce of the firff two 
crops of oats has been mentioned to be ten bolls, and 
the third, fourth, fifth, and fixth, produce from fix to 
ten bolls per acre. The mofs is now turned into a 
feeming rich dark brown mould ; and what renders it 
lefs produ&ive of corn crops the fourth, fifth, and fixth 
years is, its naturally running into fweet and luxuriant 
graffes. The foft meadow grafs, the daily, forne plain- 
tain, but principally the white clover, are the moft pre- 
valent grafles ; or more probably it may be^aferibed to 
tfiefe crops being ploughed, in place of being dug with 
the fpade, as the former years were. Along with the 
fifth or fixth crop of oats,, rye grafs is fown, which, with 
the natural grafles in. general, produce an abundant crop 
of hay. 

“ If the mofs in the original ftate has been w'et and 
fpongy, it will be found to have fubfided fome feet af- 
ter the third or fourth year’s operation has been per- 
formed ; but care muff always be taken to deepen, clear 
out, and keep clear the main drains and the divifion fur- 
rows, to prevent a fuperabundance of moiffure, which 
would infallibly be the cafe were they negledled in con-, 
fequence of the fubfidence of the mofs. Indeed mofs 
of all forts will fubfide lefs or more, in proportion as it 
has been dry or wet in its original ftate ; at the fame 
time, as ftated before, care muff be taken not to lay it 
too dry, but to keep in a proper degree of temperature 
between thefe two extremes.” 

By having recourfe to the pamphlet from which this 
extract has been made, the reader may fatisfy himfelf of 
the real advantages of this fpecies of agriculture. The 
author calculates, with much apparent fairnefs, the ex- 
pence of improvement, and the value of each crop, and 

concludes that no wafte can be improved with equal ad- 
vantage as mofs. It muff not, however, be concealed, 
that we have heard prailical farmers, who feemed to be 
acquainted with the fubjeft, give it as their opinion 
that this mode of cultivation anfwers only in moffes of 
no great depth ; though our author affirms that it has 
with great fuccefs been prattifed by Mr Smith in moffes 
of the depth of 14 feet. 

MOTION in fluids. When in the publication of 
this Supplement we had arrived, at the title Fluids, we 
were {truck wuth the importance given, in fome of the 
journals, to The Experimental Refearches Venturi con- 
cerning the Principle of the lateral communication of Mo- 
tion in Fluids, applied to the Explanation of various Hy- 
draulic Phenomena. Of thefe refearches we intended to 
lay an abridged account before our readers under the 
prefent title ; but having examined the work with fome 
attention, we find in it hardly anything of confequence 
which the mechanical philofopher may not learn from 
our articles Resistance of Fluids and River in the 
Encyclopedia. That our readers, however, may find 
fomething under a title to which w’e raffily referred 
th em, we ffiall, in the words of Nicholfon’s Journal of 
Natural Philo fop by, &c. inform them what Venturi’s 
work contains. 

“ This author, who is profeffor of experimental phi- 
lofophy at Modena, has introduced an horizontal cur- 
rent of water into a veflel filled with the fame fluid at 
reft. Thisftream entering the vefltl with a certain ve- 
locity, paffes through a portion of the fluid, and is the a 
received in an inclined channel, the bottom of which 
gradually rifes until it pafles over the border or rim of 
the veflel itfelf. The effetft is found to be, not only 
that the ftream itfelf pafles out of the veflel through 
the channel, but carries along with it the fluid contain- 
ed in the veflel; fo that after a ffioit time no more of 
the fluid remains than was originally below the aperture 
at which the ftream enters. This fad is adopted as a 
principle or primitive phenomenon by the author, un- 
der the denomination of the lateral communication of 
motion in fluids, and to this he refers many important 
hydraulic fads. He does not undertake to give an ex- 
planation of this principle, but fliews that the mutual 
attradion of the particles of water is far from being a 
fnfficient caufe to account for it. 

The firft phenomenon which the author propofes to 
explain by this eftabliflied principle, is the emiffion of a 
fluid through different adjutages applied to the refervoir 
which contains it. It is known that the vein of fluid 
which iffues from an orifice or perforation through a 
thin plate, becomes contraded, fo as to exhibit a fec- 
tion equal to about 0,64 of the orifice itfelf, fuppofed 
to be circular ; and that the place of the greateff con. 
tradion is ufually at the diftance of one femi-diameter 
of the orifice itfelf. If a fmall adjutage be adapted to 
the orifice, having its internal cavity of the fame conoi- 
dal form as the fluid itfelf affeds in that interval, the 
expenditure is the fame as by the Ample orifice. But 
if at the extremity of this adjutage a cylindric tube be 
affixed, of a greater diameter than that of the contrad- 
ed vein, or a divergent conical tube, the expence of fluid 
increafes, and may exceed the double of that which 
palfes through the aperture in the thin plate, though, 
the adjutage poffefs an horizontal or even afeending di- 
redion. 

By 

Motion, 
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Motion. By the interpofition of a fmall adjutage, adapted to 
-~v ' the form of the contracted vein, Venturi afcertained, in 

the firit place, that there is an increafe of velocity in 
the tubes he employed, though the vel city of emiffion 
itfelf be lefs than that of the itream which iffues from a 
hole in a thin plate. He afterwards proves, by the fact, 
that the interior velocity and expenditure of fluid, 
which is increafed through tubes, even in the horizon- 
tal orafcending direftion, is owing to the preflure of the 
atmofphere. If the fmallell hole be made in the fide 
of the tube near the place of contraction of the vein, 
the increafed expenditure does not take place ; and 
when a verticle tube is inferted in fuch a hole, the low- 
er end of which tube is immerfed in water or mercury, 
it is found that afpiration takes place, and the water or 
mercury rifes ; and this afpiration in conical tubes is 
lefs in proportion, as the place of infertion of the up- 
right tube is more remote from the feCtion where the 
greateft contraction would have taken place. And, 
laitly, the difference between the expenditure of fluid, 
through an orifice made in a thin plate, and that which 
is observed through an additional tube, does not take 
place in vacuo. 

The influence of the weight of the atmcfphere on 
the horizontal or afcending flux being thus eflabhfhed, 
the author confiders it as a fecondary caufe, referable 
to, and explicable by, his principle of the lateral com- 
munication of motion in fluids. In conical divergent 
tubes, for example, the efteCt of this lateral communica- 
tion is, that the central cylindrical jet, having for its ba- 
fis the feftion of the contraCIed vein, carries with it the 
lateral fluid which would have remained flagnant in the 
enlarged part of the cone. Hence a vacuum tends to 
be produced in this enlarged part which furrounds the 
central cylindric ftream ; the prefl’ure of the atmofphere 
becomes adlive'to fupply the void, and is exerted on the 
furface of the reiervoir, fo as to increafe the velocity of 
the fluid at the interior extremity of the tube. 

The author proves, that the velocity or total expen- 
diture of fluid through an aperture of given dimenfions, 
may be increafed by a proper adjutage in the propor- 
tion of 24 to 10 ; he applies this refult to the conflruc- 
tion of the funnels of chimneys. He determines the 
lofs of emitted fluid, which may be fuflained by finuoii- 
ty in pipes. He fhews by experiment, that a pipe 
which is enlarged in any part affords a much lefs quan- 
tity of fluid than if it were throughout of a diameter 
equal to that of its fmaileft feftion. This, as he re- 
marks, is a circumftance to which fufficient attention 
has not been paid in the conltruftion of hydraulic ma- 
chines. It is not enough to avoid elbows and contrac- 
tions ; for it fometimes happens that, by an interme- 
diate enlargement, the whole of the advantage arifing 
from other judicious difpofitions of the parts of the ma- 
chine is loft. 

There are two cafes of the increafe of expenditure 
through defcending pipes. The firft is owing to the 
lateral communication of motion which takes place in 
defcenciing pipes, in the fame manner as in thofe which 
pofl’efs an horizontal fituation ; the fecond arifes from 
the acceleration by gravity which takes place in 
the fluid while it falls through the defcending tube. 
This fecond kind of augmentation was known to the 
ancients, though they pofleffed no good theory nor de- 
cifive experiments refpefting it. The author endeavours 
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to eftablifh a theory on the principle of virtual afcenfion 
combined with the preflure of the atmofphere. His 
deduftions are confirmed byr experiment, in which he 
has fucceeded fo far as to feparate the two caufes of 
augmentation, and affigned to each their rcfpeftive de- 
gree of influence. 

Profeflbr Venturi then proceeds to different objefts 
of enquiry, to which his principle feemed applicable. 
He gives-the theory of the water-blowing machine (fee 
Water. Blowing Machine in this Suppl.), and he deter- 
mines by calculation the quantity of air which one of 
thefe machines can afford in a given time. He obferves, 
that the natural falls of water in the mountains always 
produce a local wind ; and he even thinks, that the 
falling ftreams in the internal parts of mountains are 
in fome inftances the caufe of the winds which iffue 
from caves. He proves, by the fafts, that it is pofiible, 
in certain inftances, to carry off, without any machi- 
nery, the waters from a fpot of ground, though it may- 
be lituated on a lower level than that of the channel 
which is to receive the water. 

The whirlpools, or circular eddies of water fo fre- 
quent in rivers, are, according to the theory of our au- 
thor, the effeft of motion communicated from the- parts 
of the current which are molt rapid, to thofe lateral 
parts which are leaft fo. In the application of this 
principle, he points out the circumftances adapted to 
produce fuch eddies at the furface or at the bottom of 
rivers. He concludes, that every movement ot this 
kind deftroys a part of the force of the current, and 
that in a channel through which water conftantly flows, 
the height of this fluid will be greater than it would 
have been if the dimenfions of the channel had been 
uniformly reduced to the meafure of its fmaileft fec- 
tion. 

There is another kind of whirling motion fomewhat 
different in its nature from thefe laft. It is produced 
in the water of a refervoir, when it is fullered to flow 
through an horizontal orifice. The author deduces the 
theory of thefe vortices from the doftrine of central 
forces. The form of the hollow funnel, which in this, 
cafe opens through the fluid of the. refervoir, is a curve 
of the 64th fpecies of the lines of the third order, enu- 
merated by Newton. Theory and experiment both 
unite here in proving, that it is cot only polfible, but 
that there really exifls in nature a vortex, the concavity 
of which is convex towards the axis,.and of which the 
revolutions of its different parts follow the ratio of the 
fquare of the diftance from the centre. Daniel Ber- 
noulli was in the wrong, in his Hydrodynamics, to re- 
proach Newton for having fuppofed a vortex to be mo- 
ved according to this law. 

In the lafl place* the author confiders that lateral 
communication of* motion which takes place in the air 
as well as in the water. This is the caule of fuch local 
and partial winds as fometimes blow contrary to the di- 
rection of the general wind. It is by virtue of the fame 
principle, that the refonant vibration, excited lateral- 
ly in the extremity of an organ-pipe, is communica- 
ted to the whole column of air contained in the pipe 
itfelf,. 

From the fame principle, the author deduces the aug- 
mentationof force which found receives in conical di- 
vergent tubes, compared with thofe of a cylindrical 
form. On this occufion, he points out the remarkable 

diffe? 
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differences which appear to take place between the re- 

|1 fonant vibrations of air contained in a tube, and the fp- 
i ozait' norous pulfations propagated through the open atmo- 

fpherc. See Speaking Trvmvet, Encycl. 
In an appendix, Venturi relates different experiments 

which he has made to determine the convergence and 
velocity of the fluid filaments which prefs forward to if- 
fue out of a refervoir by an orifice through a thin plate. 
He proves, by a very clear experiment, that the con- 
traction of the vein is made at a greater diftance from 
the orifice under ftrong than under weak preffures. He 
explains why, in a right-lined orifice, the fides of the 
contra&ed vein correfpond with the angles of the ori- 
fice and the angles with the fides. He examines the 
expenditure through a tube, the extremity of which is 

■thruft into the refervoir itfelf, according to the method 
of Borda in the Memoirs of the Academy of Sciences 
for the year 1 766.” 

For a full account of the author’s experiments, and 
his deductions from them, we refer the reader either to 
the original work, intitled, Recherches experimcntales fur 
le Principe de la Communication laterals du Mouvement 
dans les Fluides, applique a l'Explication de dijferens Phe- 
nomenes hydrauliques. Par le Citoyen J. B. Vc.nturit 
Profejfeur de Phyfrque experimentale a Modem, Membre de 
la Societe Italienne, &c. &c. A Paris che-z Houel' et 
Ducros, Rue du Bacq, No. 940—Fheophile Barrois, 
Rue Haute-feuille, N°. 22. Ann. VI. 1797—or to the 
2d and 3d vols of the valuable Journal from which this 
abftraCl is taken. 

MOURZOUK, the capital of Fezzan in Africa, is 
fituated on a fmall river, and fupplied with water from 
multitudes of fprings and wells. Being formerly built 
of tone, it ftill retains the appellation of a Chriftian 
town ; and the medley which it prefents to the eye, of 
the vail ruins of ancient buildings, and the humble cot- 
tages of earth and fand that form the dwellings of its 
prefent Arab inhabitants, is lingularly grotelque and 
ftrange. It is furrounded by a high wall, which not 
only affords the means of defence, but enables the go- 
vernment to colled, at its three gates, a tax on all 
goods (provifions excepted) that are brought for the 
fupply of its people. A caravan fets out annually from 
Mefurata to this place ; and hence the Fezzaners them- 
felves difpatch every year a caravan to Cafhna and ano- 
ther to Bornou. For the latitude of Mourzouk, fee 
Fezzan in this Suppl. Dr Brookes, in his Gazetteer, 
places it in 1 50 5' E. Long. 

MOWAZZEF, in Bengal, fixed revenue. 
MOZART, the celebrated German mufician, was 

born at Salzburg in the year 1756. His father was 
alfo a mufician of fome eminence, but not to be com- 
pared with the fon ; of whom we have the following ac- 
count in one of the monthly mifcellanies, taken tj Mr 
Bufhby from fome biographical fketches by two eminent 
German profeflbrs, 

At the age of three years, young Mozart, attending 
to the leffons which his lifter, tiien feven years old, was 
receiving at the herpfichord, he became captivated with 
harmony ; and when (he had left the inftrument, he 
would inftantly place himfelf at it, find the thirds, founu 
them with the livelieft joy, and employ whole hours at 
the exercife. His father, urged by fuch early and lin- 
king indications of genius, immediately began to teach 
him fome little airs; and foon perceived that his pupil 

improved even beyond the hopes he had formed of him, Measrt, 
Half an hour was generally fufficient for his acquiring 
a minuet or a little fong, which, when once learned, he 
would of himfelf perform with tafte and expreffion. 

At the age of fix years he had made fuch a progrefs 
as to be able to compofe fhort pieces for the harpfi- 
chord, which his father was obliged to commit to pa- 
per for him. From that time nothing made any im- 
preffion upon him but harmony ; and infantine amufe- 
ments loft all their attradlions unlefs mufic had a fhare 
in them. He advanced from day to .day, not by ordi- 
nary and infenfible degrees, but'with a rapidity which 
hourly excited new lurprife in his parents—the happy 
witneffes of his progrefs. 

H is father returning home one day with a ftranger, 
found little Mozart with a pen in his hand. “ What 
are you writing,” faid he ? “ A concerto for the harp- 
fichord,” replied the child. “ Let us fee it (rejoined 
the father) ; it is a marvellous concerto without doubt.” 
He then took the paper, and faw nothing at firil but a 
mafs of notes mingled with blots of ink by the mal-ad- 
drefs of the young compofer, who, unfkilled in the ma- 
nagement of the pen, had dipped it too freely in the 
ink ; and having blotted and fmeared his paper, had 
endeavoured to make out his ideas with his fingers ; but 
on a clofer examination his father was loft; in wonder; 
and his eyes delighted and flowing with tears, became 
rivetted to the notes. “ See (exclaimed he to the 
ftranger) how juft and regular it all is ! but it is im- 
poflible to play it ; it is too difficult.” “ It is a con- 
certo (faid the child), and muft be pradlifed till one 
can play it. Flear how this part goes.” He then fat 
down to perform it ; but was not able to-execute the 
paffages with fufficient fluency to do juftice to his own 
ideas. Extraordinary as his manual facility was univer- 
fally allowed to be for his age, it did not keep pace 
with the progrefs of his knowledge and invention Such 
an inftance of intelleclual advancement, in a child only 
fix years of age, is fo far out of the common road of 
nature, that we can only contemplate the faSl with afto- 
nifhment, and acknowledge, that the pofiibie rapidity" 
of mental maturation is not to be calculated. 

In the year 1762, his father took him and his fifter 
to Munich, where he performed a concerto before the 
eledlor, which excited the admiration of the whole court ; 
nor was he lefs applauded at Vienna, where the empe- 
ror called him the little forcerer. 

His father gave him lefibns only on the harpfichord ; 
but he privately taught himfelf the violin ; and his com- 
mand of the inftruraent afforded the elder Mozart the 
utmoft furprife, when he one day at a concert took a 
fecond violin, and acquitted himfelf with more than 
paffable add refs. True genius lees no obftacles. It 
will not therefore excite our wonder, if his conftant 
fuccefs in whatever he attempted begot an unbounded 
confidence in his own powers ; he had even the laudable 
hardihood to undertake to qualify himfelf for the Jirjl 
violin, and did not long remain ihort of the neceflary 
proficiency. 

hie had an ear fo correcl, that he felt the moft mi- 
nute difcordancy ; and fuch a fondnefs for ftudy, that 
it was frequently neceffary to take him by force from 
the inftrument. This love of application never dimi- 
nifhed. He every day paffed a confiderable time at his 
harpliehord, and generally praftifed till a late hour at 

night. 
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Tozart night. Another chara&erillical trait of real genius ; 

always full of its object, and loft as it were in itfelf. 
In the year 1763 he made, with his father and filter, 

his firit grand mulical journey. He vilited Paris ; and 
was heard by the French court ih the chapel-royal at 
Verfailles, where his talent on the organ was admired 
even more than on the harpfichord. At Paris the mu- 
iieal travellers gave two concerts, which procured them 
the higheft reputation, and the diltinftion of public por- 
traits. It was here that a fet of fonatas for the harp- 
fichord, fome of his earlielt compolitions, were engraved 
and publifhed. 

From Paris they went to London, where they alfo 
gave two concerts, confilting of fymphonies compofed 
by young Mozart, who even at that early age fang al- 
fo with much expreffion, and praftifed publicly with 
his filler. Mozart played already at fight, ttnd in a con- 
cert, at which the king was one of his auditors, a bafs 
being placed before him as a ground, immediately ap- 
plied to it a moll beautiful melody. Thofe who are 
bell acquainted with the extent of fuch a talk, will be 
the moll allonilhed at fuch mature familiarity with the 
intricacies of the fcience, and fuch prompt and ready 
invention in fo juvenile a mind. 

From London, where Mozart alfo publilhed fix fo- 
natas for the harpfichord, the mufical family went to 
Holland, thence again to France, and in 1766 returned 
to Salzburg. There this extraordinary youth remained 
more than a year in perfeft repofe ; devoting the whole 
of his time to the lludy of compofition, the principles 
of which he fcrutinized with the depth and penetration 
of confirmed manhood. Emmanuel Bach, Haffe, and 
Handel, were his chief guides and models ; though he 
by no means negle&ed the old Italian mailers. . 

In 1768 he again vifited Vienna, where Jofeph II. 
engaged him to fet to mufic a comic opera, entitled, 
La Finta Semplice, which obtained the approbation of 
Haffe and Metatafio. At the houfe of the prince of 
Xaunitz, it often happened that the firll Italian air 
which came to hand would be given him, that in the 
prefence of the company he might add to it accompani- 
ments for numerous inllruments ; which he would write 
in the firll ilyle of excellence, and without the leall pre- 
meditation. This is at once a proof with what acutenefs 
of obfervation he had lillened to the mufic of the bell 
mailers ; how intimate he had already rendered himfelf 
with the charadlers, capacities, and effedls of the diffe- 
rent inllruments ; and what Ikill he had acquired in 
that abllrufe art of mixed combination which, while it 
calculates the conjoint effedt of founds, as they regard 
the eftablilhed laws of harmony, accommodates the dif- 
ferent parts to the fcales, tones, and powers of the re- 
fpedlive inllruments by which they are to be executed. 
It was at this time alfo that, although but twelve years 
of age, he compofed the mufic for the confecration of 
the church of orphans, at the performance of which he 
himfelf prefided. 

In 1769 Mozart again returned to Salzburgh, where 
he became maitre de concert. Not having yet feen Italy, 
in December of the fame year he fet out for that-feat 
of the fine arts. Thofe talents which had already ex- 
cited the admiration of Germany, France, and England, 
now awakened in that land of mufical tafte the moll 
lively enthufiafm. 

In 1771 he had no fooner given perfonal proofs of 

his genius, than la fcritlura for the following carnival 
was conferred upon him. He vifited Bologna, then as 
famous for harmonic excellence as Naples, where the 
celebrated theorill Martini was amazed to fee a German 
boy work and execute the theme of a fugue which he 
prefented to him, in the extraordinary ilyle in which 
Mozart acquitted hirnfelf. He next went to Florence. 
Florence even enhanced the eulegiums which Bologna 
had lavilhed upon him. 

During the holy week he arrived at Rome, and af- 
filted at the Miferere in the Sixtine chapel ; which per- 
formance is juitly conlidered as the nc plus ultra vi vocal 
mufic. This circumllance claims particular notice, as 
inducing a proof of another faculty of his mind, only 
to be equalled by thofe wonderful powers which he had 
already demonitrated. He was prohibited from taking 
a copy of this M'tferere, and therefore piqued himfelf 
on retaining it in his memory. Having heard it with 
attention, he went home, made out a manufeript from 
recollection, returned the next day to the chapel, heard 
the piece a fecond time, corrected the rough draught, 
and produced a tranfeript which furprifed all Rome. 
This Miferere formed a fcorer numerous in its parts, 
and extremely difficult of execution. His mind had 
embraced and retained the whole ! 

He foon after received from the Pope the order of 
the gilt fpur ; and at Bologna was complimented, by 
an unanimous decifion, with the title ot Member and 
Majler of the Phil-harmonic Academy. As a proof, pro 

forma, of his qualifications for this academical honour, 
a fugue, for four voices, in the church ftyle, was re- 
quired of him, and he was ffiut up alone in his chamber. 
He completed it in half an hour, and received his di- 
ploma. This evinced that he pofieffed an imagination 
conftantly at his command, and that his mind was fto- 
red with all the riches of his beloved fcience. 

The opera which he compofed for Milan was called 
Mithridates. This piece procured him la fcritlura for 
the grand opera of the carnival of 1773, which was his 
Lucio Sulla. At length, after a tour of fifteen months, 
he returned to Salzburgh. 

In 1771 Mozart vilited Paris ; but not reliffiing the 
mufic of that capital, he foon quitted it, and returned 
to his dome ft ic comforts. In 1781, at the requeft of 
the eletlor of Bavaria, he compofed the opera of Ido- 
meneo for the carnival of that year. The general merit 
of this opera is fo great, that it might ferve for the ba- 
lls of a diftinguifhed reputation. At his twenty-fifth 
yrear he was invited to Vienna, where he continued 
ipreading, as from a centre, the tafte of his competitions 
through all Germany, and the luilre of his name over 
the whole of Europe. 

Of all the virtuoli of the piano forte who then crowd- 
ed Vienna, Mozart was much the moft Ikilful. His 
finger was extraordinarily rapid and tafteful, and the 
execution of his left hand exceeded every thing that had 
before been heard. His touch was replete with delica- 
cy and expreffion ; and the profound lludy he had be- 
llowed on his art, gave his performance a ftyle the moft 
brilliant and finilhed. His compolitions had a rapid 
circulation ; and every new piece the connoifleurs were 
ftruck with the originality of its caft, the novelty of the 
paftages, and the energy of the effed. 

Jofeph II. folicitous for the perfedion of the German 
opera, engaged Moaart to compofe a piece. He ac- 

cordingly 

Mozart. 
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Mo*art. cordlngly produced Venlevement <lu Serail; performed London ; to vi'luch metropolis he had often been hivi- Mosar?, 

for the firft time in 1782. It excited the jealoufy of ted; but Jofeph nominating him compofiteur de 
the Italian company, who therefore ventured to cabal chambre, though, with a very inadequate falary, he was 
again ft it. The emperor, addrefling himfelf to the induced to accept it ; and Germany had the advantage 
compofer, faid, “ It is too fine tor our ears, my dear of retaining him. 
Mozart, and moft charmingly crowded with notes.” It is lamentable that premature genius too rarely en- 
“ Precifely what it ought to be,” replied the fpirited joys a long career : The acceleration of nature in the 
pmfician, who juftly fufpeded that this remark had mental powers feems to hurry the progrefs of the ani- 
been fuggefted to Jofeph by the envious Italians, mal ceconomy, and to anticipate the regular clofe of 

Though I cannot deferibe, fes an auricular evidence, temporal exiftence. 
(fays the faithful author of the biography), the ap- In the year 1 7.91, Mozart, juft after he had received 
plaufes and the admiration which this opera produced the appointment of Maitre de cbapelle of the church of 
at Vienna, yet I have witnefied the enthufiafm it exci- St Peter, and when he was only thirty-live years of 
ted at Prague among all the connoifleurs, as well as age, paid the laft tribute ; and left the world at once 
among thofe whofe ears were lefs cultivated. It was to admire the brilliancy, and lament the flrortnefs of his 
faid, that all which had been heard before was not mu- earthly fojournment. 
fic : it drew the moft overflowing audiences: every Indefatigable, even to his death, he produced, during 
body was amazed at its new traits of harmony, and at the laft few months of his life, his three great mafter 
paflages fo original, andtfull then fo unheard from wind pieces La Flutte Enchantee, La Clemence de Titus, and 
inftruments.” 

The cautious reader will perhaps hefitate to admit, 
in its fulleft extent, this account by the author of the 
biography ; but even after an allowance for fome exag- 
geration, the moft. phlegmatic will grant that much muft 
have been atchieved by this great mafter, to afford a 
balls for fo glowing a picture of the merit and fuccefs 
of L’enlevement du Serail. During the compofition of 
this opera, he married Mademoifelle Weber, a diftin- 
guilhed virtuofa ; and the piece was fuppofed to owe 
to this felicitous ciroumftance much of that endearing 
chara&er, that tone of-tendernefs, and that expreffion 
of the fofter pafiions, which form its principal attrac- 
tions. 

“ The Marriage of Figaro,” which was in the 
feigheft repute at all the theatres, was in the year 1787 
transformed into an Italian opera ; and Mozart, at the 
inftance of the emperor, fet it to mufic. This piece 
was highly received everywhere, and kept pofleflion of 
the theatre at Prague during almoft; the whole of the 
winter in which it firft appeared : numerous extracts 
were made from it, and the fongs and dances of Figaro 
were vociferated in the ftreets, the gardens, and the ta- 
verns. Mozart came that very winter to Prague, and 
performed in public on the piano forte. His auditors 
at all times liftened to him with admiration ; but when- 
ever he played extempore, and indulged the fpontaneous 
and uninterrupted fallies of his fancy, which he fome- 
times would for more than half an hour, every one was 
feized with the moft enthufiaftic raptures, and acknow- 
ledged the unrivalled refources of his imagination. A- 
bout this time the manager of the theatre contra&ed 
with him for the compofition of a new opera, which, 
when produced, was called 11 dififoluto Punito, or Don 
Giovanni. His reputation was now fo exalted, that the 
Bohemians piqued themfelves on the circumftance that 
this opera was compofed for their entertainment. 

But this fame, this great and univerfal applaufe, had 
not yet produced to the admired artift any folid advan- 
tages ; he had obtained no place, no fettled income ; 
but fubfifted by his operas, and the inftrudlions and oc- 
cafional concerts which he gave. The profits of thefe 
proved infufficient for the ftyle which he was obliged 
to fupport ; and his finances became much deranged, 
j he critical lituation in which he now tound himlelf, 

atade him refolve to quit Vienna, and feek an afylum in 

a Requiem, his laft; produ&ion. La Flutte Enchantee was 
“compofed for one of the theatres at Vienna ; and no 
dramatic Olio could ever boaft a greater fuccefs. Every 
air ftruck the audience with a new and fweet furprife; 
and the tout enfemble was calculated to afford the deepeft 
and moft varied impreflions. This piece had, in faft, 
fo great a number of fuccefiive reprefentations, that for 
a long time it was unneceffary to confult the opera- 
bill ; which only announced a permanent novelty. And 
the airs fele&ed from it, and repeated throughout the 
empire, as well in the cottage as in the palace, and 
which the echoes have refounded in the moft diftant 
provinces, favoured the idea that Mozart had actually 
the defign to enchant all Germany with his Flutte En- 
chantee. , 

La Clemence de Titus was requefted by the ftates of 
Bohemia for the coronation of Leopold. The compo- 
fer began it in his carriage during his route to Prague, 
and finifhed it in eighteen days. 

Some circumftances attending the compofition of the 
piece which we have already mentioned as the laft ef- 
fort of his genius, are too interefting to be omitted. A 
ftiort time before his death, a ftranger came to him with 
the requeft that he would compofe, as fpeedily as pof- 
fible, a requiem for a catholic prince, who, perceiving 
himfelf on the verge of the grave, wilhed, by the exe- 
cution of fuch a piece, to footh his mind, and familia- 
rife it to the idea of his approaching diffolution. Mo- . 
zart undertook the work ; and the ftranger depofited 
with him as a feeurity 400 ducats, though the fum de- 
manded was only /’.co. The compofer immediately be- 
gan the work, and during its progrefs felt his mind un- 
ufually railed and agitated. He became at length fo 
infatuated with his requiem, that he employed not only 
the day, but fume hours of the night in its compofition. 
One day, while he was converfing with Madame Mo- 
zart on the fubjedt, he declared to her that he could not 
but be perfuaded that it was for himfelf he was writing 
this piece. His wife, diftreffed at her inalrflity to dif- 
fipate fo melancholy an impreffion, prevailed on him to 
give her the /core. He afterwards appearing fomewhat 
tranquillized, apd more mafter of himfelf, Ihe returned 
the /core to hup, and he foon relapfed into his former 
defpondency. On the day of his death he afleed for 
the requiem, which was accordingly brought to his bed: 
“ Was I not right (faid he), when I declared that it 

was 
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B o*3Ft fur myftlf l was compofing this funeral piece V* 
i ^n(j tears trickled from his eyes. This produc- 

tion of a man, impreifed during its compofition with a 
prefentiment of his approaching death, is unique in its 
kind, and contains paifages which have frequently drawn 
tears from the performers. 

Only one complaint efcaped him during his malady : 
I muft quit life (faid he), precifely at the moment 

when I could enjoy it, free from care and inquietude ; 
at the very time when, independent of fordid fpecula- 
tions, and at liberty to follow my own principles and 
inclinations, I fhould only have to write from the im- 
pulfes of my own heart : and I am torn from my fa- 
mily jult when in a fjtuation to ferve it.” Mozart, at 
the time of his death, was confiderably involved in 
debt ; but Vienna and Prague difputed the honour of 
providing for his widow and children. 

The countenance of this great mafter did not indi- 
cate any thing uncommon. He was fmall of ilature ; 
and, except his eyes, which were full of fire, there was 
nothing to announce fuperiority of talent. His air, 
unlefs when he was at the harpfichord, was that of an 
abfent man. But when he was performing, his whole 
phyfiognomy became changed : a profound ferioufnefs 
recalled and fixed his eyes; and his fentiments were ex- 
prefled in every movement of his mufcles. Never has a 
mufician more fuccefsfully embraced the whole extent 
of his art, and fhone with greater luftre in all its depart- 
ments. His great operas, no lefs than his moll; fjmple 
fongs; his learned fymphonies as well as his airy 
dances—all carry the ftamp of the richefl imagination, 
the deepeft fenfibility, and the pureft tafle. All his 
works develope the originality of his genius ; and im- 
ply a mind great and exalted; an imagination which 
flrikes out for itfelf a new courfe. He therefore me- 
rits to be ranked with that fmall number of original 
geniufes, thofe ph&nomena fplendida, who form an epoch 
in their art, by carrying it to perfection, or giving it 
an unknown career. 

It is in the employment of wind inftruments that 
Mozart difpiays his greateft powers. His melody is 
always Jimple, natural, and full of force ; and expreffes 
with precifion the fentiments and individual fituations 
of his perfonages. He wrote with extraordinary faci- 
lity. “ La Clemence de Titus” the reader will recolleCt, 
cofl him the ftudy of but eighteen days ; and his re- 
quiem, which is equal in length to an opera, was pro- 
duced in four weeks. It is alfo worthy of remark, that 
the overture to his Don Giovanni was not begun till 
the night before the piece was to be performed. At 
midnight, after having devoted the evening to amufe- 
ment, he locked himfelf up in his ftudy, and compofed 
it in a few hours. His memory was wonderfully reten- 
tive, as we may judge from his copying by recolledion 
the miferere at Rome. But a faCi equally aftonifhing 
is, that, foon difcovering the eagernefs of people to pro- 
cure his works, and fearful that they might be pirated, 
it was his conftant cuftom to tranfcribe from the /cores 
of his fonatas only a part for one hand, and at the pub- 
lic performance to fupply the other by memory. 

He very early began to difplay that true dignity of 
an artift which renders him indifferent to the praifes of 
thofe who are unqualified to judge. The' commenda- 
tions of the ignorant great he never confidered as fame. 
His hearers, whether the wealthy or the titled, muft 

Suppn. Vol.II. Part I. 

have acquired fome credit for their judgment before he Mo*ar*„ 
could be ambitious pf their applaufe. Indeed he en- Mrnnbo. 
tertained fo juft a fenfe of fcientific elevation and im- 
portance, that he would infift upon refpetft. And the 
leaf! noife or idle babble, while he was at the in lini- 
ment, excited a difpleafure which he was too indignant 
to conceal. Once, to the honour of his feelings, he 
fuddenly rofe from his feat, and left his inattentive au- 
ditory to experience the keen though filent reproach of 
intuited genius. 

His mind was by no means unlettered ; not was it 
embelhfhed with one fcience alone. He was mafter of 
feveral languages, and had made confiderable prog refs in 
the mathematics. He was honeft, mild, generous, full 
of franknefs ; and with his friends had an air at once 
amiable, gay, and free from the leaf! tincture of pe- 
dantry. 

Far from viewing with envy the fuccefs of others, a 
weaknefs too clofely interwoven in the general nature of 
man, he was always juft to the talents of his fellow pro- 
feffors ; and valued and refpe&ed merit wherever he 
found it ; a clearer proof of which cannot be adduced 
than the following circumftance : At a concert, where 
a new piece compofed by the celebrated Jofeph Haydn 
was performed, a certain inufician, who never difeovered 
any thing worthy of praife except in his own produc- 
tions, did not fail to criticife the mufic ; exclaiming to 
Mozart, “ There now ! there again ! why, that is not 
what I fhould have done “ No ; neither fhould I 
(replied Mozart) ; but do you know why ? Becaufe 
neither you nor I fhould have been able to conceive 
it.” 

MUMBO-Ju mbo, a ftrange bugbear employed by 
the Pagan Mandingoes (fee Manding, Supp/) for the 
purpofe of keeping their women in fubjeAion. Poly- 
gamy being allowed among thefe people, every man 
marries as many wives as he can conveniently maintain ; 
and the confequence is, that family quarrels fometimes 
rife to fuch a height, that the hufband’s authority is 
not fufficient to reflore peace among the ladies. On 
thefe occafions, the interpofition of Mumbo-Jumbo is 
called in ; and it is always decilive. This ftrange mi- 
nifter of juftice, who is either the hufband himfelf, or 
fome perfon inftru&ed by him, difguifed in a fort of 
mafquerade habit, made of the bark of trees, and arm- 
ed with the rod of public authority, announces his 
coming by loud and difmal fereams in the woods near 
the town. He begins the pantomime at the approach 
of night; and as foon as it is dark, he enters the town, 
and proceeds to the Bentang or market-place, at which 
all the inhabitants immediately affemble. 

It may eafily be fuppofed that this exhibition is not 
much relifhed by the women ; for as the perfon in dif- 
guife is entirely unknown to them, every married fe- 
male fufpe&s that the vifit may poflibly be intended 
for herfelf; but they dare not refufe to appear when they 
are fummoned; and the ceremony commences with fongs 
and dances, which continue till midnight, about which 
time Mumbo fixes on the offender. This unfortunate 
vidtim being thereupon immediately feized, is ftripped 
naked, tied to a port, and feverely fcourged with Mum- 
bo’s rod, amidft the fhouts and derifion of the whole 
aflembly ; and it is remakable, that the reft of the wo- 
men are the loudeft in their exclamations on this occafion 
againft their unhappy filler. Daylight puts an end to this 

.N n indecent 
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Munftiy Indecent and unmanly revel. It is truly allonifhing that 

II the women thould be deluded by fo clumfy an im- 
MurrayV pofture, and that the men thould fo faithfully keep 

^ their own fecret. That the women are deluded feems 
evident; for Mr Park allures us, that the drefs of Mum- 
bo is fuffered to hang on a tree at the entrance of each 
town ; which could hardly be the cafe, if the women were 
not perfuaded that it is the drefs of fome fupernatural 
being. 

MUNSHY, a Perfian fecretary or writer. 
MUNSUB, in the language of Bengal, a dignity or 

command conferred by the emperor. 
MUNSUBDAR, a dignitary or commander. 
MURRAY (William), afterwards Earl of Mans- 

field and Lord Chief Juftice of England, was the fourth 
fon of David Vifcount Stormont. He was born on 
the 2d day of March 1705 at Perth, in the kingdom 
of Scptland, of which kingdom his father was a peer. 
His refidence in Scotland, however, was of Ihort dura- 
tion ; for he was carried up to London at the early age 
of three years. Hence his total exemption from the 
peculiarities of the dialeft of his native country. 

At the age of fourteen he was admitted as a king’s 
fcholar of Weftminfter fchool ; and during his refiderice 
in that feminary, fays his contemporary Bifhop New- 
ton, he gave early proofs of his uncommon abilities, 
not fo much in his poetry, as in his other exercifes; and 
particularly in his declamations, which were fure tokens 
and prognoftics of that eloquence which grew up to 
fuch a maturity and perfection at the bar, and in both 
houfes of parliament. At the eleCtion in May 1723, 
he flood firft on the lift of thofe gentlemen who were 
fent to Oxford, and was entered of Chrift Church, June 
the 1 8th; .in that year. In the year 1727 he had taken 
the degree of BfA. and on the death of King George 
the Firft, was amongft thofe of the univerfity who com- 
pofed verfes on that event. 

In April 1724 he was admitted a Undent of Lin- 
colin’s Inn, though he ftill continued to reilde much in 
the univerfity; where,on the 26th of June 1730,116 took 
the degree of M. A. and foon afterwards left Oxford, 
determined to make the tour of Europe before he ftiould 
devote himfelf ferioufty to bufinefs. About this period 
he wrote two letters to a young nobleman on the ftudy 
of ancient and modern hiftory, which are publifhed by 
his biographer Mr Holliday, and fliew how amply his 
own mind was then ftored with general literature. 

On his return to England he commenced his legal 
- ftudies ; but proceeded not in the way then ufually 

adopted, of labouring in the chambers of a fpecial 
pleader, or copying (to ufe the words of Llackftone) 
the trafti of an attorney’s office. Being blefled with 
fhe powers of oratory in their highell perfection, and 
having foon an opportunity of difplaying them, he very 
early acquired the notice of the chancellor and the 
judges, as well as the confidence of the inferior prac- 
tifers. How much he was regarded in the houfe of 
lords, Pope’s well-known couplet will prove : 

Grac’d as thou art with all the power of words, 
So known, fo honour’d at the houfe of lords. 
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The graces of his elocution, however, produced their Murray; 

ufual effeCt with a certain clafs of people, who would 
not believe that fuch bright talents could aflbciate with 
the more folid attainments of the law, or that a man of 
genius and vivacity could be a profound lawyer. As 
Pope obferved at that time, 

The Temple late two brother ferjeants faw, 
Who deem’d each other oracles of law ; 
With equal talents thefe congenial fouls, 
O ne lull’d the exchequer, and one ftunn’d the rolls ; 
Each had a gravity would make you fplit, 
And ihook his head at Murray as a wit. 

It is remarkable that this ridiculous prejudice ac- 
companied Lord Mansfield to the end of his judicial 
life, in fpite of daily proofs exhibited in the court of 
King’s Bench and in the Houfe of Lords, of very pro- 
found knowledge of the abftrufeft points of jurifpru- 
dence. Lord Chefterfield has given his fanftion to this 
unfounded opinion. In a letter to his fon, dated Feb. 
12. 1754J he fays, “ The prefent Solicitor General 
Murray has lefs law than many lawyers, but he has 
more practice than any, merely upon account of his elo- 
quence, of which he has a never-failing ftream.” 

In the outfet of Lord Mansfield’s life, it will be the 
lefs furprifing, that a notion ftiould have been entertain- 
ed of his addicting himfelf to the purfuits of Belles 
Lettres too much, when the regard ffiewn to him by 
Mr Pope, who defpotically ruled the regions of liter- 
ature at that period, is confidered. That great Poet 
feemed to entertain a particular affe6tion for our young 
lawyer, and was eager to fhew him marks of his regard. 
He addrefled to him his imitation of the 6th Epiftle of 
the Firft Book of Horace ; and even condescended to 
become his mafter in the art of elocution. “ Mr Mur- 
ray (fays his biographer) was one day furprifed by a 
gentleman of Lincoln’s Inn, who could take the liberty 
of entering his rooms without the ceremonious intro- 
duftion of a fervant, in the Angular a£t of praftifing 
the graces of a fpeaker at a glafs, while Pope fat by in 
the charadier of a friendly preceptor. Mr Murray, on 
this occafion, paid that poet the handfome compliment 
oiTu es mihl Maecenas (a).” 

Whatever propenfities this fprightly lawyer might 
have towards polite literature, he did not permit them 
to divert his attention from his profeffion. He foon 
diilinguifhed himfelf in an extraordinary manner, as 
may be feen by thofe who are converfant with, or chufe 
to refer to the Books of Reports. In the year 1736, 
the murder of Captain Porteous by a mob in Edin- 
burgh, after he had been reprieved, occalioned a cen- 
fure to fall on that city, and a bill of pains and pe- 
nalties was brought into parliament again ft the Lord 
Provoft and the corporation; which, after various modifi- 
cations, and a firm and unabated oppofition in every ftage 
of its progrefs, pafled into a law. In both Houfes Mr 
Murray was employed as an advocate, and fo much to 
the fatisfadlion of his clients, that afterwards, in Sep- 
tember 1743, he was prefented with the freedom of 
Edinburgh in a gold box, profeffedly, as it was deck- 
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tamy. red, for his fignal fervices by fpeeches to both Houfes 

^ of Parliament in the conduct of that bufinefs. 
On the 24th of November 1738, he had married Lady 

Elizabeth Finch, daughter of the Earl of Winchelfea, 
and in the month of November 1742, was appointed 
Solicitor General in the place of Sir John Strange 
wbo refigned (b). He likewife was chofen to repre- 
fent the town of Boroughbridge in Parliament, for 
which place he was alfo returned in 1747 and 1754. 

In the month of March 1746-7 he was appointed 
one of the managers for the impeachment of Lord 
Lovat by the Houfe of Commons, and it fell to his lot 
to obferve on the evidence previous to the Lords giving 
their judgment. This talk he executed with fo much 
candour, moderation, and gentleman-like propriety, that 
Lord Talbot, at the conclulion of his fpeech, paid him 
the following compliment : “ The abilities of the learn- 
ed manager who juft now fpoke, never appeared with 
greater fplendour than at this very hour, when his can- 
dour and humanity has been joined to thofe great abi- 
lities which have already made him fo confpicuous, that 
I hope one day to fee him add luftre to the dignity of 
the firft civil employment in this nation.” Lord Lovat 
himfelf alfo bore teftimony to the abilities of his adver- 
fary : “ I thought myielf (fays his lordfhip) very much 
loaded by one Murray (c), who your lordftu'ps know 
was the bittereft evidence there was againft me. I have 
fince fuffered by another Mr Murray, who, I muft fay 
with pleafure, is an honour to his country, and whofe 
eloquence and learning is much beyond what is to be 
expreft by an ignorant man like me. I heard him 
with pleafure, though it was againft me. I have the 
honour to be his relation, though perhaps he neither 
knows it nor values it. I wifh that his being born in 
the North may not hinder him from the preferment that 
his merit and learning deferve.” 

During the time that Mr Murray continued in office, 
he fupported, with great ability, the adminiftration 
with which he was conoedted; and, of courfe, rendered 
himfelf obnoxious to thofe who were in oppolition. 
Nothing, however, could be urged either againft his 
public condudf or his private life ; but he was involved 
in fome trouble by an ill-deviled tale, concurring with 
the known principles of the family of Stormont, to 
make him fufpedfed of Jacobitifm. Of this affair, a full 
and particular account is given by the late Lord Mel- 
combe in the following words: 

“ Meffrs Murray, Fawcett, and Stone, were much 
acquainted, if not fchool fellows, in earlier life. Their 
fortune led them different ways ; Fawcett’s was to be a 
country lawyer and recorder of Newcaftle. Johnfon, 
now Bilhop of Gloucefter, was one of their affociates. 
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On the day the King’s birth day was kept, they dined Murray, 
at the Dean of Durham’s at Durham ; this Fawcett, ^ ““ 
Lord Ravenfworth, Major Davidfon, and one or two 
more, who retired after dinner into another room. The 
converfation turning upon the late Bilhop of Glou- 
cefter’s preferments, it was alked who was to have Ids 
prebend ol Durham ? The Dean faid, that the laft news 
from London was, that Dr Johnfon was to have it : 
Fawcett faid, he was glad that Johnfon got off fo well, 
for he remembered him a Jacobite feveral years ago, 
and that he ufed to be with a relation of his who was 
very difaffedled, one Vernon, a mercer, where the Pre- 
tender’s health was frequently drunk. This palling 
among a few familiar acquaintance, was thought no 
more of at the time : it fpread, however, fo much in the 
North (how I never heard accounted for), and reached 
town in fuch manner, that Mr Pelham thought it ne- 
ceffary to defire Mr Vane, who was a friend to Faw- 
cett, and who employed him in his bulinefs, to write to 
Fawcett, to know il he had faid this of Johnfon, and if 
he had, if it was true. 

This letter was written on the 9th of January ; it 
came to Newcaftle the Friday following. Fawcett 
was much furprifed ; but the poll going out in a few 
hours after its arrival, he immediately acknowledged 
the letter by a long, but not very explicit, anfwer. 
This Friday happened to be the club-day of the neigh- 
bouring gentlemen at Newcaftle. As foon as Lord 
Ravenfworth, who was a patron and employer of Faw- 
cett, came into the town, Fawcett acquainted him with 
the extraordinary letter he had received ; he told him 
that he had already anfwered it ; and being alked to 
Ihew the copy, faid he kept none ; but defired Lord 
Ravenfworth to recolledl if he held fuch a converfation 
at the Deanry of Durham the day appointed for the 
birth-day. Ravetifworth recolledted nothing at all of 
it : they went to the club together, and Ravenfworth 
went the riext moreing to fee his mother in the neigh- 
bourhood, with whom he ftaid till Monday ; but this 
thing of fuch confequence lying upon his thoughts, he 
returned by Newcaftle. He and Fawcett had another 
converfation ; fhd in endeavouring to refrelh each other’s 
memory abdht this dreadful delinquency of Johnfon, 
Fawcett faid he could not recolledt politively at fuch 
a diftance of time, whether Johnfon drank thefe healths, 
or had been prefent at the drinking of them, but that 
Murray and Stone had done both feveral times. Ra- 
venfworth was exceffively alarmed at this with relation 
to Stone, on account of his office about the prince ; 
and thus the affair of Johnfon was quite forgotten, and 
the epifode became the principal part. There were 
many more conferences between Ravenfworth and Faw- 

N n 2 cett 

(b) On this occafion a doggrel poem was publilhed by one Morgan, a perfon then at the bar, entitled, “ The 
Caulidicade,” in which all the principal lawyers were luppoied to urge their refpebtive claims to the poll. At 
the conclulion it is faid, 

Then Murray, prepar’d with a line panegyric 
In praife of himfelf, would have fpoke it like Garrick ; 
But the Prefident flopping him faid, “ As in truth 
“ Your worth and your praife is in every one’s mouth, 
“ ’Tis needlefs to urge what’s notorioully known, 
“ The office, by merit, is your’s all muft own ; 
“ The voice of the public approves of the thing, 
“ Concurring with that of the Court and the King.” 

(c) One of the evidences agaiuft him. 
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Murray, cett upon this fubjeft, in which the latter always per- 

' filled that Stone and Murray were prefent at the drink, 
ing, and did drink thofe healths. It may be obferved 
here, that when he was examined upon oath, he fwore 
to the year 1731 or 1732, at latell. Fawcett comes 
up as ufual about his law bufmefs, and is examined by 
Meffrs Pelham and Vane, who never had heard of Mur- 
ray or Stone being named : he is aiked, and anfwers 
only with relation to Johnfon, never mentioning either 
of the others; but the love of his country, his king, 
and pofterity, burned fo ftrongly in Ravenfworth’s 
bofom, that he could have no reit till he had difcovered 
this enormity. Accordingly, when he came to town, 
he acquainted the miniftry and almoll all his great 
friends with it, and infilled upon the removal of Stone. 
The minillry would have flighted it as it deferved ; but 
as he perfifled, and had told fo many of it, they could 
not help laying it before the king, who, though he 
himfe^f flighted it, was advifed to examine it ; which 
examination produced the moll injudicious proceeding 

* Lord M?/-in parliament*.” 
combe's Diu- This is Lord Melcombe’s account ; and the fame 
ry> p. 220. author informs us, that Mr Murray, when he heard of 

the committee being appointed to examine this idle af- 
fair, fent a melfage to the king, humbly to acquaint 
him, that if he Ihould be called before fuch a tribunal 
on fo fcandalous and injurious an account, he would re- 
fign his office, and would refufe to anfwer. It came, 
however, before the Houfe of Lords, 22d January 1753, 
on the motion of the Duke of Bedford. 

The debate was long and heavy, fays Lord Mel- 
combe ; the Duke of Bedford’s performance moderate 
enough ; he divided the Houfe, but it was not told, for 
there went below the bar with him the Earl Harcourt, 
Lord Townfhend, the Bilhop of Worcefter, and Lord 
Talbot only. The Bilhop of Norwich and Lord Har- 
court both fpoke, not to much purpofe ; but neither of 
them in the leall fupported the Duke’s queftion. 

Upon the whole, Lord Melcombe concludes, “ It 
was the worll judged, the worll executed, and the worll 
fupported point that I ever faw of fo much expedla- 
tion.” 

The King, his late Majefty, viewed it in its true 
light ; and is reported to have faid, “ Whatever they 
were when Wellnjinfter boys, they are now my very 
good friends.” He was likewife, as we have been in- 
formed by a gentleman connedled with the family of 
Stormont, fo delighted with Mr Murray’s fpeech in his 
own vindication, that he defired to have a copy of it, 

- as a model of dignified and candid eloquence. Faw- 
cett, the original author of the llory, feems indeed to 
have been a very fneaking knave, totally unworthy of 
credit. Bilhop Johnfon, who was overlooked in the 
turmoil, excited by the fuppofed guilt of Murray and 
Stone (fee Stone, in this Suppl.) went to Fawcett’s 
chambers in the Temple, and defired an interview. Be- 
ing told by the fervant that his mailer was not at home, 
he renewed his vifit very early next morning, and de- 
clared his refolution to wait till Mr Fawcett Ihould 
rife, the laundrefs having inadvertently confelfed that 
he was Hill in bed. Fawcett, upon this, left his thorny 
pillow with relu£lance; for fomething fharper. than 
thorns (fays Mr Holliday) awaited him, which he could 
not now poffibly avoid. The refult of the interview 
produced expreffions of deep contrition, together with 
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a letter addrtfTed to the Lord Bilhop of Gloucefter, 
acknowledging, in the moil explicit terms, that hisv 

Lordlhip was innocent of the charge which he had been 
the inllrument of bringing againft him. 

On the advancement of Sir Dudley Ryder to the 
chief juilicelliip of the King’s Bench in 1754, Mr 
Murray fucceeded him as attorney general; and on his 
death, November J756, again became his fucceffor as 
chief juilice, when he was-created Baron of Mansfield, 
in the county of Nottingham, with rerqainder to the 
heirs male of his body lawfully begotten. 

As foon as Lord Mansfield was eftablifhed in the 
King’s Bench, he began to make improvements in the 
pradlice of that court. On the 12th of November, 
four days after he had taken his feat, he made a very 
neceffary regulation, oblerving, “ Where we have no 
doubt, we ought not to put the parties to the delay 
and expence of a farther argument; nor leave other per- 
fons, who may be interefled in the determination of a 
point fo general, unneceifarily under the anxiety of fuf- 
pence.” 

The anxiety of fufpence, from this period, was no 
longer to be complained of in the court of King’s 
Bench. The regularity, punduality, and difpatch of 
the new chief jultice, afforded fuch general fatisfadlion, 
that they, in procefs of time, drew into that court moll 
of the caufes which could be brought there for deter- 
mination. 

Sir James Burrows fays, “ I am informed, that at 
the fittings for London and Middlefex only, there are 
not fo few as 800 caufes fet down in a year, and all dif- 
pofed of. And though many of them, efpecially in 
London, are of confiderable value, there are not more, 
upon an average, than between 20 and 30 ever heard of 
afterwards in the lhape of fpecial verdidls, fpecial cafes, 
motions for new trials, or in arreft of judgment. Of a 
bill of exceptions there has been no inllance (I do not 
include judgments upon criminal profecutions; they are 
neceffary confequences of the convidlions). My reports 
give but a very faint idea of the extent of the whole bufi- 
nefs which comes before the court : I only report what 
I think may be of ufe as a determination or illuftration 
of fome matter of law. I take no notice of the nume- 
rous quellions of fadl which are heard upon affidavits 
(the moll tedious and irkfome part of the whole bufi- 
nefs). I take no notice of a variety of conteilations, 
which, after having been- fully difculfed, are decided 
without difficulty or doubt. I take no notice of many 
cafes which turn upon a conllrudlion fo peculiar and 
particular, as not to be likely to form a precedent for 
any other cafe. And yet, notwithllanding this immen- 
fity of bulinefs, it is notorious, that, in confequence of 
method, and a few rules which have been laid down to 
prevent delay (even where the parties themfelves would 
willingly confent to it), nothing now hangs in court. 
Upon the laft. day of the very laft term, if we exclude 
fuch motions of the term as by defire of the parties went 
over of courfe as peremptories, there was not a fingle 
matter of any kind that remained undetermined, except- 
ing one cafe relating to the proprietary Lordfhip of Ma- 
ryland, which was profefiedly pollponed on account of 
the prefent fituation of America. One might fpeak to 
the fame effedl concerning the laft day of any former 
term for fome years backward.’7 

The fame author alfo informs us that, excepting two 
cafes. 
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Murray, cafes, there had not been, from the 6th of November 

1756 to the time of his then prefent publication, 26th 
May 1776, a final difference of opinion in the court in 
any cafe, or upon any point whatfoever. “ It is re- 
markable, too (he adds), that, excepting thefe two 
cafes, no judgment given during the fame period has 
been reverted, either in the exchequer chamber or in 
parliament; and even thefe reverfals were with great 
diverfity of opinion among the judges.” Of the two 
cafes here mentioned, one was the famous queffion con- 
cerning literary property, which the majority of the 
judges of the court of King’s Bench held to be perma- 
nent; and in fupport of which opinion, fuch arguments 
were urged by the chief juftice, as have not yet perhaps 
been completely anfwered. 

The ill fuccefs of the war, which had lately been be- 
gun, occafioned a change in the adminiftration pand the 
conflicts of contending parties rendered it impracticable 
for the crown, at that juncture, to fettle a new miniftry. 
In order therefore to give paufe to the violence of both 
fides, Lord Mansfield was induced to accept the pod of 
chancellor of the exchequer on the 9th of April 1757; 
which he held until the 2d of July in the fame year. 
During this interval, he employed himfelf, with great 
fuccefs, to bring about a coalition; which being effect- 
ed, produced a feries of events, which raifed the glory 
of Great Britain to the higheft point at which it has 
ever been feen. In the fame year he was offered, but 
refufed, the office of Lord High Chancellor ; and in 
November 1 758, he was elected a governor of the char- 
ter houfe, in the room, of the Duke of Marlborough, 
then lately deceafed. 

For feveral years after this period, the tenor of Lord 
Mansfield’s life was marked only with a molt fedulous 
difeharge of the duties of his office. In 1760 Geo. IL 
died, and the new reign commenced with alterations. 
in the adminiftration ; which gave rife to a virulent fpi- 
i'it of oppofition, conduced with a degree of violence 
and afperity never known at any former time. As a 
friend to the then adminiffration, Lord Mansfield was 
marked out for a more than ordinary fhare of malicious 
inve&ive. It is in allufion to this, that Warburton, af- 
ter tracing the rife and progrefs of the irreligion and li- 
centioufnefs which then prevailed, and oblerving that, 
amid fuch general corruption, the pure adminiffration 
of public juftice ftill afforded a cheerful confolation to 
thinking men, proceeds thus : 

“ But the evil genius of Eqgland would not fufferus 
t® enjoy it long ; for, as if envious of this laft fupport 
of government, he hath now inftigated his blacked 
agents to every extent of their malignity ; who, after 
the moft villanous infults on all other orders and ranks 
in fociety, have at length proceeded to calumniate even 
the king’s fupreme court of juffice, under its ableft and 
moft unblemilhed adminiftration. After this, who will 
not be tempted to defpair of his country, and fay with 
the good old man in tiie feene, 

85 ] MUR 

•“ Ipfa fi cupiat falus 
Murray. 

Servare, prorfus non potejl, hanc Famillam (d) 
A change of adminiftration again took place in 1765, 

wdiich introduced the Marquis of Rockingham and his 
friends to govern the country ; and the meafures then 
adopted not agreeing with Lord Mansfield’s fentiments, 
he, for the firft time, became an opponent of govern- 
ment. On the bill for repealing the ftamp aft, he fpoke, 
and divided againft it ; and is fuppofed to have had 
fome fhare in the compofition of the protefts on that 
occafion, though he did not fign them. In the fame 
year, he is faid to have animadverted, with no {mall de- 
gree of feverity, on the incautious expreffions of Lord 
Camden, on the affair of prohibiting the exportation of 
corn, that it was but a 40 days tyranny at the outfide. 
CO- 

In 1767 theDiffenters caufe was determined, in which 
Lord Mansfield delivered a fpeech, which has fince been 
printed, and fhews his Lordfhip to have been a fteady 
friend to religious toleration, as well as t the rights of 
the eftablifhed church. The confcienticus Diffenters 
themfelves laviffied upon that fpeech the higheft praife; 
whillt others ot them, in the fucceeding year, deluged 
the public prints with torrents of abufe on the Chief 
Juftice. In that year was the general eleftion. Mr 
Wilkes returned from abroad, became a candidate for 
the city of London, and afterwards was chofen repre- 
fentative for the county of Middkfex. Having been 
outlawed fome years before, he now applied for a re- 
verlal of that proceeding. On the 8th of June, the 
confideration of it came before the court of King’s 
Bench ; when the judges delivered their opinions very 
fully, and were unanimous that the outlawry was ille- 
gal, and muft bereverfed. On this occafion Lord Mans- 
field took the opportunity of entering into a full ftate- 
ment of the cafe, and a juftification of his own conduft. 
The reader will find the cafe reported by Sir James 
Burrow ; from whom we ftiall extraft the following, 
which appears to have been the moft important part of 
his Lordftiip’s fpeech. 

“ It is fit to take fome notice of the various terrors 
hung out; the numerous crowds which have attended, 
and now attend, in and about the hall, out of all reach 
of hearing what paffes in court; and the tumults which 
in other places have ftiamefully infulted all order and go- 
vernment. Audacious addrefles in print diftate to us, 
from thofe they call the people, the judgment to be gi- 
ven now, and afterwards upon the conviftion. Reafons 
of-policy are urged, from danger to the kingdom, by 
commotions and general confuiion. 

“ Give me leave to take the opportunity of this great 
and refpeftable audience, to let the whole world know- 
all fuch attempts are vain. Unlefs we have been able 
to find an error which will bear us out to reverfe the 
outlawry, it muft be affirmed. The conftitution does 
not allow reafons of ftate to influence our judgment: 

God 

(d) See the dedication of the 5th edition of the Divine Legation of Mofes, which deferves to be read at pre- 
fent with peculiar attention, as the work of a man of gigantic talents, deeply read in law as well as in theology. 

(e) The fpeeches in the debate were never printed; but the fubftance of them all was- confolidated in a pamph- 
let publifhed at the time, intitled, “ A Speech againft the fufpending and difpenfing prerogative,” 8vo. Since, 
reprinted in Debrett’s Debates, Vol. IV. p. 384. 
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Murray. God forbid it fhould ! We mull not regard political 

conlc-quences, how formidable i'oever they may be ; we 
are bound to fay, Fiat JuJlitia, mat Ccelum. The con- 
ilitution trufts the king with reafons of ilate and poli- 
cy : He may pardon offences ; it is his to judge whe- 
ther the law or the criminal fhould yield. We have no 
eledfion. None of us encouraged or approved the com- 
miffion of either of the crimes of which the defender is 
convidted : none of us had any hand in his being profe- 
cuted. As to myfelf, I took no part (in another place) 
in the addrefies for that profecution. We did not ad- 
vile or affill the defender to fly from juftice ; it was his 
own adf, and he mull take the confequences. None of 
us have been confulted, or had any thing to do with the 
prefent profecution. It is not in our power to flop it ; 
it was not in our power to bring it on. We cannot 
pardon. We are to fay what we take the law to be. 
If we do not fpeak our real opinions, we prevaricate 
with God and our own confciences. 

“ I pafs over many anonymous letters I have recei- 
ved : thofe in print are public ; and fome of them have 
been brought judicially before the court. Whoever the 
writers are, they take the wrong way. I will do my 
duty unawed. What am I to fear ? That mendax in- 
famia from the prefs, which daily coins falfe fadts and 
falfe motives ? The lies of calumny carry no terror to 
me. I truft that my temper of mind, and the colour 
and condudt of iny life, have given me a fuit of armour 
againfl: thefe errors. If, during this king’s reign, I 
have ever fupported his government, and affifted his 
meafures, I have done it without any other reward than 
fhe cohfcioufnefs of doing what I thought right. If I 
have ever oppofed, I have done it upon the points them- 
felves, without any collateral views. I honour the king, 
and refpedt the people. But many things acquired by 
the favour of either are, in my account, objedls not 
worth ambition. I wifli popularity ; but it is that po- 
pularity which follows, not that which is run after.— 
It is that popularity which, fooner or later, never fails 
to do juftice to the purfuit of noble ends by noble 
means. I will not do that which my confcience tells me 
rs wrong upon this occafion, to gain the huzzas of thou- 
fands, or the daily praife of all the papers which come 
from the prefs. I will not avoid doing what I think is 
right, though it fhould draw on me the whole artillery of 
libels, all that falfehood and malice can invent, or the 
credulity of a deluded populace can fwallow. I can fay 
with a great magiftrate, upon an occafion, and under 
circumftances not unlike, ‘ Ego hoc animo ftmper fui, ut 
invidiam virtute part am, gloriam, non invidiam pat an cm d 

“ The threats go furthur than abufe : Perfonal vio- 
lence is denounced. I do not believe it: it is not the 
genius of the worft men of this country in the worft of 
times. But I have fet my mind at reft. The laft end 
that can happen to any man never comes too foon, if 
he falls in fupport of the law and liberty of his country 
(for liberty is fynonymous to law and government). 
8uch a {hock, too, muft be produ&ive of public good : 
It might awake the better part of the kingdom out of 
that lethargy which ieems to have benumbed them ; 
and bring the mad part back to their fenfes, as men in- 
toxicated are fometimes ftunned into fobriety. 

“ Once for all, let it be underftood, that no endea- 
toui of this . will influence any man who at prefent 
fits here. If they had any effeff, it would be contrary 
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to their intent : Leaning againft their impreffion might 
give a bias the other way. But I hope, and I know, 
that I have fortitude enough to refift even that weak- 
nefs. No libels, no threats, nothing that has happen- 
ed, nothing that can happen, wall weigh a feather a- 
gainft allowing the defendant, upon this and every other 
queftion, not only the whole advantage he is intitled to 
from fubftantial law and juftice, but every benefit from 
the moft critical nicety of form, which any other defen- 
der could claim under the like obje&ion. The only ef- 
feft I feel is an anxiety to be able to explain the grounds 
upon which we proceed ; fo as to fatisfy all mankind, 
that a flaw of form given way to in this cafe, could not 
have been got over in any other.” 

In January 1770, Lord Mansfield again wras offered 
the Great Seal, which was given to Mr Charles York : 
and in Hilary Term I771* he a third time declined the 
fame offer, and the Seal was entrufted to Lord Bathurft. 

The year 1770 was alfo memorable for various at- 
tacks made on his Lordfhip’s judicial charafler, in both 
the Houfes of Lords and Commons. In one of thefe, 
the propriety of a direffion given to the jury in the cafe 
of the king and Woodfal was called in queftion ; which 
occafioned his Lordfhip to produce to the Houfe a co- 
py of the unanimous opinion of the court of King’s 
Bench in that caule ; which, after being much canvaf- 
fed and oppofed, was fuffered to ftand its ground with- 
out being over-ruled. 

On the 19th of Odfober 1776, his Lordfhip was ad- 
vanced to the dignity of an Earl of Great Britain, by 
the title of the Earl of Mansfield, and to his male iffue; 
and for want of fuch iffue, to Louifa Vifcountefs Stor- 
mont, and to her heirs-male by David Vifcount Stormont 
her hufband. The fame title, in 1792, was limited to 
Lord Stormont himfelf; who afterwards fuceeeded to it. 

We come now to a period of his Lordfhip’s life, 
which furnifhes an event disgraceful to the age and 
country in which the faft was committed. An union 
of folly, enthufiafm, and knavery, had excited alarms in 
the minds of fome weak people, that encouragements 
were given to the favourers and profeffors of the Ro- 
man Catholic faith inconfiftent with religion and true 
policy. The adt of Parliament, which excited the cla- 
mour, had paffed with little oppofition, and had not 
received any extraordinary fupport from Lord Mans- 
field. The minds of the public were inflamed by art- 
ful mifreprefentations ; the rage of a popular mob was 
foon directed towards the moft eminent perfons. Ac- 
cordingly, in the night between Tuefday the 6th and 
Wednelday the 7th of June 1780, his Lordfhip’s houfe 
in Bloomibury Square was attacked by a party of rioters, 
who, on the Friday and Tuefday preceding, had, to the 
amount of many thoufands, furrounded the avenues of 
both Houfes of Parliament, under pretence of attending 
Lord George Gordon when he prefented the petition 
from the Proteftant Affociation. On Tuefday evening 
the prifon of Newgate had been thrown open, all the 
combuftible p ~t reduced to allies, and the felons let 
loofe me public. It was after this attempt to de- 
ftroy the means of fecuring the victims of criminal ju- 
ftice that the rioters affaulted the refidence of the chief 
magiftrate of the fi -ft criminal court in the kingdom ; 
nor we hey difperfed till they 1 ad burnt all the fur- 
niture, pictures, books, manufcripts, deeds, and, in 
fhort, every thing which fire could confume in his Lord- 
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Murray, {hip’s houfe; fo that nothing remained but the walls, 
—-v  which were feen next morning almoft red hot from the 

violence of the flames, prefenting a melancholy and aw- 
ful ruin to the eyes of the paflengers. For a fuller ac- 
count of thofe dreadful riots, fee Britain, n° 644. En- 
cyclopedia. 

So unexpe&ed was this daring outrage on order and 
government, that it burlt on Lord Mansfield without 
his being prepared in the flighteft manner to refift it. 
He efcaped with his life only, and retired to a place of 
fafety, where he remained until the 14th of June, the 
lail day of term, wLen he again took his feat in the 
court of King's Bench. “ The reverential filence (fays 
Mr Douglas) which was obferved when his Lordfhip 
refumed his place on the Bench, was expreflive of fenti- 
ments of condolence and refpedf, more affedting than th® 
moil eloquent addrefs the occafion could have fuggefted. 

“ The amount of that part of Lord Mansfield’s lofs 
which might have been eftimated, and wras capable of a 
compenfation in money, is known to have been very 
great. This he had a right to recover againft the hun- 
dred. Many others had taken that courfe ; but his Lord- 
fhip thought it more confiftent with the dignity of his 
cbara&er not to refort to the indemnification provided 
by the legiflature. His fentiments, on the fubjeft of a 
reparation from the ftate, were communicated to the 
Board of Works in a letter, dated 18th July 1780, 
written in confequence of an application which they 
had made to him (as one of the principal fufferers), pur- 
fuant to directions from the treafury, founded on a vote 
of the Houfe of Commons, requefting him to ftate the 
nature and amount of his lofs. In that letter, after 
fome introdudtory expreflions of civility to the furveyor 
general, to whom it was addrefled, his Lordftiip fays, 
* Befides what is irreparable, my pecuniary lofs is great. 
I apprehended no danger, and therefore took no precau- 
tion. But how great foever that lofs may be, 1 think 
it does not become me to claim or expert reparation 
from the ftate. I have made up my mind to my mis- 
fortune, as I ought, with this confolation, that it came 
from thofe whofe object manifeftly was general confu- 
fion and deftrudlion at home, in addition to a dangerous 
and complicated war abroad. If I fltould lay before 
you any account or computation of the pecuniary da- 
mage 1 have fuftained, it might feem a claim or expec- 
tation of being indemnified. Therefore you will have 
no further trouble upon this from, &c.— Mansfield.” 

From this time the luitre of Lord Mansfield conti- 
nued to Jhine with unclouded brightnefs until the end 
of his political life, unlefs his oppofition to the mea- 

»8oo. fures of the prefent adminiftration, at the early period 
of their appointment, (hall be thought to detract, in 
fome fmall degree, from his merit. It is certain many 
of his admirers faw, with concern, a connexion with the 
opponents of government at that junfture, fcarce com- 
patible with the dignity of the chief juftice of Great 
Britain. At length infirmities prefled upon him, and 
he became unable to attend his duty with the fame 
punctuality and afliduity with which he had been ac- 
cuftomed. It has been fuppo'fed that he held his of- 
fice after he was difabled from executing the duties of 
it, from a wifh to fecure the fuccefiion of it to a very 
particular friend. Be this as it may, the chief juttice 
continued in his office until the month of June 1788, 
when he fent in his refignation. 

MUR 
From this period the bodily powers of his Lordffiip 

continued to decline ; his mental faculties, however, re-' 
mained without decay almoft to the laft. During this 
time he was particularly inquifitive and anxious about 
the proceedings in France, and felt his fenfibility, in' 
common with every good man, wounded by the hor- 
rible inftance of democratic infatuation in the murder 
of the innocent Louis XVI. He lived juft long enough 
to exprefs his fatisfaftion at the check given to the 
brench by the Prince of Cobourg in March 1793 ; on 
the 20th of which month, after continuing fome days in 
a ftate of infenfibility, he departed this life, at the ag« 
of 88 years. 

“ In his political oratory (fays a writer of the pre- 
fent times), he was not without a rival; no one had the 
honour of furpajfmg him ; and let it be remembered, 
that his competitor was Pitt. 

“ The rhetorician that addrefled himfelf to Tully in 
thefe memorable worAs—Demonjlhenes tibi preripuit ne 
primus ejfes Orator, tu illi ne folus—anticipated their ap- 
plication to Mansfield and Pitt. If the one poflefled 
Demofthenean fire and energy, the other was at leaft a 
Cicero. Their oratory differed in fpecies, but was equal 
in merit. There was, at leaft, no fuperiority on the 
fide of Pitt. Mansfield’s eloquence was not, indeed, of 
that daring, bold, declamatory kind, fo irrefiftibly power- 
ful in the momentary buftle of popular aflemblies ; but 
it was poflefled of that pure and Attic fpirit, and fe- 
dudlive power of perfuafion, that delights, inftrudls, and 
eventually triumphs. It has been very beautifully and 
juftly compared to a river, that meanders through ver- 
dant meads and flowery gardens, refle&ing in its cryftal 
bofom the varied objefts that adorn its banks, and re- 
freftiing the country through which it flows. 

“ To illuftrate his oratory by example, would require 
voluminous tranfcripts from the records of Parliament ; 
and it is unneceflary, as we can appeal to living recol- 
ledfion. 

“ Having added weight and dignity to the offices of 
attorney and folicitor general, his reputation as a fpeak- 
er, a lawyer, and a politician, elevated him to the peer- 
age, and the exalted poft of chief juftice of England. 
He afcended to the dignities of ftate by rapid ftrides : 
they were not bellowed by the caprice of party favour 
or affe&ion. They were (as was faid of Pliny) liberal 
difpenfations of power upon an objedt that knew how 
to add new luftre to that power, by the rational exer- 
tion of his own. 

“ Here we can fpeak of this great man within our 
own recolledlion ; and however party prejudices may 
adopt their different favourites, and each contend in de- 
trafrtiug from the merit of the other, it is, we believe, 
generally underftood that precedence is allowed the 
Earl of Mansfield, as the firit magiftrate that ever fo 
pre-emingntly graced that important ftation. The wif- 
dom of his deciiions, and unbiaffed tenor of his public 
condutl, will be held in veneration by the fages of the 
law, as long as the fpirit of the conilitution, and juft 
notions of equity, continue to have exiftence. No man 
has ever, in an equal degree, poffefftd that wonderful 
fagacity in difcovering chicanery and artifice, and fepa- 
rating fallacy from truth, and fophiftry from argument, 
fo as to hit the exadt equity of the cafe. He fuffered 
not juftice to be ftrangled in the nets of form. 

“ His memory was aftoniftring—he never took notes, 
or, 
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Murray. 
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or, if he did, feldom or ever eonfulted them.” 
ferences to expreffions which fell from him in the courfe 
of the debate, or h s quotations from books, were fo 
faithful that they might haVe been laid to have been 
repeated vtrbatim. The purpofes to which he employ- 
ed thefe amazing talents were Hill more extraordinary : 
if it was the weak part of his opponent’s arguments 
that he referred to, he was fure to expofe its fallacy, 
vveaknefs, or abfurdity, in the moll poignant fatire, or 
hold it up in the moll ridiculous point of view. If, on 
the contrary, it were a point on which his adverfaries 
laid their chief llrefs, he Hated the words correctly ; 
collected their obvious meaning, confidered the force of 
the feveral arguments that had or might have b^en rai- 
led upon them, with a precifion that would induce an 
auditor almoll to fuppofe that he had previoufly confi- 
dered the whole, and that his fpeeck vras the refult of 
much previous itudy. 

“ It may be faid of Mansfield as of Virgil, that if he 
had any faults, they might be conlidered in the fame 
manner with thole of fome eminent fixed flar, which, 
if they exill at all, are above the reach of human obfer- 
vation. The luminous tether of his life was not obfcti- 
red by any fhade dark enough to be denominated a de- 
fe£l. On account of his defeent, local prejudices and 
propenfities were imputed to him, and his conduct, on 
that account, examined with a microfcopic eye ; but 
the optic through which it is viewed pofleffed a party 
tinge, equally odious and deceptive. 

“ His political principles were ever confiflent; and 
to preferve confiflency in fuch flations and in fuch times 
as occupied the life of Mansfield, conflitutes an ordeal 
ftrongly imprefllve of virtue. It has been faid that he 
wanted fpirit. Is the uniform oppofition of popular 
opinion, and apparently the contempt of it, any proof 
of the affertion ? His fpeech and conduft in the affair 
of Wilkes’s outlawry, when popular prejudice ran in 
torrents, illuflrate each other. He defpifed (to borrow 
an expreffion of his own) that mufhroom popularity 
that is raifed without merit, and loll without a crime. 
He difdained being the Have of popular impulfe, or to 
acknowledge the fhouts of a mob for the trumpet of 
fame.” 

He had a mind too great to be afhamed of revering 
the ordinances of religion ; and as, after the molt im- 
partial inquiry, he was a firm believer of the truth and 
importance of Chriflianity, he frequented the church 
regularly, and received the holy facrament on the higher 
feflivals. Mr Holliday has publifhed a fermon, which 
he fays was didlated by Lord Mansfield to his friend 
’bifhop Johnfon, and preached by that prelate before the 
Houfe of Lords. It is a very ferious and appropriate 
difeourfe ; but judging upon internal evidence, we fhould 
not have fuppofed it the compofition of the eloquent 
and argumentative chief juflice of England. HisLord- 
fhip’s will, which was written with his own hand, upon 
little more than half a flieet of paper, begins with the 
following elegant and pious paragraph, with which we 
lhall conclude this fketch of his charadler : 

“ When it fhall pleafe Almighty God to call me to 
that flate, to which, of all I now enjoy, I can carry on- 
ly the fatisfadlion of my own conference, and a full re- 
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His re- liance upon his mercy through Jefus Chrift, I defire Myfeum, 

that my body may be interred as privately as may be : 
and out of refpedt for the place of my early education, 
I fiiould vvilh it to be in Weftminfter Abbey,” It was 
interred in Weftminfter Abbey, in the fame vault w ith 
the Countefs (who had died April 10, 1784, between 
the late Earl of Chatham and Lord Robert Manners. 

MUSEUM, in the language of the prefent day, is 
a building in which are depoiited fpecimens of every 
objedl that is in any degree curious, whether fuch ob- 
jects be natural or artificial. What the word mufeum 
exprefled originally, has been told under that title in 
the Encyclopedia. 

A complete mufeum contains colleflions of prefer- 
ved beafts, birds, fifties, reptiles, &c. ; models of ma- 
chines^ rare manuferipts ; and indeed fpecimens of every 
thing neceffary to illuftrate phyfical fcience, to im- 
prove art, to aid the antiquarian in his refearches, and 
to exhibit the manners and cuftoms of men in dillant 
ages and nations. As natural objedls of uncommon 
fize or beauty, and other rare produdlions, were, in the 
earlielt periods, confecrated to the gods, the temples 
were, of courfe, the firft repofttories of fuch colledlions, 
or, in other words, the firil Mufeums. This, we think, 
has been completely proved by Profeffor Beckmann *. 

“ When Han no (fays he) returned from his diftantvol.ii. 
voyages, he brought with him to Carthage two fkinsofP“H* 
the hairy women whom he found on the Gorgades 
iflands, and depofited them as a memorial in the temple 
of Juno, where they continued till the deftrudlion of 
the city. The horns of a Scythian animal, in which 
the Stygian water that deftroyed every other veffei 
could be contained, were fent by Alexander as a curio- 
fity to the temple of Delphi, where they were fufpend- 
ed with an infeription, which has been preferved by 
jElian. The monftrous horns of the wild bulls which 
had occafioned fo much devaftation in Macedonia, were, 
by order-of King Philip, hung up in the temple of Her- 
cules. The unnaturally formed ftioulder bones of Pelops 
were depofited in the temple of Elis. The horns of the 
fo called Indian ants were Ihewn in the temple of Her- 
cules at Erythne ; and the crocodile found in attempt- 
ing to difeover the fources of the Nile was preferved in 
the temple of Ifis at Caefarea. A large piece of the 
root of the cinnamon tree was kept in a golden vefiel in 
one of the temples at Rome, where it was examined by 
Pliny. The ftcin of that monfter which the Roman 
army in Africa attacked and deftroyed, and which pro- 
bably was a crocodile, an animal common in that coun- 
try, but never feen by the Romans before the Punic 
war, was, by Regulus, fent to Rome, and hung up in 
one of the temples, where it remained till the time of 
the Numantine war (a). In the temple of Juno, in the 
ifland of Melita, there were a pair of elephants teeth of 
extraordinary fize, which were carried away by Mafi- 
nifla’s admiral, and tranfmitted to that prince, who, 
though he fet a high value upon them, fent them again 
back, becaufe he heard they had been taken from a tem- 
ple. The head of a- bafiiilk was exhibited in one of the 
temples of Diana ; and the bones of that fea monfter, 
probably a whale, to which Andromeda was expofed, 
were preferved at Joppa, and afterwards brought to 

Rome. 

(a) We think, with the tranfiator of Beckmann's Hiftory, that this animal was not the crocodile, but the Ifoa 
xonjlriftor. See Boa and Serpent, EncycL 
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1 feutn- Rome. In the time of Paufanias, the head of the cele- 
^ 'Y-"“ brated Calydonian boar was (hewn in one of the temples 

of Greece ; but it was then deilitute of briftles, and had 
fuffered confiderably by the hand of time. The mon- 
ftrous tulks of this animal wrere brought to Rome, after 
the defeat of Anthony, by the Emperor Auguftus, 
who caufed them to be fufpended in the temple of Bac- 
chus. Appollonius tells us, that he faw in India fome 
of thofe nuts which in Greece were preferved in the 
temples as curiofities.” 

Though thefe curiofities were preferved in the temples 
for purpofes very different from thofe for which our 
colleftions are made, there can be no doubt but that 
they contributed to promote the knowledge of natural 
hiflory. If it be true, as Pliny and Strabo inform us, 
that Hippocrates availed himfelf of the accounts which 
were hung up in the temple of ALfculapius of different 
difeafes, and of the medicines and mode of treatment 
by which they were cured; it will eafily be believed, 
that the natural hiftorians availed themfelves, in a fitnilar 
manner, of the various rare objedfs which were prefer- 
ved in the temples of the other gods. This, we fee, 
Pliny actually did. 

Suetonius informs us, that Auguftus had, in his pa- 
lace, a coliedtion of natural curiofities; and it is well 
known that Alexander gave orders to all huntfmen, 
bird-catchers, fifhermen, and others, to fend to Ariftotle 
whatever rare animals they could procure. M. Beckmann 
feems to be of opinion, that the firft private mufeum 
was formed by Apuleius, who, next to Ariftotle and 
his fcholar Theophraftus, certainly examined natural 
objedts with the greateft ardour and judgment ; who 
caufed animals of every kind, and particularly fifh, to 
be brought to him either dead or alive, in order to de- 

Ifcribe their external and internal parts, their number 
and fituation, and to determine their charadterifing 
marks, and eftablifh their real names ; who undertook 
diftant journeys to become acquainted with the fecrets 
of nature ; and who, on the Getulian mountains, col- 
ledted petrefadlions, which he confidered as the effedfs 
of Deucalion’s flood. 

The principal caufe why colledlions of natural curio- 
fities were fcarce in ancient times, muft have been the 
ignorance of naturalifts in regard to the proper means 
of preferving fuch bodies as foon fpoil or corrupt. Some 
methods were indeed known and pradtifed, but they 
were all defedlive and inferior to that by fpirit of wine, 
which prevents putrefadtion, and which, by its perfedt 
tranfparency, permits the objedts which are covered by 
it to be at all times viewed and examined. Thefe me- 
thods were the fame as thofe employed to preferve pro- 
vifions, or the bodies of great men deceafed. They 
were put into fait brine or honey, or were covered over 
with wax. Thus the hippopotamus, defcribed by Co- 
lumna, was fent to him from Egypt preferved in fait. 
The body of Agefipolis King of Sparta, who died in 
Macedonia, was fent home in honey ; the celebrated 
purple dye of the ancients was preferved frefti for many 
years by the fame means ; and at this day, when the 
Orientals are defirousof tranfporting fifh to any diftance, 
they cover them over with wax. 

In thofe centuries which are ufually called the middle 
ages, the Profeffor finds no traces of what can be called 
a mufeum, except in the treafuries of emperors, kings, 
and princes, where, befides articles of great value, cu- 
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riofities of art, antiquities, and relics, one fometimes Mufeam 
found fcarce and Angular foreign animals, which were H 
dried and preferved. Such obje&s were to be feen in t uzcooret‘ 
the old treafury at Vienna ; and in that of St Denis was 
exhibited the clawf of a griffin, fent by a king of Per- 
fia to Charlemagne ; the teeth of the hippopotamus, 
and other things of the like kind. In thefe colleftions, 
the number of the rarities always increafed in propor- 
tion as a tafte for natural hiftory became more preva- 
lent, and as the extenfion of commerce afforded better 
opportunities for procuring the produ&ions of remote 
countries. Menageries were eftablifhed to add to the 
magnificence of courts, and the fluffed Ikins of rare ani- 
mals were hung up as memorials of their having exifted. 
Public libraries alfo were made receptacles for fuch na- 
tural curiofities as were from time to time prefented to 
them ; and as in univerfities the faculty of medicine had 
a hall appropriated for the diffeftion of human bodies, 
cudofities from the animal kingdom were collected 
there alfo by degrees ; and it is probable that the pro- 
feffors of anatomy firft made attempts to preferve dif- 
ferent parts of animals in fpirit of wine, as they were obli- 
ged to keep them by them for the ufe of their fcholars; 
and becaufe in old times dead bodies were not given up 
to them as at prefent, and were more difficult to be 
obtained. Private colledlions appear for the firft time 
in the 16th century ; and there is no doubt (fays our 
author) that they were formed by every learned man 
who at that period applied to the ftudy of natural 
hiftory. 

MUSHROOM, a fungous, of which fome of the 
principal fpecies have been defcribed in the Encyclo- 
pedia under the generic name Ac eric us. There is, 
however, one fpecies not mentioned there—the Boletus 
hirfutus of Bulliard, which is certainly worthy of no- 
tice, fince one of the French Chemifts has lately ex- 
tradled from it a bright, ffiining, and very durable yellow 
dye. This pretty large mufhroom grows commonly 
on walnut and apple-trees. Its colouring-matter is 
contained in abundance, not only in the tubular part, 
but alfo in the parenchyma of the body of the muffi-' 
room. In order to extradl it, the muffiroom is pound- ' 
ed in a mortar, and the liquor thence obtained is boil- 
ed for a quarter of an hour in water. An ounce of 
liquor is fuffieient to communicate colouring-matter to 
fix pounds of water. When the liquor has been drain- 
ed, the ftuff to be dyed is put into it, and boiled for a 
quarter of an hour. All kinds of ftuff receive this co- 
lour and retain it ; but on linen and cotton it is lefs 
bright. This colour may be modified, in a very agree- 
able manner, by the effedl of mordants. 

The procefs fueceeded beft on filk. When this fub- 
ftance, alter being dyed, is made to pafs through a bath 
of foft foap, it acquires a fhining golden-yellow colour, 
which has a perfedl refemblance to the yellow of that 
filk employed to imitate embroidery in gold, and which 
has hitherto been brought from China and fold at a 
dear rate, as the method of dyeing it is unknown in 
Europe. The yellow colour extradled from this mufh- 
room may be employed alfo with advantage for paint- 
ing in water colours as well as in oil. 

MUTSUDDIES, in Bengal, writers, accountants, 
officers of government. < 

MUZCOORET» allowances to zemindars in land or 
money. See Zemindar, Suppl. 
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Nabob 
II 

Nancowry. 
” V"1 ■' 

NABOB, or Nowab, a title ofcourtefy given in In- 
dia to Mahomedans high in llation, particularly 

provincial governors. 
The Sun’s NADIR, is the axis of the cone projeft- 

ed by the Ihadow of the earth : fo called, becaufe that 
axis being prolonged, gives a point in the ecliptic dia- 
metrically oppofite to the fun. 

NAIB, a deputy. 
NAKED, in architefture, as the naked of a wall, 

&c. is the furface, or plane, from whence the projec- 
tixres arife ; or which ferves as a ground to the projec- 
tures. 

NANCOWRY, or Soury, as it is fometimes called, 
is one of the Nicobar ifles, and lituated nearly in the 
centre of the duller (See Nicobar, Encycl.). Its 
length may be about eight miles, and its breadth nearly 
equal. The ifland of Comerty, which is near it, is 
more extenfive, but does not perhaps contain more folid 
land, being excavated by a very large bay from the fea. 
The fpace between thefe two iflands forms a capacious 
and excellent harbour, the eallern entrance of which is 
Iheltered by another ifland, called Tricut, lying at the 
diftance of about a league. The inlet from the well is 
narrow, but fufficiently deep to admit the largell Ihips 
when the wind is fair. 

The Danes have long maintained a fmall fettlement 
at this place, which Hands on the northern-moll point 
of Nancowry, within the harbour. A ferjeant and 
three or four foldiers, a few black Haves, and two rully 
old pieces of ordnance, compofe the whole of their efla- 
blilhment. They have here two houfes ; one of which, 
built entirely of wood, is their habitation ; the other, 
formerly inhabited by their miffionaries, ferves now for 
a llorehoufe. 

Thefe iflands are in general woody, but contain like- 
wife fome portions of clear land. From the fummits 
of their hills the profpefts are often beautiful and ro- 
mantic. The foil is rich, and probably capable of prat 
ducing all the various fruits and vegetables common to 
hot climates. The natural productions »f this kind, 
which mollly abound, are cocoa nuts, papias> plantains, 
limes, tamarinds, beetle-nuts, and the melbri, a fpecies 
of breadfruit ; yams, and other roots are cultivated and 
thrive ; but rice is here unknown. The mangoflam tree, 
whofe fruit is fo juflly extolled, grows wild ; and pine- 
apples of a delicious flavour are found in the woods. 

Of all the Nicobar ifles Nancowry and Comerty are 
faid to be the bell peopled ; the population of both be- 
ing fuppofed to amount to eight hundred. The natives 
of Nancowry and of the Nicobar iflands in general, live 
in villages on the fea-fhore, and never ereCt their habi- 
tations inland (a). Their houfes are of a circular form, 
and are covered with elliptical domes, thatched with 
grafs and the leaves of cocoa nut. They are raifed up- 

on piles to the height of fix or eight feet above the 
ground ; the floor and iides are laid with planks, and 
the afcent is by a ladder. In thofe bays or inlets 
which are flickered from the furf, they ereft them 
fometimes fo near the margin of the water as to admit 
the tide to flow under, and wafli away the ordure from 

Nancowry. 

below. 
In front of their villages, and a little advanced in the 

water, they plant beacons of a great height, which they 
adorn with tufts made of grafs, or the bark of fome tree. 
Thefe objedls are difcernible at a great diftance, and are 
intended probably for landmarks ; their houfes, which 
are overihadowed by thick groves of cocoa-nut trees, 
feldom being vifible from afar. 

The Nicobareans, though indolent, are in general 
robuft and well-limbed. Their features are fomewhat 
like the Malays, and their colour is nearly fimilar. The 
women are much inferior in ftature to the men, but 
more a&ive in all domeftic affairs. Contrary to the 
cuftom of other nations, the women {have the hair of their 
heads, or keep it clofe cropt, which gives them an un- 
couth appearance, in the eyes of ftrangers at leaft. 

The inhabitants of Nancowry perform, every year, a 
very extraordinary ceremony in honour of the dead. It 
is thus defcribed by Lieutenant Colebrooke : 

“ On the anniverfary of this feftival, if it can be fo 
called, their houfes are decorated with garlands of 
flowers, fruits, and branches of trees. The people of 
each village affemble, dreft in their beft attire, at the 
principal houfe in the place, where they fpend the day 
in a convivial manner ; the men, fitting apart from the 
women, fmoke tobacco, and intoxicate themfelves; 
while the latter are nurfing their children, and employ- 
ed in preparations for |be mournful bufinefs oi the 
night. At a certain hour of the afternoon, announced 
by ftriking the Gating, the women fet up the moft dif- 
mal howls and lamentations, which they continue with- 
out intermiflion till about fun-fet ; when the whole 
party get up, and Walk in proceffion to the burying- 
ground. Arrived at the place, they form a circle 
around one of the graves, when a ftake, planted exaftly 
over the head of the corpfe, is pulled up. The woman 
who is neareft of kin to the deceafed, Heps out from 
the crowd, digs up the fkull, and draws it up with her 
hands. At fight of the bones, her ftrength feems to 
fail her ; fhe (hrieks, fhe fobs ; and tears of anguifti 
abundantly fall on the mouldering objeft of her pitfus 
care. She clears it from the earth, fcrapes off the 
feftering flefti, and laves it plentifully with the milk ol 
frefh cocoa-nuts, fupplied by the byftanders; after 
which (he rubs it over with an infufion of faffron, and 
wraps it carefully in a piece of new cloth. It is then 
depofited again in the earth, and covered up; the ftake 
is replanted, and hung with the various trappings and 

imple- 

(a) The great Nicobar iflands is perhaps an exception, where, it is faid, a race of men exifts, who are tptafly 
different in their colour and manners. They are connfidered as the Aborigines of the country.. in C 

interior parts among the mountains, and commit frequent depredations on the peaceable inhabitants of the coa s» 
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incowry {mpluments belonging to the deceafed. 

then to the other graves ; and the whole night is fpent 
in repetitions of thefe difmal and difguftful rites. 

“ On the morning following, the ceremony is con- 
cluded by an offering of many fat fvvine ; when the fa* 
orifice made to the dead affords an ample feaft to the 
living: they befmear themfelves with the blood of the 
flaughtered hogs, and fome, more voracious than others, 
eat the flefh raw. They have various ways, however, of 
dreffing their meat, but always eat it without fait. A 
kind of patte made of the melon ferves them for bread ; 
and they finifh their repafl with copious potations of 
taury, an inebriating liquor.” 

The Nicobareans are hofpitable and honeft, and are 
remarkable for a flrift obfervance of truth, and for 
punctuality in adhering to their engagements. Such 
crimes as theft, robbery, and murder, are unknown in 
thefe iflands ; but {hey do not want fpirit to revenge 
their injuries, and will fight refolutely; and flay their 
enemies, if attacked or unjuftly dealt with. Their only 
vice, if this failing can be fo called, is inebriation ; but 
in their cups they are generally jovial and good-hu- 
moured. It fometimes, however, happens at their 
feafls, that the men of different villages fall out; and 
the quarrel immediately becomes general. In thefe 
cafes they terminate their differences in a pitched battle ; 
where the only weapons ufed are long flicks, of a hard 
and knotty wood. With thefe they drub one another 
moll heartily, till, no longer able to endure the conflict, 
they mutually put a flop to the combat, and all get 
drunk again. 

NANKAR, ancient allowance to zemindars in land 
or money. 

NANKEEN, or Nan-king, is a well-known cotton 
fluff, which derives its name from the ancient capital of 
China (See Nan-king, JSwryr/.). It is, however, ac- 
cording to Van Braam, manufactured at a great diftance 
from that city, in the diflridl of Fong-kiang-fou, fituated 
in the fouth-eafl of the province of Kiang-nam upon 
the fea-fhore. The colour of nankeen is natural, the 
down of which it is made being of the fame yellow 
tinge with the cloth. The colour, as well as fuperior 
quality of this cotton, feems to be derived from the foil ; 
for it is faid that the feeds of the nankeen cotton dege- 
nerate in both particulars when tranfplanted to another 
province, however little different in its climate The 
common opinion, that the colour of the fluff is given 
by a dye, occafioned an order from Europe, fome 
years ago, to dye the pieces of nankeen of a deeper co- 
lour than they had at that period ; and the reafon of 
their being then paler than formerly is as follows : 

Shortly after the Americans began to trade with 
China, the demand increafed to nearly double the quan- 
tity it was poffible to furnifh. To fupply this deficiency, 
the manufacturers mixed common white cotton with the 
brown ; this gave it a pale call, which was immediately 
remarked; and for this lighter kind no purchafer could 
be found, till the other was exhaufted. As the con- 
fumption is grown lefs for thefe fome years paft, the 
mixture of cotton is no longer neceffary, and nankeen 
is become what it was before. By keeping them two 
or three years, it even appears that they have the pro- 
perty of growing darker. This kind of fluff muff be 
acknowledged to be the ftrongeft yet known. Many 
perfons have found that clothes made of it will laft three 
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They proceed or four yean, although for ever in the wafh. This it is Naples, ^ 

that makes them the favourite wear for breeches and “r~v 

waiflcoats both in Europe and America. The white 
nankeen is of the fame quality, and is made of white 
cotton as good as the brown, and which alfo grows in 
Kiang-nam. 

NAPLES-Yellow, called alfo Neapolitan earth, in 
Italian Giallolino, and in French 'Jaune dt Naples, is a 
beautiful pigment, concerning which we have much in- 
formation from the indefatigable Beckmann. “ It has 
(fays he) the appearance of an earth, is of a pale orange- 
yellow colour, ponderous, granulated, exceedingly fri- 
able, does not efflorefee, nor become moifl when expo- 
fed to the air, but when applied to the tongue feems to 
adhere to it. When reduced to a fine powder, it re- 
mains for fome time fufpended in water, but foon de- 
pofits itfelf at the bottom in the form of a flime. When 
boiled with water, the water, at leall fometimes, is ob- 
ferved to have a fomewhat faline tafte. It does not ef- 
fervefee with acids, but is in part diflblved by aqua regia 
(nitro-muriatic acid). In the fire it emits no fulphure- 
ous vapour, is difficult to be fufed, and by that opera- 
tion undergoes no material change, only that its colour 
becomes fomewhat redder. When fufed with colour- 
lefs glafs, it gives it a milk-white colour, a fure proof 
that it contains no iron ; and, with inflammable fub- 
llances, there is obtained from it a regulus which has 
the appearance of a mixture of lead and antimony. 
“ This article is brought from Naples for the moll part 

in the form of an earthy crull about three or four lines 
in thicknefs, and it fometimes retains the form of the 
veflel in which it has hardened. It can be procured alfo 
as a fine powder, as the colourmen keep it fometimes 
ready pounded for life.” 

About the nature of the fubftance called Naples-yel- 
low there has been much diverfity of opinion. Mod of 
thofe who have written about it, confider it as origi- 
nating from fire, and as a volcanic production of Mount 
Vefuvius or Mount jEtna ; others have pronounced it 
to be a natural ochre. Guettard thought it rather a 
kind of bole ; but Pott approached neareft the truth, 
by aflerting it to be an artificial preparation *. Fou-* ^ 
geroux is entitled to the merit of having proved this, * jT 
and of having fhewn the poffibility of preparing it. Ac- 
cording to his experiments, Naples-yellow will be ob- 
tained if you boil for feven or eight hours, firll over a 
flow and then over a ftrong fire, a mixture finely pul- 
verifed of twelve parts of pure white lead, one part of 
alum, one part of fal ammoniac, and three parts of 
diaphoretic antimony f (white oxide of antimony by 
nitre). But before Fougeroux, who may have obtain-s'ciencts 
ed an account of the procefs during his travels through I766. ' 
Italy, a more certain procefs was publiffied in the year 
1758, by Giambattifta Pafleri, in his intereiling work 
on the painting of earthen ware The articles to be 1 Nu«v« 
employed, according to this author, are, “ one pound 
of antimony, a pound and a half of lead, one ounce oifoentifici, 
alume di feccia, and the fame quantity of common t.iv. 
fait.” I am inclined (fays M. Beckmann) to think 
that this receipt was not unknown to Fougeroux, and 
that he confidered alume di feccia to be alum. Pro- 
feffor Leonhardi, a man of very found learning, has 
tranflated this expreflion by the word alum. I will, 
however, freely confefs, that I confider alume di feccia 
not to mean alum, but fait of tartar, or potafh. Paf- 

O o a feri 
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Naples, fen fayS, that the proportions may be varied different 

ways ; and he gives fix other receipts, in which he does 
not mention alume di feccia, but only feccia; and this 
word certainly means weinhefen or wineftone (tartar). 
Profeffor Leonhardi himfelf feems to confirm this opi- 
nion, by laying, that Vairo, profeffor of chemiftry at 
Naples, has tranflated “ the alhes of wine lees,, (cineres 
injedlorit) by the words alume di feccia. 

After Fougeroux’s-paper was printed, De la Lande 
publifhed a receipt which he had received from the 
well-known prince San Severe, and in which lead and 
antimony only are employed ; but no mention is made 
either of alum, tartar, or any other fait. This receipt 
is as follows : 

Take lead well calcined and fifted, with a third part 
of its weight of antimony pounded and fifted alfo. Mix 
thefe fubltances well together, and fift them again 
through a piece of filk. Then take large flat earthen 
difhes, not varniihed, cover them with white paper, and 
fpread out the powder upon them to the depth of 
about two inches. Place thefe dilhes in a potter’s fur- 
nace, but only at the top, that they may not be expo- 
fed to too violent a heat. The reverberation of the 
flame will be fufficient. The dilhes may be taken out 
at the fame time as the earthen-ware, and the fubftance 
will then be found hard, and of a yellow colour. It is 
then pounded on a piece of marble with water, and af- 
terwards dried for ufe. 

The enamel-painters in Germany prepare a yellow 
glazing, not very different from the real Naples yellow, 
by a prefeription, according to which, “ one pound of 
antimony, fix ounces of red lead, and two ounces of 
white fand, are to be fufed together. The produce, 
which appears quite black, is to be pounded, and then 
fufed again ; and this procefs is to be repeated till the 
whole mafs becomes thoroughly yellow. Half a pound 
of this mafs is to be mixed with two ounces of red lead, 
and afterwards fufed ; and by this tedious procefs an 
orange-yellow pigment will be obtained.” 

All artifts who fpeak of the ufe of Naples yellow, 
give cautions againft applying iron to it, as the colour 
by thefe means becomes greenifh, or at lealt dirty. For 
tlvis reafon, it muff be pounded on a ftone, and feraped 
together with an ivory fpatula. It is employed chiefly 
in oil painting, becaufe the colour is fofter, brighter, 
and richer than that of ochre, yellow lead, or orpiment, 
and becaufe it far exceeds thefe pigments in durability. 
It is employed in particular when the yellow ought to 
iave the appearance of gold, and in this refpeft it may 
be prepared with gum water, and ufed as a water co- 
lour. A ftill greater advantage of it is, that it is pro- 
per for enamel painting, and on that account may be 
employed on porcelain or earthen ware (a). Profeffor 
Beckmann, however, recommends to artiffs to examine 
whether the oxide prepared from wolfram, by boiling in 
the muriatic acid, which has a beautiful yellow colour, 
might not be ufed in the fame manner as Naples yellow. 

NARDUS. Under this generic term we have, in 
the Encyclopadia, given, from the Philofophical Tranf 
vtlions) a defeription of the plant or grafs which Dr 
Blane confiders as the fpikenard of the ancients. It is 

our duty, in this place, to inform our readers, that Sir Nardtu' 
William Jones, in the 2d and 4th volumes of the /Ifiatic Wares. 
RefearcheS) feems to have completely proved that the 
fpikenard of Diofcorides and Galen, or Nardus Indicay 
was a very different plan from the Andropogon of Dr 
Blane, and that it grows in a country far diftant from 
Mackran. The proofs brought by the illuftrious pre- 
fident of the Afiatic Society, in fupport of his own 
opinion, are too numerous and circumilantial to be in- 
troduced into fuch a work as this. We (hall therefore 
only give one of them ; which though, when feparated 
from the reft, it lofes much of its force, muft be allowed, 
even fingly, to have great weight. 

The true Indian fpikenard is confeffedly called by 
the Arabs Sumbulu’l Hind; for fo they tranflate the 
name of it in Diofcorides. Now (fays Sir William) I 
put a fair and plain queftion feverally to three or four 
Muffulman phyficians : “ What is the Indian name of 
the plant winch the Arabs call Sumbulu’l Hind ?** 
They all anfwered, but fome with more readinefs than 
others, 'Jatamami. After a pretty long interval, I 
(hewed them the fpikes (as they are called) of jfatd- 
manst, and alked, what was the Arabic name of that 
Indian drug ? They all anfwered readily, Sambulu’l 
Hind. The fame evidence may be obtained in this 
country by any other European who feeks it; and if 
among twelve native phyficians, verfed in Arabian and 
Indian philology, a fingle man (houkl, after due conli- 
deration, give different anfwers, I will cheerfully fub- 
mit to the Roman judgment of non liquet. But the 
Jdtdmansi* evidently belongs to the natural order * prate 
which Linnaeus calls aggregate ; with the following cha- XXX. 
rafters : 

Calyx, fcarce any ; margin, hardly difcemible. Co- 
rolla, one petal ; tube fomewhat gibbous; border five 
cleft. Stamina, three Anthers. Pijlula, Germ beneath ; 
one Style ere£t. Seed, folitary, crowned with a pap- 
pus. Root, fibrous. Leaves, hearted, fourfold ; radi- 
cal leaves petioled. 

It appears therefore (continues the learned author) 
to be the Protean plant Valerian, a filler of the Moun- 
tain and Celtick Nard, and of a fpecies which I ihould 
deferibe in the Linnean ftyle, Valeriana Jdtamanss 

Jloribvs triandris, foliis cordatis quaternis, radicalibus pe- 
tiolaiis. The radical leaves, riling from the ground, 
and enfolding the young Item, are plucked up with a 
part of the root, and being dried in the fun or by an 
artificial heat, are fold as a drug, which, from its ap- 
pearance, has been called fpikenard. The Jatamansi 
is a native of the moft remote and hilly parts of India, 
fuch as Ne'pa l, Marang Butan, near which Ptolemy 
fixes the native foil of the Nardus Indica. It grows 
ere£t above the furface of the ground refembling an ear 
of green wheat ; and when recent, it has a faint odour, 
which is greatly increafed by the fimple procefs of dry- 
ing it. 

NARES (James), do&or of mufic, an eminent 
compoler and teacher in that fcience, under whom fome^g^’g^t, 
of the firft muficians of the prefent day received the 
whole or part of their education, was the fon of Mr 
Nares, who was, for many years, fteward to Montague 

and 

(a) In the Memoirs of the Academy of Sciences for 1767, Fougeroux has proved that the giallolino prepared 
by him pioduced on porcelain a much more beautiful colour than the Naples yellow fold in the (hops. 
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1Nare*. and Willoughby, earls of Abingdon. He was born, as 

well as his brother, the late Mr Juftiee Nares, at Stan- 
well in Middlefex; the former in 1715, the latter in 
1716. His mufical education he commenced under 
Mr Gates, then mailer of the royal choriilers; and 
completed it under the celebrated Dr Pepufeh. Thus 
prepared, he officiated, for fome time, as deputy to Mr 
Pigott, organift of Windfor; but on the refignation of 
Mr Saliibury, organiit of York, in 1734, was chofen 
to fucceed him, being then only nineteen. It is related, 
on undoubted authority, that when the old mufician 
firft faw his intended fucceifor, he faid, rather angrily, 
“ What! is that child to fucceed me ?” which being 
mentioned to the organift-eleft, he took an early op- 
portunity, on a difficult fervice being appointed, to play 
it throughout half a note below the pitch, which 
brought it into a key with feven ffiarps ; and went 
through it without the flighteft error. Being afked 
why he did fo ? he faid, that “ he only veiffied to {hew 
Mr Saliffiury what a child could do.,> His knowledge in 
all branches of his profeffion was equal to his practical 
{kill in this inilance ; and, during his refidence at York, 
where he was abundantly employed as a teacher, and 
where he married, Mr Nares, by his good conduft, as 
well as profeffional merit, obtained many powerful 
friends. Among the foremoft of thefe was Dr Fon- 
tayne, the refpe&able and venerable dean of York ; 
who, when Dr Green died, towards the letter end of 
1755, exerted his intereft fo fuccefsfully, that he ob- 
tained for him the united places of organift. and com- 
pofer to his Majefty. He removed therefore to London 
in the beginning of 1756 ; and, about the fame time, 
was created doftor in raufic at Cambridge. 

On the refignation of Mr Gates, in 1757, Dr Nares 
obtained alfo the place of mafter of the chorifters ; 
which having been, for a long time, without increafe, 
notwithftanding the increafe of expences attending it, 
was, by royal favour, augmented about 1775, firft with 
the falary of the violift; and, on the revival of that place 
for Mr Crofdill, in 1777, with that of lutanift, which 
wras annexed to it for ever. It was in this fituation 
that Dr Nares fuperintended the education of many 
pupils, who have fince become famous; particularly Dr 
Arnold, who, though with him only for a (hurt time, 
was highly diftinguiffied by him for talents and appli- 
cation. The anthems and fervices which Dr Nares 
produced, as compofer to the royal chapel, were very 
numerous ; many of them have fince been printed, and 
many which exift only in manufcript ftill continue to 
be performed in the choirs with much effect. Having 
been originally a mufician rather by accident than 
choice, with very ftrong talents and propenfities alio 
for literature, Dr Nares w^as particularly attentive to 
exprefs the fenfe of the wwds he undertook to fet; and 
was the firft who attempted to compofe the Te Deum 
for the choir fervice, in fuch a manner as to fet off the 
fentiments it contains to advantage. Before his time, 
it had been fet rather to a regular ftrain of chaunt’ than 
to any expreffive melodies. The merits of Dr Nares 
were not overlooked by his royal patrons, whom he had 
occafionally the honour to attend in private, though 
not a part of his regular duty. To manifeft his refpedl 
and gratitude for them, ke compofed his dramatic ode, 
entitled The Royal Faftoral j the words of which were 
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written by Mr Bellamy, author of a book, entitled Ethic Nares. 
Amufements. u—y— 

In July 1780, Dr Nares was obliged, by declining 
health, to refign the care of the chorifters, in which 
place he was fucceeded by Dr Ayrton, his pupil and 
valued friend. In his fixty-eighth year, a conftitution, 
never robuft, gave way, and he died on February 10. 
1783. Teftimony has been borne to the merits of Dr 
Nares by feveral writers, but more particularly by Mr 
Mafon, in his preface to a book of anthems, printed for 
the ufe of York Cathedral; and in his late Effays on 
Church Mufic, page 138. The late Lord Mornington, 
fo well known for mufical talents, frequently confulted 
him ; and Sir John Hawkins derived advantage from 
his acquaintance, in the progrefs of his Hiftory of Mu- 
fic. Throughout life, he was not lefs refpe&ed as a man 
than admired as a mufician ; he had a vivacity that ren- 
dered his fociety always pleafing ; and a generous con- 
tempt for every thing bafe, that manifefted itfelf on all 
proper occafions, and very juftly commanded efteem. 

His printed works are thefe : t. Eight fets of Lef- 
fons for the Harpfichord ; dedicated to the Right Hon. 
Willoughby Earl of Abingdon. Printed in 1748 ; re- 
printed in 1757. 2. Five Leffons for the Harpfichord, 
with a Sonata in fcore for the Harpfichord or Organ ; 
dedicated to the Right Honourable the Countefs of 
Carlifle ; publifhed in 1758 or 1759. 3. A Set of 
Eafy Leffons for the Harpfichord, three in number; 
with a dedication to the public, figned J. N. 4. A 
Treatife on Singing, fmall fize. 5. 11 Principio ; or A 
regular Introduction to playing on the Harpfichord or 
Organ. This was the firft fet of progreffive leffons 
publiftied on a regular plan. 6. The Royal Paftoral, a 
Dramatic Ode ; dedicated to his Royal Highnefs the 
Prince of Wales ; printed in fcore, with an overture and 
chorufes, 7. Catches, Canons, and Glees ; dedicated 
to the late Lord Mornington. 8. Six Fugues, with 
Introductory Voluntaries for the Organ or Harpfi- 
chord. 9. A Concife and Eafy Treatife on Singing, , 
wdth a Set of Englilh Duets for Beginners. A diffe- 
rent work from the former fmall treatife. 10; Twenty 
Anthems, in fcore, for one, two, three, four, and five 
Voices. Compofed for the Ufe of his Majefty’s Cha- 
pels Royal, 1778. it. Six Eafy Anthems, with a fa- 
vourite Morning and Evening Service, left for publica- 
tion at his death, and publifhed in 1788, with a portrait 
and a concife account of the author. Of thefe compo- 
fitions the following fhort charader is given by an emi- 
nent mufician, to whom they are all well-known : “ The 
leffons are compofed in a mafterly and pleafmg ftyle ; 
free from thofe tricks and unmeaning fucceffions of 
femitones, to which a good ear and found judgment 
never can be reconciled. The treatifes on finging con- 
tain duets compofed for the ufe of the children of 
the royal chapels, fuperior to any thing yet publiftu 
ed ; and fuch as every teacher ought to perufe. His 
catches, canons, and glees, are natural and pleafing ; 
efpecially the glee to all Lovers of Harmony, i*-hich 
gained the prize medal at the catch-club in 1770. The 
Royal Paftoral is compofed throughout in a very maf- 
terly manner; particularly the chorufes, with which 
each part concludes.- This ode, containing 108 pages, 
was written, and all the vocal and inftrumental parts 
tranferibed for performing, within twelve days. The 
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Havigatai**. fix fugues, with Introdu£lory voluntaries for the organ, 
' ^ 'contain the ftrongeft proofs of ingenuity and judge- 

ment ; few, if any, have ever been written that can be 
preferred to them. In both fets of the anthems, the 
fame chara&eriftics appear ; and the fervice of the lat- 
ter very juftly acquired the title of favourite ; nor can 
there be any doubt that the works of this author will 
be admired as long as a tafte for mufic fhall fubfift.” 

NAVIGATORS islands, an archipelago in the 
South Sea, difeovtred by Bougainville, who gave to 
them that name, becaufe the natives do not pafs between 
the different villages, which are all built in creeks and 
bays, but in their canoes. The Navigators Iflands are 
ten in number; namely, Opoun, I.eone, Fanfoue, Ma- 
ouana, Oyolava, CalinaJJ'ey Pola, Sbila, OJJ'amo, and 
Ouera. 

We have already given an account of the foil and 
produ&ions of Maouana ; and as the other ifiands of 
this clufter are equally fertile, we need not go over the 
fame ground again. It may be proper, however, to 
obferve, that in feme of them the iugar-cane was found 
growing fpontaneoufly, though its juice contained lefs 
of the faccharine fubflance than the fugar cane of the 
Weft Indies, which our voyagers attributed to its grow- 
ing in a richer foil and in the fhade. According to 
Peroufe, the Navigators Iflands are fituated about the 
14th degree of fouth latitude, and between the 171ft 
and 175th degrees of longitude weft from Paris. In 
Oyolava the fmoke was feen hovering over a village as 
over a large European town ; and the number of ca- 
noes which from that ifland furrounded the frigates was 
immenfe. Thefe are very tickliih veffels, and would be 
abfolutely ufelefs to any body but fuch excellent fwim- 
mers as the iflanders, who are no more furpri^'d or un- 
eafy at their overfetting than we are at the fall of a 
hat. Taking up the canoe on their flioulders, they 
empty it of water, and then get in again; with the cer- 
tainty of having the fame operation to perform a fecond 
time in half an hour. Sometimes they join two canoes 
together by means of a crofs piece of wood, in which 
they make a ftep to receive the mail ; and in this way 
they are lefs liable to be overfet, fometimes performing 
a long voyage without any fuch accident. It is need- 
lefs to add, that thefe canoes are very fmall, generally 
containing only five or fix perfons, though fome few of 
them may contain as many as fourteen. 

The natives of the Navigators Illands are tall and 
well made. Their ufu;d height is five feet nine, ten, 
and eleven inches ; but their ftature is lefs aftoniftiing 
than the coloffal proportions of the different parts of 
their bodies. “ Our curiofity (fays Peroufe), which 
often led us to meafure them, gave them an opportu- 
nity of making frequent comparifons of their bodily 
ftrength with ours. Thefe comparifons were not to 
our advantage ; and we perhaps owe our misfortunes 
(fee Maouana in this Suppl.) to the idea of individual 
fuperiority refulting from repeated triajs. Their coun- 
tenances often appeared to exprefs a fentiment of dif- 
dain, which I hoped to deftroy, by ordering our arms 
to be ufed in their prefence : but my end could only 
have been gained by directing them again ft human vic- 
tims for otherwlfe they took the noife for fport, and 
the trial for a diverfion. 

“ Among thefe Indians a very fmall number is be- 
^ow the height indicated above. I have, however, mea- 

fured feveral who were only five feet four inches, but Navigtlar|r 
thefe are the dwarfs of the country ; and although 
their ftature refembles ours, their ftrong and nervous 
arms, their broad chefts, and their legs and thighs, are 
of a very different proportion. 

“ The men have the body painted or tatowed, fo 
that any one would fuppofe them clad, although they 
go alinoft naked. They have only a girdle of fea- 
weeds encircling their loins, which comes down to their 
knees, and gives them the appearance of the river gods 
of fabulous hiftory, whom it is cuftomary to depidf with 
ruffles round their waift. Their hair is very long. They 
often twift it round their heads, and thus add to their 
native ferocity of countenance, which always expreffes 
either furprife or anger. The leaft difpute between- 
them is followed by blows of fticks, clubs, or paddles; 
and often, without doubt, cofts the combatants their 
lives. They are almoft all covered with fears, which 
can only be the confequence of their individual quar- 
rels. The ftature of the women is proportioned t<j 
that of the men. They are tall, flender, and not with- 
out grace; but they lofe, while yet in their prime, 
thofe elegant forms, of which Nature has not broken the 
mould among this barbarous race, but of which (he ap- 
pears to leave them in pofleflion only for a moment, and 
with relu&ance. Among a great number of women 
that I had an opportunity of feeing, I only obferved 
three really pretty. The grofs effrontery of the reft, 
the indecency of their motions, and the difgufting of- 
fers which they made of their favours, rendered them 
fit mothers and wives for the ferocious beings that fur- 
rounded us.” Our author gives the following inftance 
of indecent manners, which is, perhaps, without a pa- 
rallel. 

The young and prettieft females foon attra&ed the 
attention of feveral Frenchmen, who, in fpite of the 
Commodore’s prohibition, endeavoured to form a con- 
n eft ton with them, and were fuccefsful. The looks of 
the Europeans exprefling defires which wTere foon di- 
vined, (ome old women undertook the negotiation. The 
altar w'as prepared in the handfomeff hut in the village, 
all the blinds were let down, and the inquifitive were 
excluded. The vielim was then laid in the arms of an 
old man, w'ho exhorted her, during the ceremony, to 
moderate the expreffion of her pain; while the matrons 
fang and howled : the ceremony being performed in 
their prefence, and under the aufpices of the old man, 
who ferved at once as prieff and altar. All the wo- 
men and children in the village were round the honfe, 
gently lifting up the blinds, and feeking to enjoy the 
fight through the fmalleft crevices in the mats. What- 
ever former navigators may have faid, Peroufe was con- 
vinced that, in the Navigators Iflands at leaft, the 
young girls, before they are married, are miftreffes of 
their perfons, and that they are not diftionoured by 
their complaifance. It is even more than probable, 
that in marrying they are called to no account con- 
cerning their paft condudf; but he had no doubt that 
they are obliged to be more referved when provided 
with a hufband. 

Thefe people cultivate certain arts with fuccefs. Un- 
der the article Maouana mention has been made of the 
elegant form which they give to their huts. It is not 
with fuch folly as is commonly fuppofed that they dif- 
dain our inftruments of iron; for they finifti their work 

very 
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ivl£.tfora. very neatly with tools made of a very fine and compadt 

* fpecies of bafaltes in the form of an adze. For a few 
glafs beads they fold to Peroufe lar^e three-legged 
difhes of a {ingle piece of wood, and fo well poliihed 
that they feemed to have been laid over with a coat of 
the fineit varnifh. It would take an European work- 
man feveral days to produce one of thefe difhes, which, 
for want of proper inflruments, mull coft an Indian fe- 
veral months labour. They fet, however, fcarcely 
any value upon them, becaufe they fet little upon the 
time they employ. The fruit trees and nutritious roots 
that grow fpontaneoufly around them, infure to them 
their fubfiftence, as well as that of their hogs, dogs, 
and fowls ; and if they fometimes {loop tp work, it is 
to procure enjoyments rather agreeable than ufeful. 
They manufacture very fine mats, and fume paper {tuffs. 
Our author remarked two or three of them, whom he 
took for chiefs, with a piece of cloth tied round their 
waill like a petticoat, inftead of a girdle of weeds. It 
is compofed of real thread, prepared no doubt from 
fome filamentous plant like the nettle or flax ; and is 
manufactured without a {buttle, the threads being ab- 
folutely laid over one another like thofe of their mats. 
This cloth, which has all the fupplenefs and folidity of 
ours, is very fit for the fails of their canoes ; and ap- 
peared far fuperior to the paper fluff of the Society and 
Friendly Elands, which they manufacture alfo. Their 
canoes are well conftruCted, and furnifh a good proof of 
the {kill with which they work in wood. For a few 
glafs beads they gave to the Frenchmen, among other 
things, a wooden veffel filled with cocoa nut oil, exact- 
ly of the fliape of our earthen pots, and fuch as no Eu- 
ropean would undertake to fafljicm by any other means 
than a turning lathe. Their ropes are round, and twill- 
ed like watch chains of ribbon : their mats are very fine ; 
but their fluffs are inferior to thofe of the Eafter and 
Sandwich Iflands. 

Peroufe derives the natives of thofe iflands, whofe 
colour, he fays, nearly refembles that of the Algerines 
and other nations on the coaft of Barbary, from the 
Malays; and as we do not vouch for the truth of his 
theory, though we admit it to be ingenious, we {hall 
give the reafoning by which he fupports it in his own 
words. 

“ We did not at firft difcover (fays he) any identity 
between their language and that of the natives of the 
Society and Friendly Iflands, of which we had vocabu- 
laries ; but a more mature examination convinced us, 
that they fpeak a dialed of the fame language. A 
fad which tends to prove it, and which confirms the 
opinion of the Englilh concerning the origin of thefe 
people, is, that a young domeftic, a native of the pro- 
vince of Tagayan in the north of Manilla, underftood 
and explained to us the greater part of their words. It 

95 1 N A V 
is well known that the Tagayan, the Talgal, and the^avigatQ1^ 
generality of languages fpoken in the Philippines, are 
derived from the Malay : a language more diffufed than 
were thofe of the Greeks and Romans, and common to 
the numerous tribes that inhabit the iflands of the great 
Pacific Ocean. It appears to me evident, that all thefe 
different nations are the progeny of Malay colonies, 
which, in fome age extremely remote, conquered the 
iflands they inhabit. I fhould not even wonder, if the 
Chinefe and Egyptians, whofe antiquity is fo much 
vaunted, were mere moderns in comparifon of the Ma- 
lays. But however this may be, I am fatisfied that the 
aborigines of the Philippine Iflands, Formofa, New 
Guinea, New Britain, the New Hebrides, the Friendly 
Iflands, &c. in the fouthern hemifphere, and thofe of 
the Marianna and Sandwich iflands in the northern, 
were that race of woolly headed men ftill found in the 
interior of the iflands of Luconia and Formofa. They 
were not to be fubjugated in New Guinea, New Bri- 
tain, and the New Hebrides ; but being overcome in 
the more eaflern iflands, which were too fmall to afford 
them a retreat in the centre, they mixed with the con- 
quering nation. Thence has refulted a race of very 
black men, whofe colour is ftill feveral {hades deeper 
than that of certain families of the country, probably 
becaufe the latter have made it a point of honour to 
keep their blood unmixed. I was ftruck with thefe 
two very diftindl races in the Iflands of Navigators, and 
cannot attribute to them any other origin. 

“ The defendants of the Malays have acquired in 
thofe iflands a degree of vigour and flrength, a lofty 
llature, and a Herculean form, which they do not in- 
herit from their forefathers, but which they owe, with- 
out doubt, to an abundance of food, to a mild climate, 
and to the influence of different phyfical caufes which 
have been conftantly adring during a long feries of ge- 
nerations. The arts which they perhaps brought withn 
them may have been loft for want of materials and in- 
ftruments to pradlife them ; but the identity of lan- 
guage, like Ariadne’s clue, enables the obferver to fol-- 
low all the windings of this new labyrinth. The feu- 
dal government is alfo preferved here ; that government 
which little tyrants may regret; which was the difgrace 
of Europe for feveral centuries ; and of which the Go- 
thic remains are ftill to be found in our laws, and are 
the medals that atteft our ancient barbarifm : that go- 
vernment, which is the moft proper to keep up a fero- 
city of manners, becaufe the fmalleft difputes occafion 
wars of village againft village, and becaufe wars of this 
nature are condudled without magnanimity, and with- 
out courage. Surprifes and treachery are employed by 
turns ; and in thefe unfortunate countries, inftead of ge- 
nerous warriors, nothing is to be found but bafe affaf- 
lins (a). The Malays are ftill the moft perfidious na- 

tion < 

(a) This was written under the old government of France by a man who, like other declaimers in the caufe 
of liberty, forgot the excellencies, and infifted only on the defedts of the feudal inftitutions. Had Peroufe, how- 
ever, returned to Europe, and witneffed the philofophic government of his country, he would have perceived, that 
liberty and equality^ and the rights of many are as well calculated to generate bafe affaflins, as the Gothic remains 
of that Government by which he fuppofed Europe to have been fo long difgraced. He might even have lived to 
regret, that his lot was not caft among the bold and ferocious inhabitants of Maouna; for the treachery and 
cruelty of thefe people bears no proportion, even in his affedling narrative, to the fyftematic cruelty of thofe who 
decreed, that the end fandtifies the means, and that nothing, however atrocious in the eftimation of antiquated.. 
moralifts, is to be omitted, which contributes to elevate the mean above the noble. 
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tioil of Afia ; and their children have not degenerated, 
hecaufe the fame caufes have led to and produced the 

„ fame effedls. It may be objefted, perhaps, that it 
muft have been very difficult for the Malays to make 
their way from well to eaft, to arrive at thefe different 
iflands ; but .the wefterly winds blow as frequently as 
the eallerly in the vicinity of the equator, along a zone 
of feven or eight degrees from north to fouth, where 
the wind is fo variable, that it is hardly more difficult 
to navigate eaft than weft. Befides, thefe different con- 
quefts may not have been effedted at the fame time : 
the people in queftion may, on the contrary, have 
fpread themfelves by little and little, and gradually have 
introduced that form of government which ftill exifts in 
the peninfula of Malacca, at Java, Sumatra, and at Bor- 
neo, as well as in all the other countries fubjedl to that 
barbarous nation.” 

NAZER, Nazr, Nezer, Nuzzer, Nuzzerana; 
a prefent from an inferior ; fees of office. 

NEBULOUS, or Cloudy, a term applied to cer- 
tain fixed liars which ffiew a dim hazy light; being lefs 
than thofe of the fixth magnitude, and therefore fcarce- 
ly vifible to the naked eye, to which at bell they only 
appear like little dulky fpecks or clouds. Through a 
moderate telefcope, thefe nebulous ftars plainly appear 
to be congeries or clufters of feveral little ftars. 

NECKAR Isle, a fmall barren ifland, or rather 
rock, difeovered by Peroufe in the Pacific Ocean. 
Though its fterility renders it of no importance in it- 
felf, its exadt fituation muft be interefting to navigators, 
who are therefore obliged to the French Commodore 
for having afeertained its latitude to be 230 33/ north, 
and its longitude to be 1660 52' weft from Paris. From 
the foundings the Neckar feemed to be only the top or 
nucleus of a much more confiderable ifland, which, pro- 
bably from being compofed of a foft and diffoluble fub- 
flance, the fea had gradually walhed away. In pro- 
portion as the frigates left the fhore, the depth, which 
at the diftance of a mile was Yery little, gradually in- 
creafed, till, at the diftance of about ten miles, no bot- 
tom was found with a line of 150 fathoms ; and over 
the whole of that fhore the bottom confiited of coral 
and broken fhells. 

NEP AL, a kingdom of India, fituated to the north- 
eaft of the city of Patna, at the diftance of ten or 
twelve days journey. Within the diftance of four days 
journey from Nepal the road is good in the plains of 
Hindoftan, but in the mountains it is bad, narrow, and 
dangerous. At the foot of the hills the country is 
called ’Teriani; and there the air is very unwholefome 
from the middle of March to the middle of November; 
and people in their paffage catch a diforder called in 
the language of that country aul; which is a putrid 
fever, and of which the generality of people, who are 
attacked with it, die in a few days ; but on the plains 
there is no apprehenfion of it. Although the road be 
very narrow and inconvenient for three or four days at 
the pafles of the hills, where it is neceffary to crofs and 
recrofs the river more than fifty times, yet, on reaching 
the interior mountain before you defeend, you have an 
agreeable profpedl of the extenjive plain of Nepal, re- 
fembling an amphitheatre covered with populous towns 
and villages : the circumference of the plain is about 
200 miles, a little irregular, and furrounaed by hills on 
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all Tides, fo that no perfon can enter or come out of it 
without palling the mountains. 1 

There are three principal cities in the plain, each of 
which was the capital of an independent kingdom; the 
principal city of the three is iituated to the northward 
of the plain, and is called Cai'hmandu { it contains 
about 18,000 houfes; and this kingdom, from fouth to 
north, extends to the diftance of twelve or thirteen days 
journey as far as the borders of Tibet, and is almoft as 
extenfive from eaft to weft. The king of Cat’hmandu 
has always about 50,000 foldiers in his fervice. The 
fecond city to the fouth-weft of Cat’hmandu is called 
Le/it Pattern; it contains near 24,000 houfes. The 
third principal city to the eaft of Lelit Pattan is called 
B’hatgan: it contains about 12,000 families; and is 
the metropolis of a diftnft which extends towards 
the eaft to the diftUnce of five or fix days journey ; 
and borders upon another nation, alfo independent, 
called Ciratas, who profefs no religion. Befides thefe 
three principal cities, there are many other large and 
lefs confiderable towns or fortreffes ; one of which is 
Timi, and another Cipolit each of which contains about 
8000 houfes, and is very populous. All thofe towns, 
both great and fmall, are well built ; the houfes are 
coftftru&ed of brick, and are three or four ftories high; 
their apartments are not lofty ; they have doors and 
windows of wood well worked and arranged 'with great 
regularity. The ftreets of all their towns are paved 
with brick or ftone, with a regular declivity to carry 
off the water. In almoft every ftreet of the capital 
towns there are alfo good wells made of ftone, from 
which the water paffes through feveral ftone canals for 
the public benefit. In every town there are large fquare 
varandas well built, for the accommodation of travellers 
and the public : thefe varandas are called Pali; and 
there are alio many of them, as well as wells, in diffe- 
rent parts of the country for public ufe. There are 
alio, on the outlide of the great towns, fmall fquare re- 
fervoirs of water, faced with brick, with a good road to 
walk upon, and a large flight of fteps for the convenience 
of thofe who choofe to bathe. 

The religion of Nepal is of two kinds: the more an- 
cient is profeffed by many people who call themfelves 
Baryefu ; they pluck out all the hair from their heads; 
their drefs is of coarfe red woollen cloth, and they wear 
a cap of the fame; they are confidered as people of the 
religious order, and their religion prohibits them from 
marrying, as it is with the Lamas of Tibet, from which 
country their religion was originally brought; but in 
Nepal they do not obferve this rule, except at their 
diferetion. They have large monafteries, in which eve- 
ry one has a feparate apartment or place of abode. They 
obferve alfo particular feftivals, the principal of which 
is called Tatra in their language, and continues a month 
or longer according to the pleafure of the king. The 
ceremony confifts in drawing an idof, which at Lelit 
Pattan is called Bagheroy in a large and richly orna- 
mented car, covered with gilt copper : round about the 
idol ftand the king and the principal Baryefus; and in 
this manner the vehicle is almoft every day drawn thro* 
feme one of the ftreets of the city by the inhabitants, 
who run about beating and playing upon every kind of 
inftrument their country affords, which make an incon- 
ceivable noife. 

Nepal 

The 
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Nepal. The other religion, the more common of the two, is 

that of the Brahmens, and is the fame as is followed in 
Hindoftan, with the difference that, in the latter coun- 

. try, the Hindus being mixed with the Mahommedans, 
their religion alfo abounds with many prejudices, and is 
not ftrictly obferved; whereas in Nepal, where there are 
no MufTelmans (except one Cafhmirian merchant), the 
Hindu religion is praitifed in its greateft purity : eve- 
ry day of the month they clafs under its proper name, 
when certain facrifices are. to be performed and certain 
prayers offered up in their temples : the places of wor- 
(hip are more in number in their towns than are to be 
found in the moft populous and mod: flourifhing cities 
of Chriftendom; many of them are magnificent accord- 
ing to their ideas of archite&ure, and conftru&ed at a 
very confiderable expence ; fome of them have four or 
five fquare cupolas, and in fome of the temples two or 
three of the extreme cupolas, as well as the doors and 
windows of them, are decorated with gilt copper. 

In the city of Lcla Pattan the temple of Baghero is 
more valuable* on account of the gold, filver, and jewels 
it contains, than even the houfe of the king. Befides 
the large temples, there are alfo many fmall ones, which 
have flairs, by which a fingle perfon may afcend, on 
the outlide all around them ; and fome of thofe fmall 
temples have four fides, others fix, with fmall Hone or 
marble pillars polifhed very fmooth, with two or three 
pyramidal {lories, and all their ornaments well gilt, and 
neatly worked according to their ideas of tafle. On 
the out fide of fome of their temples there are great 
fquare pillars of fingle ftones from twenty to thirty feet 
high, upon which they place their idols fuperbly gilt. 
The greateft number of their temples have a good ftone 
ftaircafe in the middle of the four fquares, and at the 

. end of each flight of flairs there are lines cut out of 
ftone on both fides : around about their temples there 
are alfo bells, which the people ring on particular occa- 
fions ; and when they are at prayers, many cupolas are 
alfo quite filled with little bells hanging by cords in the 
infide about the diftance of a foot from each other, which 
make a great noife on that quarter where the wind con- 
veys the found. There are not only fuperb temples in 
their great cities, but alfo within their caflles. 

To the eaftward of Cat’hmandu, at the diftance of 
about two or three miles, there is a place called To/u, 
by which there flows a fmall river, the water of which 
is efteemed holy, according to their fupcrftitious ideas, 
and thither they carry people of high rank, when they 
are thought to be at the point of death : at this place 
there is a temple, which is not inferior to the bell and 
richeft in any of the capital cities. They alfo have it 
on tradition, that at two or three places in Nepal va- 
luable treafures are concealed under ground : one of 
thofe places they believe is Tolu; but no one is permit- 
ted to make ufe of them except the king, and that only 
in cafes of necellity. Thofe treafures, they fay, have 
been accumulated in this manner : When any temple 
had become very rich from the offerings of the people, 
it was deftroyed, and deep vaults dug under ground 
one above another, in which the gold, filver, gilt cop- 
per, jewels, and every thing of value, were depofited. 
This was found to be aftually the cafe when the mif- 
fionary, from whofe memoir this account of Nepal is 
taken, was at Cat’hmandu. One of the kings, or pre- 
tenders to the crown, who were then at war with each 
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other, being in the utmoft diftrefs for want of money to 
pay his troops, ordered the vaults at Tolu to be open- 
ed ; and found in the firft vault more money, befides 
filver and gold idols, than he bad immediate occafion 
for. 

I o the weftward alfo of the great city of Lclit Pat- 
tan, at the diftance of only three miles, is a caftle called 
Banga, in which there is a magnificent temple. No one 
of the miffionaries ever entered into this caftle; becaufe 
the people who have the care of it, have fuch a ferupu- 
lous veneration for the temple, that no perfon is permit- 
ted to enter it with his (hoes on ; and the miflionavies, 
unwilling to fhew fuch refpeft to their falfe deities, ne- 
ver entered it. 1 he author of this memoir, however, 
who a (fled as phyfician to the commandant, was of courfe 
admitted within the caftle, and got a fight of the cele- 
brated temple, which he declares that for magnificence 
he believes fuperior to every thing in Europe. 

Befides the magnificence of the temples, which then- 
cities and towns contain, there are many other rarities. 
At Cat’hmandu, on one fide of the royal garden, there 
is a large fountain, in which is one of their idols called 
Narayan. This idol is of blue ftone, crowned and 
fleeping on a mattrafs alf'o of the fame kind of ftone, 
and the idol and the mattrafs appear as floating upon 
the water. This ftone machine is very large, being 
about 18 or 20 feet long, and broad in proportion, but 
well w-orked, and in good repair. 

In a wall of the royal palace of Cat’hmandu, which 
is built upon the court before the palace, there is a great 
ftone of a fingle piece, which is about fifteen feet long, 
and four or five feet thick ; on the top of this great 
ftone there are four fquare holes at equal diftances from 
each other ; in the inlide of the wall they pour water 
into the holes; and in the court fide, each hole having 
a clofed canal, every perfon may draw water to drink. 
At the foot of the ftone is a large ladder, by which 
people afeend to drink ; but the curiofity of the ftone 
confifts in its being quite covered with charadters of dif- 
ferent languages cut upon it. Some lines contain the 
characters ot the language of the country, others the 
characters of Tibet, others Perlian, others Gvek, be- 
lides feveral others of different nations; and in the mid- 
dle there is a line of Roman characters, which appears 
in this form, AVTOMNEW INTER LHIVERT; 
but none of the inhabitants have any knowledge how 
they came there, nor do they know whether or not any 
European had ever been in Nepal before the miffiona- 
ries, who arrived there only the beginning of the pre- 
fent century. They are manifeftly two French names 
of feafons, with an Englifh word between them. 

There is alfo to the northward of the city of Cat’h- 
mandu a hill called Simbi, upon which are fome tombs 
of the Lamas of Tibet, and other people of high rank 
of the fame nation. The monuments are conftruCled 
after various forms : two or three of them are pyrami- 
dal, very high, and well ornamented; fo that they have 
a very good appearance, and may be feen at a confider- 
able dillance. Round thefe monuments are remarkable 
ftones covered with charaClers, which probably are the 
inferiptions of fome of the inhabitants of Tibet, whofe 
bones were interred there. The natives of Nepal not 
only look upon the hill as facred, but imagine it is 
proteCled by their idols ; and from this erroneous fup- 
pofition never think of flationing troops there for the 
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defence cf It, although it be a poll of great importance, 
and only at a fhort mile’s diftance from the city. Du- 
ring the hoftilities, however, which prevailed when our 
author was in the country, this facred hill was fortified 
by one of the armies, who, in digging their ditches 
among the tombs, found confiderable pieces of gold, 
with a quantity of which metal the corpfes of the gran- 
dees of Tibet are always interred. 

The kingdom of Nepal our author believes to be ve- 
ry ancient, becaufe it has always preferved its peculiar 
language and independence. It was completely ruined, 
however, about thirty or forty years ago by the diffen- 
fions of its nobles, who, on the death of their fovereign, 
and, as it would feem, the extinction of the royal line, 
could not agree in their choice of a proper fucceffor. 
The confequence was, that different fovereigns were fet 
up bv the nobles of different diflrifts ; and thefe waged 
war with each other, with a degree of treachery and 
favage atrocity that has hardly a parallel in the annals 
of the world. Even the Brahmens, whom we are ac- 
cuftomed to confider as a mild and innocent people, 
were, in the civil wars of Nepal, guilty of the meanefl 
and bafell villanies : they brought about treaties be- 
tween the rival fovereigns, and then encouraged him- 
whom they favoured, to maffacre the adherents of the 
other in cold blood. 

NEWTON (John), an eminent Englifh mathema- 
tician, was born at Oundle in Northamptonfhire, 1622. 
After a proper foundation at fchool, he was fent to 
Oxford, where he was entered a commoner of St Ed- 
mund’s Hall in 1637. Ele took the degree of bachelor 
of arts in 1641 ; and the year following was created 
mailer, among feveral gentlemen that belonged to the 
king and court, then reiiding in the univerfity. At 
which time, his genius being inclined to aftronomy and 
the mathematics, he applied himfelf diligently to thofe 
fcieuces, and made a great proficiency in them, which 
he found of fervice during the times of the ufurpation. 
After the refloration of Charles II. he reaped the fruits 
of his loyalty ; being created dodtpr of divinity at Ox- 
ford Sept. 1661, he was made one of the king’s chap- 
lains, a- d reCtor of Rofs in Herefordfhire, in the place 
of Mr John Toombes, ejedted for nonconformity. He 
held this living till his death, which happened at Rofs 
on Chriftmas-day 1678. Mr Wood gives him the cha- 
racter of a capricious and humourfome peifon : however 
that may be, his writings are fufficient monuments of 
his genius and Drill in the mathematics. Thefe are, 
1. djlroncmui Britannica, &c. in three parts, 1656, in 
qto. 2. Help to Calculation ; with Tables of Decli- 
nation, Afcenfion, &c. 1657? 4to. 3. Trigonometria 
Britannica, in two books, 1638, folio; one compofed 
by our author, and the other tranflated from the Latin 
of Elenry Gellibrand. 4. Chiliades centum Logarhhnw- 
rum, printed with, 3. Geometrical Trigonometry, 1659. 
6. Mathematical Elements, three parts, 1660, qto. 
7. A perpetual Diary or Almanack, 1662. 8. Defcrip- 
tion of the ufe of the Carpenter’s Rule, 1667. 9. E- 
phemerides, (hewing the Intereft and rate ot Money at 
6 per cent. See. 1667. 10. Chiliades centum Logarithm 
inorum, et 'Tabula Partium proportionalium, 1667. II. 
The Rule of Intereft, or the cafe of Decimal Frac- 
tions, &c. Part II. 1668, 8vo. 12. School Paftime for 
young Children, &c. 1669, 8vo. 13. Art of practical 
Gauging, &c. 1669. 14. Introdudiion to the Art of 

Rhetoric, 1671. 15. The Art of Natural Arithme- Nicole, 
tic, in whole Numbers, and Fractions Vulgar and De- 
cimal, 1671, 8vo. 16. The Englifh Academy, 1677, 
8vo. j 7. Cofrnography. 18. Introduction to Aftro- 
nomy. 19. Introduction to Geography, 1678, 8vo. *. *£;0iT 

NICOLE (Francis), a very celebrated French ma-new^edit. 
thematician, was born at Paris December 23. 1683. 
His early attachment to the mathematics induced M. 
Montmcrt to take the charge of his education ; and 
he opened out to him the way to the higher,geometry. 
He firft became publicly remarkable by detecting the 
fallacy of a pretended quadrature of the circle. This 
quadrature a M. Mathulon fo afturedly thought he had 
dilcovered, that he depofited, in the hands of a public 
notary at Lyons, the fum of 3000 livres, to be paid to 
any perfon who, in the judgment of the Academy of 
Sciences, fhould demonftrate the fallity of his folution. 
M. Nicole, piqued at this challenge, undertook the taftc, 
and expofing the paralogifrn, the Academy’s judgment 
was, that Nicole had plainly proved that the reCtilineal 
figure which Mathulon had given as equal to the circle, 
w'as not only unequal to it, but that it was even great- 
er than the polygon of 3 2 lides eircumfcribed about the 
circle. The prize of 3000 livres Nichole prefented to 
the public hofpital of Lyons. 

The Academy named Nicole, Eleve-Mechaniciany 
March 12. 1707; AdjunCt in 17 16, Affociate in 1718, 
and Penfioner in 1724; which he continued till his 
death, which happened the 18th of January 1758, at 
75 years of age. 

His woiks were all inferted in the different volumes* 
of the Memoirs of the Academy of Sciences ; and are 
as follow : 1. A General Method fol- determining the 
Nature of Curves formed by the Rolling of other Curves 
upon any Given Curve ; in the volume for the year 
1707. 2. A General Method for Rectifying all Rou- 
lets upon Right and Circular Bafes, 1708. 3. General 
Method of determining the Nature of thofe Curves 
which cut an Infinity of other Curves given in Polition, 
cutting them always in a Conftant Angle, 1715. 4. So- 
lution of a Problem propofed by M. de Lagny, 1716. 
5. Treatife of the Calculus of Finite Difterences, 1717. 
6. Second Part of the Calculus of Finite Difterences, 
1723. 7. Second SeCtion of ditto, 1723. 8. Addi- 
tion to the two foregoing papers, 1724. 9. New Pro- 
pofition in Elementary Geometry, 1725. 10. New So- 
lution of a Problem propofed to the Englifh Mathema- 
ticians, by the lateM. Leibnitz, 1725. 11. Method of 
Summing an Infinity of New Series, which are not fum- 
mable by any other known method, 1727. 12. Trea- 
tife of the Lines of the Third Order, or the Curves of 
the Second Kind, 1729. 13. Examination and Refo- 
lution of fome Queftions relating to Play, 1730. 14. 
Method of determining the Chances at Play. 15. Ob- 
fervations upon the Conic Seftions, 1731. 16. Man- 
ner of generating in a Solid Body all the Lines of the 
Third Order, 1731. 17. Manner of determining the 
Nature of Roulets formed upon the Convex Surface of 
a Sphere ; and of determining which are Geometric 
and which are Reftifiable, 1732. 18. Solution of a 
Problem in Geometry, 1732. 19. The Ufe of Series 
in refolving many Problems in the Inverfe Method of 
Tangents, 1737. 20. Obfervations on the Irreducible 
Cafe in Cubic Equations, 1738. 21. Obfervations up- 
on Cubic Equations, 1738.- 22. On the Trife&ion of 

an 



N I E [2 
iteuwLnd. an Angle, 1740* 23. On the Irreducible Cafe in Cu- 

vbic Equations, I741, 24' Addition to ditto, 1743. 
25. His Lafl Paper upon the fame, 1744. 26. Deter, 

•mination, by Incommenfurables and Decimals, the Va- 
lues of the Sides and Areas of the Series in a Double 
Progreffion of Regular Polygons, infcribed in and cir- 

HuHon's tumfcribed about a Circle, 1747 *. 
Milionary, NIEUWLAND (Peter), profelfor of mathematics 

and natural philofophy in the univerfity of Leyden, was 
torn at Diemermeer, a village near Amfterdam, on the 
5th of November, 1764. His father, by trade a car- 
penter, having a great fondnefs for books, and being 
tolerably well verted in the mathematics, inftru&ed his 
fon himfelf till he attained to his eleventh year. Young 
Nieuwland appears to have difplayed thong marks of 
genius at a very early period. When about the age of 
three, his mother put into his hand fome prints, which 
had fifty verfes at the botom of them by way of expla- 
nation. Thefe verfes the read aloud, without any in- 
tention that her ton fliould learn them ; and the was 
much furprited fome time after to hear him repeat the 
whole from memory, with the utmotl corredhiefs, on 
being only thewn the prints. 

Before he was fev^n years of age he had read more 
than fifty different books, and in fuch a manner that he 
could frequently repeat patfages from them both in profe 
and in verfe. When about the age of eight, Mr Aeneae 
at Amtlerdam, one of the greateft calculators of the 
age, afked him if he could tell the folid contents of a 
wooden llatue of Mercury which flood upon a piece of 
clock-work. “ Yes (replied young Nieuwland), pro- 
vided you give me a bit of the fame wood of which the 
flatue was made ; for I will Cut a cubic inch out of it, 
and then compare it with the flatue.” Poems which 
(fays his eulogift) difplay the utmofl livelinefs of ima- 
gination, and which he compofed in his tenth year, 
while walking or amufing himfelf near his father’s houfe, 
were received with admiration, and inferted in different 
poetical colleClions. 

Such an uncommon genius mull foon burfl through 
thofe obflacles which confine it. Bernardus and Jeroni- 
mo de Bofch, two of the firll and vvealthiefl men at 
Amfterdam, became young Nieuwdands benefa&ors, 
and contributed very much to call forth his latent ta- 
lents. He was taken into the houfe of the former in 
his eleventh year, and he received daily inflruAion from 
the latter for the fpace of four years. While in this 
fituation he made confiderable progrefs in the Latin and 
Greek languages, and he ftudied philofophy and the 
mathematics under Wyttenbach. In the year 17^3 he 
tranflated the two differtations of his celebrated inflruc- 
tors, Wyttenbach and de Bofch, on the opinions which 
the ancients entertained of the flate of the foul after 
death, which had gained the prize of the Teylerian theo- 
logical fociety. 

From the month of September 1784 to 1785, Nieuw- 
land refided at Leyden as a Undent in the univerfity, 
and afterw-ards applied with great diligence, at Amlter- 
dam, to natural philofophy and every branch of the 
mathematics, under the diredlion of Profeffor Van Swin- 
den. He had fcarcely begun to turn his attention to 
chemiflry, when he made himfelf mafter of the theory 
of the much lamented Lavoilier, and could apply it to 
every phenomenon. He could read a work through 
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with uncommon quicknefs, and yet retain in his mind Nieuwland 
the principal part of its contents. -v 

Nieuwland's attention was dire died to three principal 
purfuits, which are feldom united; poetry, the pure ma- 
thematics, and natural philofophy. In the latter part of 
his life he added to thefe alio altronomy. Among the 
poems which he publifhed, his Orion alone has rendered 
his name immortal in Holland. Of the fmall effays which 
he publifhed in his youth, the two following are parti- 
cularly deferving of notice : 1. A comparative View of 
the Value of the different Branches of Science ; and, 2. 
The beft Means to render general, not learning, but 
Soundnefs of Judgment and Good Talte. 

One of his great objedls was to bring the pure ma- 
thematics nearer to perfedlion, to clear up and connedl 
their different parts, and in particular to apply them to 
natural philofophy and aftronomy. Cornelius Douwes 
difcovered an eafy method of determining the latitude 
of a place at fea, not by the meridian altitude of the 
fun, but by two obfervations made at any other period 
of the day- This method, however, being flill imper- 
fect, Nieuwland turned his thoughts towards the im- 
provement of it, and in the beginning of the year 1789 
wrote a paper ory the fubjeiff, which he tranfmitted to 
M. de Lalande at Paris, from whom it met with great 
approbation. In the year 1792, when Nieuwland re- 
fided two months at Gotha with Major Von Zach, thefe 
two learned men often converfed on this method of 
finding the latitude, and calculated the refult of obfer- 
vations which they had made with a fextant and an ar- 
tificial horizon. 1 he above paper, enlarged by thefe 
obfervations, was inferted by Major Von Zach with 
Nieuwland’s name in the firft Supplement to Bode’s 
Altronomical Almanack, Berlin, 1793. 

This, however, was not the only fcrvice which Nieuw- 
land endeavoured to render to aftronomy. It had been 
obferved by Newton, Euler, De la Place, and others, 
that the axes of the planets do not Hand perpendicular, 
but inclined, to the plane of their orbits ; and Du Se- 
jour, in his analytical trcatife on the apparent motion 
of the heavenly bodies, co-niiders it as highly probable 
that this phenomenon depends on fome phyjical caufe ; 
which, however, he does not venture to affign. Nieuw- 
land proceeded farther, and laid down principles, from 
which he drew this conclufion, that the above pheno- 
menon is intimately connected with the whole fyilem 
of attrattion. On thefe principles he made calculations, 
the refult of which wras exadlly equal to the angle of 
the inclination of the earth’s axis to the plane of its 
orbit. Nieuwland communicated his difcovery w’ith 
much modefty to the celebrated Profelfor Damen at 
Leyden, w'ho propofed fome objections to it which dif- 
couraged Nieuwland, and induced him to revife his cal- 
culations with more accuracy. Major Von Zach tranf- 
mitted the paper which contained them to M. De la 
Place at Paris, and caufed it to be printed alfo, for the 
opinion of the learned, in the Supplement to Profeffor 
Bode’s Altronomical Almanack for the year 1793. 

The writer of this article is-not acquainted either 
with the principles w'hich this young altronomer af- 
fumed, or with the calculations which he made from 
them ; but if he holds gravitation to be effential to mat- 
ter, and the inclination of the axes of the planets to be 
the neceffary refult of the law of gravitation, he is un- 
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Nieuwland.doubtedly in an error. The axes of the planets are not 
 all equally inclined, nor does the inclination vary in ex- 

aft proportion to the fquares of the diftances. 
Nieuwland’s talents and diligence loon recommended 

him to the notice of his country. In his twenty-fecond 
year, he v/as appointed a member of the commiffion 
chofen by the College of Admiralty at Amfterdam for 
determining the longitude and improving marine charts. 
On this labour he was employed eight years, and un-» 
dertook alfo to prepare a nautical almanack, and to cal- 
culate the neceffary tables. The mathematical part was 
in general entrufted to Nieuwland ; but he affilted alfo 
his two colleagues van Swinden and van Keulen, in the 
departments afligned to them, with Inch affiduity, that 
molt of the work publilhed on the longitude, together 
with the three additional parts, were the fruits of his 
labour. In the fecond edition of the explanation of 
the nautical almanack, he had alfo the principal lhare; 
and he was the author, in particular, of the explanation 
of the equation of time, the method of determining the 
going cf a time piece, and of calculating the declination 
of the moon. 

Soon after Nieuwland engaged in this employment, 
it appeared as if his dtftination was about to be chan-, 
ged. In the year 1787, he was chofen by the States 
of Utrecht to fucceed Pioi'efTor Hennert ; but on ac- 
count of certain circumftances this appointment did not 
take place. He was, however, invited to Amfterdam 
by the magiftrates of that city, to give leftures on ma- 
thematics, aftronomy, and navigation. While in this 
fituation, he wrote his ufeful and excellent treatife on 
navigation, the firft part of which was publilhed at Am- 
fterdam in 1793* by George Hull! van Keulen ; and it 
is much to be wilhed that M. van Swinden would com- 
plete this work from the papers bequeathed to him by 
his deceafed friend the author. 

In aftrcnomical purfuits, Nieuwland applied not only 
to the theoretical, but alfo to the praftical part; and in 
this ftudy he was encouraged and afiifted by Major von 
Zach, with whom he reftded fome time in the courfe of 
the year 17^2, and who inftrufted him in the proper 
ufe of the fextant. This affeftionate friend publilhed 
alfo all his obfervations and calculations in the before- 
mentioned Supplement to Bode’s Aftronomical Al- 
manack. 

In the year 1789, Nieuwland was chofen member of 
a learned fociety whofe objeft was chemical experi- 
ments ; and fo apt was his genius for acquiring know- 
ledge, that in a little time he made himfelf completely 
mailer of the theory of chemiftry. A proof of this is 
the treatife which he read on the 24th of May 1791, 
in the fociety, diftinguilhed by the motto of Felix Me- 
rits, and which has been printed in the firft part of the 
New General Magazine (Nievu Algemeen Magaxyn). 
At the fame time he was able to examine the important 
difeoveries made by the fociety, to affilt in preparing 
an account of them for the prefs, and to publifh them 
with fufticient accuracy in the French language. Three 
parts of this w'ork appeared under the title of Re~ 
eherches Phyfico-chymiques. The firft part appeared in 
179?, and was afterwards reprinted in the journal de 
Phyjique. The fecond was publilhed in 1793? and the 
fourth in 1794. Some letters of his on chemiftry may 
be found alio in a periodical work called The Mejfenger 
( Letterbode)* 

This ingenious and diligent man was of great fervice Nieuwland, 
alfo in the philofophical department to the above fo- ‘'““v—w* 
ciety, Felix Mentis, of which he had been chofen a ti- 
tular member on the 15th of January 1788, and an ho- 
norary member on the 15th of March 1791. The pa- 
pers for which it was indebted to him are as follows :— 
1. On the Newell Difeoveries in Aftronomy, and the 
Progrefs lately made in that Science, 1788. This is 
an extraft from a Latin oration which he intended to 
deliver at Utrecht when he expefted to fucceed Pro- 
feflbr Hennert.—2. On the’Figure of the Earth, 1798. 
—3. On the Courfe of Comets, and the Uncertainty 
of the Return of the Comet now Expefted, 1790.— 
4. On the Nature of the Mathematics. The principal 
objeft of this paper was to illuftrate the idea, that the 
mathematics may be confidered as a beautiful and per- 
feft language.—5. On the Periodical Decreafe or In- 
creafe in the Light of Certain Fixed Stars, and Parti- 
cularly of the Star Algol, 1790.— 6. On the Solution 
of Spherical Trigonometry by Means of a New Inftru- 
ment Invented by Le Guin, 1791. M. le Guin ha- 
ving tranfmitted to the College of Admiralty at Am- 
fterdam an inftrument which might be ufed with great 
advantage in trigonometrical operations, and by which, 
in calculating the longitude, one could deduce the real 
from the apparent diftance, the admiralty charged 
Nieuwland to examine this inftrument ; and he found 
that it might be of excellent fervice for the above pur- 
pofe.—7. On the Relative Value or Importance of the 
Sciences, 1791.—8. On the Syftem of Lavoifier, 1792. 
— 9. On the Selenotopographia of Schroder, 1793.—. 
10. On what is Commonly Called Cultivation, Inftruc- 
tion, or Enlightening, 1793. 

Nieuwland had applied clofely to the mathematics, 
aftronomy, and navigation, for fix years ; during which 
time he made confiderable improvements in nautical 
charts, and filled up his vacant hours with the ftudy of 
philofophy and chemiftry. In the month of July 1793 
he was invited to the univerfity of Leyden, to be pro- 
feflbr of philofophy, aftronomy, and the higher mathe- 
matics, in the room of the celebrated Damen ; and the 
admiralty of Amfterdam requefted him to continue his 
nautical refearches, which he did with great afliduity 
till the period of his death. The only variation which 
he now made in his ftudies related to natural philofo- 
phy, for with the mathematics he was already fuflicient- 
ly acquainted. He applied therefore to the experi- 
mental part, and fpared no pains nor labour to become 
perfeft in it •, which w'ould certainly have been the cafe, 
had he not been Hatched from fcience and his friends 
at the early age of thirty. He died of an inflammation 
in his throat, accompanied with a fever, on the 13th of 
November 1794. 

In his external appearance, Nieuwland w'-as not what 
might be called handfome, nor had he ever been at 
pains to acquire that eafe of deportment which diftin- 
guilhes thofe who have frequented polite company. His 
behaviour and converfation were however agreeable, be- 
caule he could difeourfe wfith facility on fo many fub- 
jefts, and never wifhed to appear but under his real 
charafter. On the firft view one might have difeerned 
that he was a man of great modefty and the ftrifteft 
morality. His father was a Lutheran, and his mother 
a baptift ; but he himfelf was a member of what is called 
the reformed church, i. e. a Calvinift, and always Ihew- 

ed 
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Nig^r. ed the utmoft refpeil for the Supreme Being both by 

his words and his atdions. 
NIGER, a large river in Africa, of which many er- 

roneous accounts have been publifhed, and among them 
that which we have given in the Encyclopedia Britan- 
nica. By Herodotus, Pliny, Ptolemy, and other an- 
cient authors, it is uniformly faid to flow from ivejl to 
cnjl, dividing Africa as the Danube divides Europe ; 
and from the report of the Africans, the fiift of thefe 
authors calls it a large river abounding with crocodiles. 
In the twelfth century, however, Edrifi defcribes the 
Niger, which he calls the Nile of the negroes, as run- 
ning from eajl to wa/?, and falling into the Atlantic 
Ocean ; and his account was univerfally adopted by fub- 
fequent writers, till its faliehood was difcovered by the 
African Aflbciation. From a number of concurring 
reports, Major Houghton was led to believe that the 
courfe of the Niger is from wejl to eafly according to 
the moll ancient account ; and the truth of thefe re- 
ports has been eftablifhed beyond all controverfy by Mr 
Park, who faw the Niger himfelf, and adlually accom- 
panied it for many miles in its majellic courle as laid 
down by Herodotus. 

This river rifes in or near the country of Manding 
(which fee in this Supplement)., between the parallels of 
10 and II degrees of north latitude, and between the 
5th and 9th degree of weft longitude, which compre- 
hends a ""fpace the moft elevated of ail this portion of 
Africa. This is evident from the oppolite courfes of 
the three great rivers which rife in it. Thefe are the 
Gambia, which runs to the weft north-weft; the Senegal, 
which runs to the north-weft; and the Joilba (a), or 
Niger, running to the eaft north-eaft. The head ot the 
principal branch of the Senegal river is about 80 geo- 
graphical miles to the weft of that of the Niger; and 
the head of the Gambia is again about 100 miles weft 
of the Senegal. 

Mr Park traced the Niger to Silla, a confiderable 
town about 420 miles from its fource ; and it was there 
larger than the Thames at Weftmintter. But 420 
miles are but a very fmall part of the courfe of the 
Niger, which doubtlefs receives many tributary ftreams 
before it reach Calliana, 700 miles farther eaftward, 
where there is every reafon to believe that it was view- 
ed by the ancient Romans. Our traveller colledfted at 
Silla what information he could from the Moorifti and 
Negro traders concerning the further courfe of this ma- 
jeftic ftream, as well as of the kingdoms through which 
it runs; and the following notices he believes to be au 
authentic : 

Two fhort days journey to the eaftward of Silla, is 
the town of Jenne, which is fituated on a fmall illand 
in the river ; and is faid to contain a greater number of 
inhabitants than Sego itfelf, or any other town in Bam- 
barra. (See Sego, Suppl.) At the dillance of two 
days more, the river fpreads into a confiderable lake, 
called Dibble (or the dark lake); concerning the extent 
of which, all the information which our author could 
obtain was, that in crofting it, from weft to eaft, the 
canoes lofe fight of land one whole day. From this 
lake, the water iflues in many different ftreams, which 
terminate in two large branches, one whereof flows to- 

wards the north-eaft, and the other to the eaft ; but N!?er, 
thefe branches join at Kabra, which is one day’s jour- 
ney to the fouthward of Tumbuftoo, and is the port v~~ 
or fhipping-place of that city. The tra£l of land which 
the two ftreams encircle, is called Jinbala, and is inha- 
bited by negroes; and the whole diftance, by land, from 
Jenne to Tumbinftoo, is twelve days journey. 

From Kabra, at the diftance of eleven days journey, 
down the ftream, the river paffes to the fouthward of 
Houffa, which is two days journey diftant from the 
river. Of the further progrefs of this great river, and 
its final exit, all the natives with whom Mi Park con- 
verfed feemed to be entirely ignorant. Tneir com- 
mercial purfuits feldom induce them to travel further 
than the cities of Tombudtoo and Houffa; and as the 
foie objedl of thofe journeys is the acquirement of 
wealth, they pay but little attention to the courfe of 
rivers, or the geography of countries. It is, however, 
highly probable that the Nigre affords a fafe and eafy 
communication between very remote nations. All our 
author’s informants agreed, that many ot the negro 
merchants who arrive at Tumbuftoo and Houffa, from 
the eaftward, fpeak a different language from that of 
Bambara, or any other kingdom with which they are 
acquainted. But even thefe merchants, it would feem, 
are ignorant of the termination of the river ; for fuel) of 
them as can fpeak Arabic, deferibe the amazing length 
of its courfe in very general terms, faying only, that 
they believe it runs to the world's end. 

Major Rennel, by comparing a great many accounts 
of the progrefs of this river beyond Houffa, with the 
idea which prevails in that city of its termination, has 
fhewn it to be in a very high degree probable, that the 
waters of the Niger have no direift communication wdth 
the fea, but that they are fpread out into a great lake 
in Wangara and Ghana, and evaporated by the heat of 
the fun. See Wangara in this Supplement. 

NILE, the name of a celebrated river, which, as it 
has been deferibed in the Encyclopedia^ fhould not have 
been introduced into this place, did we not think our- 
felves bound candidly to confefs that, in our opinion, 
its fources, at leaft thofe fources which were the objedls 
of ancient curiofity, have never yet been feen by any 
European. This feems to be proved, beyond the pof- 
fibility of controverfy, by Major Rennel in the Appen- 
dix to Mr Park’s Travels, and by Mr Browne in his 
account of the Bnhr el-abtad, and Dar-iur or Soudan* 
See Soudan in this Supplement. 

Mr Bruce himfelf acknowledges that the Nile, which 
waters Egypt, is the confluence of two ftreams, and 
that the weftern ftream, which he, with others, calls 
Bahr-el abiad, or the white rivery is the largeft of the 
two. Were a man therefore to travel from Cairo up 
the banks of the Nile in quell of its fource, he would, 
doubtlefs, when he fhould arrive at the divifion of the 
river into two channels, continue his journey up the 
greater of thefe ; for what could induce him to turn 
aiide with the lefs ? Not the name ; for neither the lefs 
nor the greater has by itfelf the name which, in Egypt, 
is given to both when united. The former, which un- 
doubtedly has its fource in Abyfiinia, is there called 
the Abay or Abavi; and, in other countries through, 

whick 

(a) This is the negro name of the river, and fignifies the great water. 
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Nile which it runs, the Bahr el-Afrek ; the latter is, from 

Niniigras. ^ts fource j^g junction with the Abay, called the 
v Bahr-el-abiad. Pliny believed that the Nile came .from 

the welt ; and Ptolemy fays exprefsly that its remote 
fource is in the mountains of the moon. But this Nile 
mutt be the White River, which certainly rife$ to the 
vvettward of Abyflioia, and, according to Abulfeda, in 
the mountains of Komri or Kummeri ; which, in Ara- 
bic, fignifies lunar, being the adjective of Rummer, the 
moon. 

In perfect conformity with this ancient account of 
the fource of the Nile, Mr Ledyard was told at Cairo 
by certain perfons from Dar-Fur, that this celebrated 
river has its coy fountains in their country, at the dittance 
of 55 days journey to the weftward of Senaar, which 
brings them to the Komri mountains of Abulfeda, who, 
as well as Ptolemy and Edrili, places the head of the 
Nile in a quarter far removed from Abyffinia. Ptolemy 
has indeed mentioned both branches ; and while he de- 
fcribes the eaftern in fuch a way as that it cannot be ta- 
ken for any other than the Abyllinian branch, or the 
Nile of Bruce and the Portuguefe Jefuits, fpeaks of a 
larger branch flowing from a more dittant fource, fitua- 

* ted to the fouth weft. But this can be no other than 
Bruce’s white river, the Bahr-el-all ad of Ledyard and 
Browne. It is true, there is an apparent difference in 
the account given by thefe two laft mentioired travellers 
of the country in which the Bahr-el-abiad rifes ; but it 
is a difference only apparent. Ledyard was told at 
Cairo that it rifes in Dar-Fur ; Mr Browne, who re- 
ded long in Dar-Fur, was there told, that the fources 
of the river are near to a place called Donga, the reli- 
dence of the chief or king of an idolatrous nation to 
the fouthward of Dar-Fur. It is to be obferved, how- 
ever, that the flave-merchants who trade between Don- 
ga and Cairo are always attached to the Soudan or Dar- 
Fur caravan ; and that therefore the perfons who told 
Ledyard that the Nile rifes in their country were pro- 
bably from Donga, though he took them for Furians 
from the name of their caravan. Mr Browne informs 
us that the country about Donga is very mountainous, 
and that in the 'fpot where the river rifes there are faid 
to be forty diftinft hills, which are called Kumri. From 
them iffues a great number of fpringg, that, uniting in- 
to one great channel, form the Bahr-el-abiad, which 
fuffers the fame periodical increafe and diminution as 
the Nile in Egypt. The people of Donga are quite 
naked, black, and, as we have already obferved, idola- 
ters. Major Rennel places the mountains of the moon 
between 50 40' and 8° 10' N. Lat. and between 240 

30' and 30° 25' E. Long. Their latitude and longi- 
tude, as laid down by Mr Browne, are fomewhat, tho’ 
very little, different; whilft Geefh, the fource of Bruce’s 
Nile, lies between the 10th and 1 i th degree of N. Lat. 
and in about the 37th degree of E. Long. 

NIM1QUAS, a nation, or, more properly, two 
tribes in South Africa, called by Vaillant the Ac/} and 
Greater Nimiquas. 

The country of the Lefs Nimiquas extends in longi- 
tude from the mountains of Carnis to the fea on the 
wett, r. e. from 130 25' to 180 25' eaft from London, 
and in latude from 28° 12' to 29° 36 fouth. From 
the information which our author could colleft, he 
thinks that the number of inhabitants throughout the 
whole of this tradl dues not exceed 6000 fouls. Even 
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this number is annually diminifhed by the frequent at- Nimlq-mc 
tacks of Boflnnen, and the aridity of the foil. Of the —v——' 
BofHMEN we have already given fuch an account as 
can leave no doubt of the deftru&ive nature of their in- 
curfions ; and the foil mutt be arid indeed, if it be true, 
as Vaillaut affures us, that in the country of the Lefs 
Nimiquas rain never falls except when it thunders, and 
that thunder is fo rare as frequently not to be heard for 
the fpace of a whole year. 

For this want of rain our author accounts in a fatis- 
fadlory manner: “ The country (he fays) having nei- 
ther forefts nor lofty mountains to arreft the clouds, 
thofe which come from the north pafs freely over it, and 
proceed on to Camis, where they burft and fall, either 
in rain in the valleys, or in fnow on the fummits of 
thefe mountains, which are the loftieft throughout the 
fouth of Africa ” The country is of courfe not fruit- 
ful, and its fterility obliges the inhabitants frequently 
to change their refidence, fo that they are the moil wan- 
dering of all the Hottentot tribes. In this barren re- 
gion the Dutch colonitts fuppofe that gold mines may 
be found ; but our author difeovered among the hordes 
no traces of tin's metal, though he found many indica- 
tions of rich copper mines. 

The Lefs Nimiquas, though of a tolerable ffature, 
are not fo tall as their neighbours to the eaftward ; and 
indeed Vaillant affirms, that the people to the eaft in 
the fouthern part of Africa are much fuperior to thofe 
of the wett both in moral and phyficai qualities, while 
the animals are far inferior. The Lefs Nimiquas are 
great believers in witchcraft ; and our author gives a 
ridiculous account of an interview that he had with an 
old witch named Kahoes, who had a complete afeen- 
dency, not only over the whole horde, but alfo over the 
favage Bolhmen. Thefe robbers, he fays, never at- 
tempted to plunder the territory where (he took up her 
reiidence ; and Are has been known, when their thefts 
came to her knowledge, to jiroceed alone, and unguard- 
ed, to their retreats in the midft of the woods, to threat- 
en them with her vengeance, and thus compel them to 
a reftitution of the ftolen property. All her influence, 
however, over her own tribe, could procure for our au- 
thor and his attendants only fix flieep. 

The women of the horde received his Hottentots 
with great kindnefs; and petmitted them to difeover 
very lingular charms, of which it is needlefs here to in- 
lert a defeription. Among this people he law abun- 
dance of bracelets, necklaces, and ear-rings of copper ; 
and fome of thefe ornaments were lo well made and 
finely polifhed, that they mutt have been manufa&ured 
in Europe, and the fruits of an intercourfe with the 
whites. But he faw feveral others, which, from their 
grotefque fliape and rude workmanfhip, evidently mewed 
that they were fabricated by the favages themfelves. 

“ Thefe ornaments (fays he) are w'orn by the Nimi- 
quas in the fame manner as by the other favages ; yet 
1 obferved among them fome whimfical peculiarities. I 
have feen perfons with fix ear-rings of the fame fhape' 
in one ear, and none in the other : I have feen fome 
with bracelets from the wnft to the elbow on one arm, 
while the other arm was bare: I have feen others with 
one fide of the face painted in compartments of various 
colours, while on the other fide both the colours and 
figures were different. In general, I obferved great 
propenfity to ornaments among the Lefs Nimiquas ; 
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'Jfmlqua?*' for their krofles and all their garments were plentifully 
-l v 1 covered with glals and copper beads, ftrung on threads, 

and fattened on every part of their drefs. They even 
wore them in their hair, which was plaftered with 
greafe in the moft difgufting manner. Many had their 
heads covered with a reddifh incruftation, compofed of 
greafe and a powder refembling brick-dutt, with which 
their hair was fo patted together, that you would have 
fworn it to be a cap of red mortar. Thofe who had it 
in their power to difplay*this luxury of drefs, were as 
proud as are our petits-maitres, when they can fliake a 
head loaded with powder, perfume, and pomatum. The 
nuyp-kros, or ttiort apron, of the women, was adorned 
with rows of glafs-beads hanging down to their feet ; 
in other refpefts they were dreffed like the other Hot- 
tentots.” 

The country of the Greater Nimiquas is placed by 
the author in nearly the fame longitude with that of the 
Lefs, and between 250 and 28Q fouth latitude. It is 
barren like the other ; but the people are much taller, 
being generally about five feet ten inches high. The 
men are dull and ftupid, but the women are lively and 
extremely amorous ; and both men and women are com- 
paratively handfome and of a flender make. Extrava- 
gantly addiAed to fmoking tobacco, the youg girls 
bartered their favours for a fingle pipe ; and as Vail- 
lant was chief of the caravan, a white, and pofiettor of 
tobacco of much better quality* many advances were 
made to him. “ I have no doubt (fays he) but I 
might have formed, for a few pipefuls only, an alliance 
with every family in the horde. I was even pretted fo 
cloftly, as to be obliged to employ fome refiftance : 
but, at the fame time, I mutt eonfefs, that my refufak 
were given in fuch a way as not to offend ; and they 
who, in confequence of their advances, had been expo- 
fed to them, having foort found other arrangements to 
make, did not (hew me the lefs friendfitip. I mutt here 
add, that the girls alone appeared to me thus free ; 
while the married women on the contrary were modeii 
and referved. This is a charadterittic difference, which 
dittinguiihes the Greater Nimiquas from the Hottentot 
people in general ; as likewife does the low cringing 
air they affume when they have any thing to aik.” 

It has been faid by Kolben, that the Nimiqua wo- 
men, wdien they bear twins, deitroy one of the infants ; 
but Vaillant affures us that this is a falfehood, as is like- 
wife another tale which is current in the colony. It 
has been faid that the fathers, to (how what affedlion 
they bear their children, feed their eldeit in a particu- 
lar manner, as being of right the firtt objedt of paternal 
care. For tin’s purpofe they put him in a coop as it 
were ; that is, they ttiut him up in a trench made un- 
der their hut, where, being deprived of motion, he lofes 
little by perfpiration, while they feed and cram him in 
a manner with milk and greafe. By degrees the child 
fattens and gets as round as a barrel; and when he is 
come to fuch a ttate as not to be able to walk, but to 
bend under his own weight, the parents exhibit him to 
the admiration of the horde ; who from that period 
conceive more or lefs efteem and confideration for the 
family, according as the montter has acquired more or 
lefs rotundity. 

Such was the account given to our author by a man 
who affirmed that he had been an eye-vvitnefs of this 
mode of cramming the heir-apparent ; but whenever 
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any queftions were aiked on the fubjeft of the Nimi- Niau'quaj- 
quas themfelves, the perfons addreffed were ready to I'., 
laugh in our author’s face. “ Still (fays he), as it ap- ■ iz^iu"i 
peared ftrange to me, that a man ffionld talk of what 
he had feen, when he had in reality feen nothing ; as 
it was poffible that the fable might have fome founda- 
tion, without being true in all particulars — I was wil- 
ling to convince myfelf what could have given rife to it ; 
and every time I viiited a horde, I took care, under 
different pretences, to examine, one after another, all 
the huts of the kraal, and to afk which was the eldett 
child of the family : but I nowhere faw any thing that 
indicated either this pretended coop, or this pretended 
cramming.” 

The Nimiquas are great cowards ; yet, like the fur- 
rounding nations, they have their affagays and poifoned 
arrows ; and, like them, can handle thefe arms with 
dexterity. They poffefs alfo thofe war oxen, fo for- 
midable in battle, and fo favourable to the cowardice 
or inaittivity of the combatants. They have even a pe- 
culiar implement of war, which their neighbours have 
not. This is a large buckler, of the height of the per- 
fon who bears it, behind which the Nimiqua can com- 
pletely conceal himfelf. But, befide that his natural 
apathy prevents him from giving or taking offence, he 
is in reality pufillanimous and cowardly from the colj- 
nefs of his difpofition. To utter only the name of 
Houzouana before him is fufficient to make him trem- 
ble. See Houzouanas in this Suppl. 

Notwithftanding his frigidity, the Nimiqua is not in- 
fenfible to pleafure. He even feeks with avidity thofe 
which, acquiring but little exertion, are capable of agi- 
tating him and procuring agreeable fenfations. Their 
mufical inttruments are the fame as thofe of the other 
Hottentots ; but their dancing is very different, and 
refembles the temper of the nation. If the counte- 
nance have received from nature features that can ex- 
prefs our paffions, the body alfo has its attitudes and 
movements that paint our temper and feelings. The 
dance of the Mimiqua is frigid like himfelf, and fo de- 
void of grace and hilarity, that, were it not for the ex- 
treme gaiety of the women, it might be called the. dance, 
of the dead. 

Thefe tortoifes, to whom dancing is a fatigue, fhew 
little eagernefs for any thing but wagers, games of cal- 
culation and chance, and all the fedentary amufements 
which require patience and refie&ion, of which they 
are more capable than they are of motion. When our 
author, with great propriety, prohibited gaming in Ifis 
camp, the Nimiquas* who had ttaid long with him, 
took their departure. 

NITTA, a fpecies of the Mimosa, which flourifhes 
on the banks of the Senegal in Africa. It is valuable 
to the inhabitants for its fruit, the pods of which are 
long and narrow, containing a few black feeds envelo- 
ped in a fine mealy powder, of a bright yellow colour, 
which refembles the Hour of fulphur, and has a fweet 
mucilaginous tafte. When eaten by itfelf it is clammy ; 
but when mixed with milk or water, it conttitutes a 
very pleafant and nouriffiing food, fupplying the place 
of corn to the negroes.—Park’s Travels. 

NIZOLIUS (Marius), a grammarian of Italy, who 
by his wit and erudition contributed much to the pro- 
motion of letters in the ifth century. He publifhed, 
in 1553, Lib. 4. De veris Princip'us et vera Rations 

pbilojo* 
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No&urrnt. phtlofophandly contra Pfeudo philofophas- In this work 
' he attacks, with much vivacity, the fchoolmen, not on- 

ly for the barbarifm of their terms, but for many ridi- 
culous opinions which they held. Leibnitz was fo 
ftruck with its folidity and elegance, that, to expofe 
the obltinacy of thofe who were zealoufly attached to 
Ariftotle, he gave a new editioti of it, with critical 
notes of his own, 1670, in 410. Nizolius publifhed al- 
fo ‘Thefaunts Ciceronianus, five Apparatus Lingua La- 
tina e Scriptis Tullii Ciceronis colledus, in folio. This 
is a good Latin di6tionary, compofed of the words and 
expreffions of Cicero ; to which, it feems, Nizolius 
Ihewed as much bigotry as the fchoolmen to their no- 
tions ; and fell under the charafter of thofe pedants 
whom Erafmus has ridiculed in his Ciceronianus. We 
do not find the year either of his birth or death. 

NOCTURNAL arch, is the arch of a circle de- 
fcribed by the fun, or a liar, in the night. 

Biog. Dic- 
tionary. 

mal 
li 

Nuei. 

1 N U E 
NONAGESIMAL, or NonaGesimal Degree, cal Nonaoefi. 

led alfo the Mid heaven, is the higheft point, or 90th 
degree of the ecliptic, reckoned from its interfedtion 
with the horizon at any time ; and its altitude is equal 
to the angle that the ecliptic makes with the horizon 
at their interfection, or equal to the dillance of the ze- 
nith from the pole of the ecliptic. It is much ufed in 
the calculation of folar eclipfes. 

NONAGON, a figure having nine fides and angles. 
In a regular nonagon, or tlfit whofe angles and fides 
are all equal, if each fide be 1, its area will be 6.1 8 i 8242 
= ! of the tangent of 70°, to the radius 1. 

NORMAL, is ufed fometimes for a perpendicu- 
lar. 

NULL, or Newel, the upright poll about which 
flairs turn, being that part of the llaircafe which fuf- 
tains one end of the Heps. 

O. 

Oafis /"AASIS (plur. Oases), a fertile fpot in the midft of 
a fand defart. In the Sahara, or Great Defart 

of Africa, there are many Oafes of exreme fertility. 
OBLATE, flatted or Ihortened ; as an oblate fphe- 

roid, having its axis Ihorter than its middle diameter; 
being formed by the rotation of an ellipfe about the 
Ihorter axis. 

OBLIQUE ascension, is that point of the equi- 
nodtial which rifes with the centre of the fun, or liar, 
or any other point of the heavens, in an oblique 
fphere. 

Obliqvs Circle, in the llereographic projedlion, is any 
circle that is oblique to the plane of projedlion. 

ObliSjjb Defccnfion, that point of the equinodlial 
which fets with the centre of the fun, or liar, or other 
point of the heavens, in an oblique fphere. 

Oblige Force, or PercuJJion, or Power, or Stroke, 
is that made in a direction oblique to a body or plane. 
It is demonllrated, that the effedl of fuch oblique force, 
&c. upon the body, is to an equal perpendicular one, 
as the fine of the angle of incidence is to radius. 

OBLONG spheroid, is that which is formed by 
an ellipfe revolved about its longer or tranfvede axis; 
in contradiction from the oblate fpheroid, or that 
which is flatted at its poles, being generated by the re- 
volution of the ellipfe about its conjugate or fhorter 
axis. 

OBSERVATORY, portable. See Astrono- 
my, n° 504, Encycl. 

OCCIDENT equinoctial, that point of the ho- 
rizon where the fun fets, when he crofl'es the equinoc- 
tial, or enters the fign Aries or Libra. 

Occident EJlival, that point of the horizon where 
the fun fets at his entrance into the fign Cancer, or in 
our fummer when the days are longeft. 

Occident Hybernal, that point of the horizon where 

the fun fets at midwinter, when entering the fign Ca- 0^ant 

PrJcorn- Odour. 
OCTANT, the eighth part of a circle. y— 
ODD, in arithmetic, is faid of a number that is not 

even. The feries of odd numbers is 1, 3, 5, 7, &c. 
ODDLY-odd. A number is faid to be oddly odd, 

when an odd number meafures it by an odd number. 
So 15 is a number oddly odd, becaufe the odd number 
3 meafures it by the odd number 5. 

ODOUR, that quality of certain bodies which ex- 
cites the fenfation of fmell. In the Annales de Chimie, 
Vol. XXI. p. 254, we have a detailed account of cer- 
tain experiments made by M. Benedict Prevoft of Ge- 
neva, with a view to render the emanations of odorant 
bodies perceptible to fight. The account is by much too 
long for a work like ours ; efpecially as we feel not our- 
felves inclined to attribute to the experiments all the 
importance which feems to have been allowed to them 
by the firil clafs of the French National Inditute. We 
fiiall therefore Hate only a few of them, which feem 
moll to favour the author’s hypothefis. 

1. A concrete odorant fubftance, laid upon a w^ei 
glafs or broad faucer covered with a thin llratum of 
water, immediately caufes the water to recede, fo as to 
form a Ipace of feveral inches around it. 

2. Fragments of concrete odorant matter, or fmall 
morfels of paper or cork, impregnated with an odorant 
liquor, and wiped, being placed on the furface of wa- 
ter, are immediately moved by a very fwift rotation. 
Romieu had made this obfervation on camphor, and er- 
roneoufly attributed the effedl to eledlricity. The mo- 
tion was perceptible even in pieces of camphor of feven 
or eight gros. 

3. An odorant liquor being poured on the water, 
flops the motion till it is diflipated by evaporation. 
Fixed oil arrefts the motion for a much longer time, 

and 
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Odour, and until the pellicle it forms on the water is 

4. When the fnrface of the water is cleaned by a 
leaf of metal, of paper, or of glafs, plunged in and 
withdrawn fucceffively until the pellicle is removed, the 
gyratory motion is renewed. If a piece of red wax or 
of taper be dipped in water, and the drops fhaken off 
into a glafs of water containing odorant bodies in mo- 
tion, the movement will be Hopped. rI*he lame effect 
is not produced by metal. 

5. A morfel of camphor, plunged to the depth of 
three or four lines in water without floating, excites a 
movement of trepidation in the furrounding water, 
which repels fmall bodies in its vicinity, and carries 
them again to the camphor by Harts. The author 
concludes, that an elaHic fluid efcapes from the odo- 
rant body in the manner of the fire of a fufee or the 
difcharge of fire-arms. 

6. When there is a certain proportion between the 
height of the water and that of the fmall fragment of 
camphor, the water is brifldy driven off, returns again 
to the camphor, and again retires, as if by an explofion, 
the recoil of w hich often caufes the camphor to make 
part of a revolution on its axis. 

7. Camphor evaporates thirty or forty times more 
fpeedily when placed upon water, than when entirely 
furrounded with air. 

8. Camphor, during the aft of diffipation in the air, 
preferves its form and its opaque whitenefs ; upon wa- 
ter it is rounded, and becomes tranfparent as if it had 
undergone a kind of fufion. It may be inferred, that 
this arifes from the acquired motion, which caufes it to 
prefent a greater furface to the air. 

9. When fmall pieces of camphor are plunged in wa- 
ter, the camphor becomes rounded and tranfparent, 
does not acquire any motion, and its diflipation is lefs 
perceptible than in the air. The concurrence of air 
and w'ater is therefore neceffary to difengage the fluid 
which is the caufe of the motion and total diflipation 
of odorant bodies. 

10. I he motion of odorant bodies upon wrater decays 
and ceafes fpontaneoufly at the end of a certain time ; 
becaufe the water having then contrafted a flrong fmell, 
the volatilization takes place in all the points of its fur- 
face ; and the fmall mafs being thus furrounded by the 
odorant fluid, which is no longer air, diflblves, as in 
the ordinary odorant fluids, without forming the ga- 
ieous jet which is the caufe of the motion. The au- 
thor compares the volatilization of the aromatic fub- 
Hance to a combuflion excited by water. 

M. PrevoH hopes, that thefe, and other experiments 
which he explains, will contribute to the theory of 
odours, which fo nearly refembles that of the gafes. 
He does not flatter himfelf wuth having exhauHed this 
fubjeft, but confiders his difcoveries as the means of 
rendering odour perceptible by water, not only to the 
fight, but even to the touch, as are likewife the vibra- 
tions of fonorous bodies. Men deprived of the fenfe 
of fmell, and even the blind, according to him, may in 
this manner diflinguifh odorant bodies from thofe which 
have no fmell. “ Perhaps (fays he) this kind of odo- 
rofcope may, by improvement, become an odorimeter, 
The exceptions, fuch for example as that of the ceru- 
men of the ears, which produces much effeft on water 
without being perceptibly odorant, and that of the 
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taken fingers when hot or moifl, are merely apparent ; for if Odour, 

our fenfes do not in thofe cafes difeover odour, thofe of 
animals more powerfully energetic, fuch as the dog, 
perceive and diflinguifh individuals by its peculiar cha- 
rafter.. The odorofeope may aflbrd the information 
which is wanting refpefting thefe effluvia. Thus it is 
that the fat of game, the fmell of wrhich is nearly to us 
imperceptible, is very much fo to dogs, and exhibits 
fenlible marks by the odorofeope. 

1 lofeflor Venturi of Modena, who heard PrevofPs 
memoir read in the National Inflitute, had himfelf made 
fome experiments with camphor kept feparately in the 
air, in the water, and at the furface of the water; 
whence he deduces, that the mofl aftive virtue for dif- 
folving camphor refides at that part where both the 
air and the water touch the camphor at the fame time. 
Hence he explains why, in like circumflances, camphor 
evaporates more quickly in a moifl than in a dry air; 
and why the Hollanders ufe w-ater in their procefs for 
fubliming this fubflance. 

It might be thought that the camphor was decom- 
pofed at the furface of the water ; that the water miVht 

.T *  ^ 1*1 1 1 feize the acidifying part, which renders the camphor 
concrete ; and that the volatile part is difiipated in the 
atmofphere. The author rejefts this notion. He 
thinks that water with camphor floating on its furface 
becomes charged with no more than a very fmall por- 
tion : 1. Becaufe in thefe circumftances the water ac- 
quires the fame tafte and fmell of camphor as it ob- 
tains when a fmall quantity of this fubftance is kept 
plunged in the fame fluid. This water, by expofure to 
the air, lofes the qualities with which it had been char- 
ged, and becomes infipid, and without fmell. 2. Be- 
caufe when the water is faturated with all it can take 
up, the diflipation of the camphor continues at its fur- 
face as before. 3. Becaufe the aerial emanations of 
camphor made at the furface of water do themfelves 
cryflallize into camphor. 

Camphor at the furface of the water does nothing, 
therefore, but diflblve ; and when diflulved at the ordi- 
nary temperature of the atmofphere, it is not at firft in 
the ftate of vapour as has been thought. It is Amply 
a liquid which extends itfelt o\Vr the furface of water 
itfelt ; and by this means coming into contaft with a 
great furface of air, it is afterwards abforbed and eva- 
porated. This is proved by the following fafts: i. The 
folution of camphor at the furface of water is more ra- 
pid in proportion to the extent of the furface. In nar- 
row veflels, the feftion of the column would not be 
completed in ten days, even though the water might he 
extremely pure. - 2. When the column of camphor has 
projefting parts, the liquid may be feen iffulng by pre- 
feience front certain points of the column, covering the 
fuiface of the water, and driving fmall floating bodies 
before it, in the fame manner as floating bodies go and 
return in a bafon into which the water of a canal enters 
with rapidity. 3. If a fmall piece of camphor, already 
wetted at one end, be brought near the edge of water 
contained in a broad faucer, and be made to touch the 
faucer itfelf, it depofits a vifible liquor, which is oily; 
and by attaching itfelf to the faucer, deftrdys the adhe- 
fion between the veflel and the border of the water, fo 
that the water retires on account of the affinity of’ag. 
gregation, which not being oppofed by the att raft ion 
of the faucer, caufes the water to terminate in a round 

Qjl edge. 
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Odour, edge. If you remove the piece of camphor, the water 
(Econo- wJ11 noj return to its place until the oily fluid is evapo- 

rated. 4. In the fame manner, when the column of 
camphor is half immerfed in the water, the oily liquor 
which iffues forth deltroys the adheiion of the water to 
the column, and produces a fmall furrounding cavity. 
The folution Hops, or is retarded for a moment, until 
the fluid, extending itfelf over the water, becomes eva- 
porated : the water then returns to its place, and touch- 
es the fame part of the camphor; the folution begins 
again, and in this manner the procefs is effe&ed by al- 
ternations of contaft and apparent repulfion. 

Of thefe memoirs by Prevoft and Venturi, the Eng- 
lifh reader will find accurate and full tranflations in the 
firfl. volume of Nicholfon s Philofophical Journal, toge- 
ther with fome judicious obfervations on them by the 
editor, which we fhall take the liberty to adopt. “ The 
philofophical confideration of odorant bodies is fome- 
what obfcured by the old method of generalizing, or 
referring the properties of bodies to fome dillinft prin- 
ciple or thing fuppofed capable of being feparated from 
the body itfelf. Thus the odours of bodies have been 
fuppofed to'depend on a fubltance imagined in a loofe 
way to be common to them all and feparable from them. 
Hence the terms, principle of fmell, fpiritus reftor, and 
even in the modern nomenclature we fu\dl aroma. There 
does not in effeft feem to be any more reafon to infer 
the exillence of a common principle of fmell than of 
tafte. The fmell of ammoniac is the a&ion of that gas 
upon the organ of fenfe ; and this odorant invifible 
matter is exhibited to the fight when combined with an 
acid gas. But in the fame manner as ammoniac ema- 
nates from water, and leaves moll part of that fluid be- 
hind, fo will the volatile parts of bodies be mod emi- 
nently productive of this aClion ; and very few, if any, 
natural bodies will be found which rife totally. The 
moil linking cncumllance in the effeft is, that an aft 
of fuch power fhould be attended with a lofs by exha- 
lation which is fcarcely to be appreciated by weight, 
or in any other method during a Ihort interval of time. 
But we know fo little of nervous aftion, and of other 
phenomena of eleftricity, of galvanifm (See Galva- 
nism in this Suppl.), or even of heat, which ilrongly 
affeft the fenfes, but elude admeafurement by gravita- 
tion, that the difficulty of weighing the effluvia of udo- 
Tant bodies becomes lefs allonilhing.” 

(ECONOMISTS, a feft of philofophers in France, 
who have made a great noife in Europe, and are gene- 
rally believed to have been unfriendly to religion. The 
founder of this feci was a Dr Duquefria't, who had fo 
well infinuated himfelf into the favour of Eouis XV. 
that the king ufed to call him his thinker. The feft 
was called ceconomijls, becaufe the oeconomy and order 
to be introduced into the finances, and other means of 
alleviating the diftrefles of the people, were perpetually 
in their mouths. The Abbe Barruel admits, that there 
may have been fome few of them who direfted their 
(peculations to no other objeft ; but he brings very 
fufficient proof that the great aim of the majority of 
the feft was to eradicate from the minds of the people 
all reverence for divine revelation. 

“ Duquefnai (fays he) and his adepts had more ef- 
pecially undertaken to perfuade their readers, that the 
country people, and mechanics in towns, were entirly 
deftilute of that kind of inttruftion neceffary for their 

profeffions ; that men of this clafs, unable to acquire CEfc-s. 
knowledge by reading, pined away in an ignorance 
equally fatal to themfelves and to the Hate ; that it was * v * 
neceffary to eftablifli free fchools, and particularly 
throughout the country, where children might be 
brought up to different trades, and inftrufted in the 
principles of agriculture. D’Alembert, and the Vol- 
tairean adepts, foon perceived the advantages they could 
reap from thefe eftablifhments. In union with the ceco- 
nomifts, they prefented various memorials to Louis XV. 
in which not only the temporal but even the fpiritual 
advantages of fuch eftabliffiments for the people are 
ftrongly urged. The king, who really loved the people, 
embraced the projeft with warmth. Fie opened his 
mind on the fubjeft to Mr Berlin, whom he honoured 
with his confidence, and had entrufted with his privy 
purfe;” and it was with great difficulty that this minifter- 
could convince him of the dangerous defigns of the feft. 

“ Determined (fays he) to give the king pofitive 
proof that the ceconomiffs impofed upon him, I fought 
to gain the confidence of thofe pedlars who travel1 

through the country^ and expofe their goods to fale in1 

the villages, and at the gates of country feats. I fuf- 
pefted thofe in particular who dealt in books to be no- 
thing lefs than the agents of philofophifm with the 
good country folks. In my excurfions into the coun- 
try I fixed my attention above all on the latter. When 
they offered me a book to buy, I queilioned them what 
might be the books they had ? Probably catechifms or 
prayer-books ? Few others are read in the villages? At 
thefe words I have feen many fmile. No, they anfwer- 
ed, thofe are not our works ; we make much more 
money of Voltaire, Diderot, and other philofophic wri- 
tings. What ! faid I; the country people buy Voltaire 
and Diderot ? Where do they find the money for fuch 
dear works ? Their conftant anfwer was, we have them 
at a much cheaper rate than prayer-books; we can felF 
them at ten fols (5d.) a volume, and have a pretty pro- 
fit into the bargain. Qmffiioning fome of them ft.il! 
farther, many of them owned that thofe books coil 
them nothing; that they received whole bales of them 
without knowing whence they came, but being Amply 
defired to fell them in their journeys at the loweifc 
price. 

“ Louis XV. warned by the difeovery made by his 
minifter, was at length fatisfied that the eftablilhment 
of thefe fchools, fo much urged by the confpirators; 
would only be a new inftrument of feduftion in their 
hands. Fie abandoned the plan ; but, perpetually ha* 
railed by the protefting fophifters, he did not ftrike at 
the root of the evil, and but feebly impeded its pro- 
grefs. The pedlars continued to promote the meafures 
of the confpirators ; yet this was but one of the infe- 
rior means employed to fupply the want of their free 
fchools, as a new difcoVery brought to light one far 
move fatal. 

“ About the middle of the month of September 
1789, little more than a fortnight antecedent to the a- 
trocious 5th and 6th of Oftober, at a time when the 
conduft of the National Affembly, having thrown the 
people into all the horrors of a revolution, indicated 
that they would fet no bounds to their pretenfions, Mr 
Le Roy, lieutenant of the King's hunt, and an acade- 
mician, being at dinner at the houfe of Mr D’Ange- 
villitrs, intendant of the buildings of his majefty, the 

conver- 
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Econo- converfation turned on the difafters of the revolution, 
mills, and on thofe that were too clearly to be forefeen. Din- 
—v——' ner over, the nobleman above-mentioned, a friend of Le 

Roy, hurt at having feen him fo great an admirer of 
the fophifter'i, reproached him with it in the following 
expreflive words : Well! tins, then, is the work of Philo- 

fophy ! Thunderllruck at thefe words—Alas ! cried the 
academician, to whom do you fay fo ? I know it but too 
well, and I Jhall die of grief and remorfe / At the word 
remorfe, the fame nobleman queftioned him whether he 
had fo greatly contributed towards the revolution as to 
upbraid himfelf with it in that violent manner ? * Yes 
(anfwered he), I have contributed to it, and far more 
than I was aware of. I was fecretary to the committee 
to which you are indebted for it ; but I call heaven to 
witnefs, that I never thought it would go to fuch 
lengths. You have feen me in the king’s fervice, and 
you know that I love his perfon. I little thought of 
bringing his fubje&s to this pitch, and IJh all die of grief 
and remorfe /’ 

“ Preifed to explain what he meant by this commit- 
tee, this fecret fociety, entirely new to the whole com- 
pany, the academician refumed : ‘ This fociety was a 
fort of club that we philofophers had formed among 
us, and only admitted into it perfons on whom we could 
perfe&ly rely. Our fittings were regularly held at the 
Baron D’Holbach’s. Left our objeft fhould be fur- 
mifed, we called ourfelves ceconomills. We created 
Voltaire, though abfent, our honorary and perpetual 
prefident. Our principal members were D’Alembert, 
Turgot, Condorcet, Diderot, La Harpe, and that La- 
moignon, keeper of the feals, who on his difmiffion fhot 
himfelf in his park.’ 

“ The whole of this declaration was accompanied 
with tears and fighs ; when the adept, deeply penitent, 
continued : * The following were our occupations; the 
moft of thofe works which have appeared for this long 
time part, againft religion, morals, and government, were 
ours, or thofe of authors devoted to us. They were 
all compofed by the members or by the orders of the 
fociety. Before they were fent to the prefs, they were 
delivered in at our office. There we revifed and cor- 
redfted them ; added to, or curtailed them, according 
as circumftances required. When our philofophy was 
too glaring for the times, or for the objedl of the work, 
we brought it to a lower tint; and when we thought 
that we might be more daring than the author, we 
fpoke more openly. In a word, we made our writers 
fay exactly what we pleafed. Then the work was pub- 
lifhed under the title or name we had chofen, the better 
to hide the hand whence it came. Many, fuppofed to 
have been pofthumous works, fuch as Chriflianity Un- 
majked, and divers others attributed to Freret and Bou- 
langer after their deaths, were iffued from our fo- 
ciety. 

4 When we had approved of thofe works, we began 
by printing them on fine or ordinary paper, in fufficient 
number to pay our expences, and then an immenfe 
number on the commoneft paper. I hefe latter we fent 
to hawkers and bookfellers free of coll, or nearly fo, 
who were to circulate them among the people at the 
lowed rate. Thefe were the means ufed to pervert 
the people, and bring them to the date you now fee 
them in. I ffiall not fee them long, for I Jhall die of 
grief and remorfe !‘ 

This recital is too well authenticated to be called in 
quellion, and too plain to need a commentary. Let it 
be a warning againft all fecret focieties, by whatever 
title of benevolence they may be deiigned by thofe who 
form them. 

OIL-mill, a mill for expreffing the oils from fruits, 
or grains, &c. As thefe kingdoms do not produce the 
olive, it would be needlefs to deferibe the mills which 
are employed in the fouthern parts of Europe. We dull 
content ourfelves, therefofe, with a defeription of a 
Dutch oil-mill, employed for grinding and preffing lint- 
feed, rape-feed, and other oleaginous grains. Farther, 
to accommodate our defeription Hill mote to our local 
circumftances, we fliall employ water as the firft mo- 
ver ; thus avoiding the enormous expence and compli- 
cation of a windmill. 

In Plate XXXVIII. fig. A, 
1. Is the elevation of a wheel, over or underffiot, as 

the fituation may require. 
2. The bell-metal focket, fupported by mafonry/O1;. 

receiving the outer gudgeon of the water-wheel. 
3. The water courfe. 
Fig. B. 
1. A fpur wheel upon the fame axis, having 52 

teeth. 
2. The trundle that is driven by N° 1. and has 78 

ftaves. 
3. The wallower, or axis for raifing the peftles. It 

is furniffied round its circumference with wipers for 
lifting the pejlles, fo that each may fall twice during 
one turn of the water wheel, that is, three wipers for 
each peftle. 

4. A frame of timber, carrying a concave half cylin- 
der of bell-metal, in which the wallower (cafed in that 
part with iron plates) refts and turns round. It will 
be feen in profile, fig. G. 

5. Mafonry fupporting the inner gudgeon of the 
water wheel and the above-mentioned frame. 

6. Gudgeon of the wallower, which bears againft a 
bell-metal ftep fixed in the wall. This double fupport 
of the wallower is found to be neceffary in all mills 
which drive a number of heavy Hampers. 

Fig. C, Is the elevation of the peftle and prefs- 
frame, their furniture, the mortars, and the prefs- 
peftles. 

1. The fix peftles. 
2. Crofs pieces between the two rails of the frame, 

forming, with thefe rails, guides for the perpendicular 
motion of the peftles. 

3. The two rails. The back one is not feen. They 
are checked and bolted into the ftandards N° 12. 

4. The tails of the Hfsi correfponding to the wipers 
upon the wallower. 

Another rail in front, for carrying the detents 
which hold up the peftles when not a&ing. It is mark- 
ed 14 in fig. M. 

6. A beam a little way behind the peftles. To this 
are fixed the pulleys for the ropes which lift and Hop 
the peftles. It is reprefented by 16 in fig. M. 

7. The faid pulleys with their ropes. 
8. The driver, which ftrikes the wedge that prefles 

the oil. 
9. The difdarger, a Hamper which ftrikes upon the 

inverted wedge, and loofeus the prefs. 
Qji 2 19. 
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10. The lower rail with its crofs pieces, forming the 
lower guides of the peftles. 

11. A fmall cog-wheel upon the wallower, for turn- 
ing the fpatula, which ftirs about the oil-feed in the 
chauffer-pan. It has 28 teeth, and is marked Ny 6. in 
fig. M. 

12. The four ftandards, mortifed below into the 
lloch, and above 'into the joifts and beams of the build- 
ing. 

13. The fix mortars hollowed out of the block itfelf, 
and in fiiape pretty much like a kitchen pot. 

14. The feet of the peftles, rounded into cylinders, 
and ftiod with a great lump of iron. 

15. A board behind the peftles, Handing on its edge, 
but inclining a little backwards. There is fuch ano- 
ther in front, but not reprefented here. Thefe form a 
fort of trough, which prevents the feed from being fcat- 
tered about by the fall of the peftles, and loft. 

16. The firft prefs-box (alfo hollowed out of the 
block), in which the grain is fqueezed, after it has 
come for the firft time from below the milftones. 

17. The fecond prefs-box, at the other end of the 
block, for fqueezing the grain after it has palled a fe- 
cond time under the peftles. 

18. Frame of timber for fupporting the other end of 
the wallower, in the fame manner as at N° 4. fig. B. 

19. Small cog-wheel on the end of the wallower for 
giving motion to the milftones. It has 28 teeth. 

20. Gudgeon of the wallower, bearing on a bell me- 
tal focket fixed in the wall. 

21. Veflels for receiving the oil from the prefs- 
boxes. 

22. Joifts fupporting the block. 
Fig. D. Elevation and mechanifm of the milftones. 
1. Upright Jhaft, carrying the great cog-wheel above, 

and the runner miljlones below in their frame. 
2. Cog-wheel of 76 cogs, driven by NQ 19. of fig. C. 
3. The frame of the runners. This will be more 

<3iftin£Uy underftood in Na 4. fig. FI. 
4. The innermoft: runner, or the one neareft the 

fhaft. 
5. Outermoft ditto, being farther from the lhaft. 
6. The inner rake, which collefts the grain under the 

cuter runner. 
7. The outer rake, which colle&s the grain under the 

inner runner. In this manner the grain is always turned 
over and over, and crufhed in every direction. The in- 
ner rake lays the grain in a Hope, of which fig. O. is a 
fe&ion ; the runner flattens it, and the fecond rake lifts 
it again, as is marked in fig. P ; fo that every fide of a 
grain is prefented to the milftone, and the reft of the 
legger or nether miljlone is fo fwept by them, that not a 
fingle grain is left on any part of it. The outer rake 
is alfo furniftied with a rag of cloth, which rubs againft 
the border or hoop that furrounds the nether milftone, 
fo as to drag out the few grains which might other- 
wife remain in the comer. 

8. The ends of the iron axle which pafles through 
the upright lhaft, and through the two runners. Thus 
they have two motions : \mo, A rotation round their 
own axis, zdo. That by which they are carried round 
upon the nether milftone on which they roll. The 
holes ia thefe milftones are made a little widifti ; and 
the holes in the ears of the frame,, which carry the ends 

of the iron axis, are made oval up and down. This 
great freedom of motion is neceflary for the runner 
milftones, becaufe frequently more or lefs of the grain 
is below them at a time, and they mull therefore be at 
liberty to get over it without ftraining, and perhaps 
breaking, the fhaft. 

9. The ears of the frame which lead the two extre- 
mities of the iron axis. They are mortifed into the 
under fide of the bars of the fquare frame that is car- 
ried round with the lhaft. 

10. The border or hoop which furrounds the nether 
milftone. 

11. and 12. The nether milftone and mafonry which 
fupports it. 

Fig. E. Form of the wallower, {hewing the difpofi- 
tion of the wipers along its lurface. 

1. Two parts of this lhaft, wdiich are nicely round- 
ed, and fortified with iron plates, and which reft upon 
the bell-metal concaves, which are reprefented in n^ 4. 
of fig. C. 

2. The little wheels at each end, for giving motion to 
the two fpatulae, marked n° 11. fig. C. 

3. The wipers for the fecond prefs. 
4. The wipers for the firft prefs. 
5. The wipers for the fix peftles. 
Fig. F. Reprefents the furface of the wallower un- 

folded into a rectangular parallelogram, in order v to 
Ihew the diftribution of the wupers, and confequently the 
fuccefiion of the ftrokes given by the different peftles. 
This diftribution has fomething peculiar. Each peftle 
has three wipers ; and there are alfo three for the driver 
and difeharger of the fecond prefs. The driver and 
wiper of the firft prefs have but one and a half; one 
for the driver, and the half for the difeharger ; fo that 
it ftrikes twice, and the driver only once, in a turn of 
the lhaft. This is the Dutch praftice, which differs 
from that of Flanders. The fucceffion of the ftrokes 
may be conceived as follows : Reckon the Hampers, in- 
cluding thofe of the preffes, from the water-wheel to- 
ward the other end of the wallower, and calling them 
a, b, c, d, e, f, g, h, i, k, and fuppoling that a makes 
the firft ftroke, they proceed in the following order for 
one turn of the vvallower : 
ab, d, f, h, c, e, g, ab, d,f, h, c, e, g, ah, d, f, h, c, e, g. 

Here it may be obferved that a and b ftrike together. 
They would do fo if allowed ; but one of them is held 
up by its detent till the workman fees proper to dif- 
engage it. Each peftle, and the driver and difeharger 
of the fecond prefs, makes three ftrokes for one turn of 
the wallower. But the driver k of the firft: prefs makes 
only one ftroke in that time, namely, in the interval 
between the laft ftrokes of e and g. The difeharger i of 
this prefs makes two ftrokes ; one of them in this fame 
interval, and the other along with the firft ftroke of e. 
The fecond preffing requires a much more violent pref- 
fure than the firft, becaufe the cake mull be left per- 
fectly dry and hard. 

Fig. G, Profile of the frame of timber which carries 
the wallower, and greatly contributes to render its mo- 
tion Heady. 

Fig, H. Is a view of one of the milftones. 
1. The nether milftones, and the mafonry fupporting 

the whole. 
2. The runner,. 

3. A 
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O!!. 3. A fort of cafe which enclofes the two wings of 
-v--' the milftone at a very fmall diftance from it, in order 

to prevent the grain which flicks to it from being feat- 
tered. There is another method pradlifed at fome mills. 

lig. I. Reprefents that of Sardamm. A A are two 
iron rods, about half an inch fquare, hanging on the 
axle, on each fide of the milflone. Thefe rods are 
joined by a crofs piece C, which almoft touches the 
inilflone. A piece of leather is put between, which 
rubs upon the milflone, and clears it of the grain which 
chances to flick to it. 4. and 6. reprefent the ears 
of this frame, by which the end of the iron axle is fup- 
ported, and carried round by the upright fliaft nB 5. 

Rig. K. Plan of the runner milftones, and the frame 
which carries them round. 

1, 1. Are the two milflones. 
3> 3> 3> 3* outfide pieces of the frame. 
4, 4, 4, 4. The crofs bars of the frame which em- 

brace the upright fhaft 5, and give motion to the whole. 
6. 6. The iron axis upon which the runners turn. 
7. The outer rake. 
8. The inner ditto. 
Fig. L. Reprefents the nether milflone feen from 

_ above. 
1. The wooden gutter, which furrounds the nether 

milflone, 
2. The border or hoop, about fix inches high, all 

round, to prevent any feed from being fcattered. 
3. An opening or trap-door in the gutter, which can 

be opened or fhut at pleafure. When open, it allows 
the bruifed grain, colle&ed in and fhoved along the 
gutter by the rakes, to pafs through into troughs pla- 
ced below to receive it. 

4. Portion of the circle deferibed by the outer runner. 
5. Portion of the circle deferibed by the inner one. 

By thefe we fee that the two Hones have different routes 
round the axis, and bruife more feed. 

6. The outer rake. 
7. The inner ditto. 
8. The fweep, making part of the inner rake, oc- 

cafionally let down for fweeping off all the feed when 
it has been fufficiently bruifed. The preffure and ac- 
tion of thefe rakes is adjufled by means of wooden 
fprings, which cannot be eafily and diflindlly reprefent- 
ed by any figure. The oblique pofition of the rakes 
(the outer point going foremofl) caufes them to fhove 
the grain inwards or toward the centre, and at the fame 
time to turn it over, fomewhat in the fame manner as the 
mould-board of a plough fhoves the earth to the right 
hand, and partly turns it over. Some mills have but one 
fweeper; and indeed there is great variety in the form 
and conflru&ion of this part of the machinery. 

Fig. M. Profile of the peflle frame. 
j. Sedlion of the horizontal fhaft. 
2. Three wipers for lifting the peflles. 
3. Little wheel of 28 teeth for giving motion to the 

fpatula. 
4. Another wheel, which is driven by it, having 20 

teeth. 
5. Horizontal axle of ditto. 
6. Another wheel on the fame axle, having 13 teeth* 
7. A wheel upon the upper end of the fpindle, having 

12 teeth. 
8. Two guides, in which the fpindle turns freely, and 

fo that it can be fliifted higher and lower. 
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9. A lever, moveable round the piece 14. and ha- 

ving a hole in it at 9, through which the fpindle paffes, 
turning freely. The ipindle has in this place a fhoulder, 
which refls on the border of the hole 9 ; fo that by the 
motion of this lever the Ipindle may be difengaged from 
the wheel-work at pleafure. This motion is given to 
it by means of the lever 10, io, moveable round its 
middle. The workman employed at the chauffer pulls 
at the rope jo, 1 j, and thus difengages the fpindle and 
fpatula. 

j 1. A peflle feen fidewife. 
I 2. The lift of ditto. 
13. The upper rails, marked n° 3. in fig. C. 
14* ^ he rail, marked n° 3. in fig. C. To this arc 

fixed the detents, which ferve to flop and hold up the 
peflles. 

15. A detent, which is moved by the rope at its outer 
end. 

16. A bracket behind the peflles, having a pulley, 
through which paffes the rope going to the detent 15. 

i 7. The faid pulley. 
18. The rope at the workman’s hand, paffing through 

the pulley 17, and fixed to the end of the detent 13. 
1 his detent naturally hangs perpendicular by its own 

weight. When the workman wants to flop a peflle, he 
pulls at the rope 18, during the rife of the ptflle. 
When this is at its greateil height, the detent is hori- 
zontal, and prevents the peflle from falling by means 
of a pin projefting from the fide of the ptflle, which, 
refls upon the detent, the detent itfelf being held in 
that pofition by hitching the loop of the rope upon a. 
pin at the workman’s band. 

19. The two lower rails, marked n° 10. fig. C. 
20. Great wooden, and fometimes Hone, block, in 

which the mortars are formed, marked n° 21. in fig. C. 
2 1. Veffel placed below the prefs boxes for receiving 

the oil. 
22. Chauffer, or little furnace, for warming the brui- 

fed grain. 
23. Backet in the front of the chauffer, tapering 

downwards, and opening below in a narrow flit. The 
hair bags, in which the grain is to be preffed after it has 
been warmed in the chauffer, are filled by placing them 
in this backet. J he grain is lifted out of the chauffer 
with a ladle, and put into thefe bags} and a good quan- 
tity of oil runs from it through the flit at the bottom 
into a veffel fet to receive it. 

24. The fpatula attached to the lower end of the 
fpindle, and turning round among the grain in the 
chauffer-pan, and thus preventing it from flicking to. 
the bottom or fides, and getting too much heat. 

Fig. N, Plan of part of the works. 
1, l. Furnaces for warming the grain. 
2, 2. The backets for holding the facks while they 

are a-filling. 
3, 3. The pan in which the bruifed grain is heated by 

the chauffer. 
4, 4. A trough for receiving the chips, into which, 

the preffed oil-cakes are cut, to be afterwards put into 
the pan and warmed. 

5. The prefs-box for the fecond prefling. 
6. The prefs-box for the firft prefilng. 
7. The fix mortars. 
8. The Hoping boards, to hinder the fcattering of the 

oil feed. 
9. The 
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9. The nether milftone, but out of its place. 

10. Its centre a little higher than the reft. 
11. A rib of wood going round the edge of the ne- 

ther milftone, and even with its furface, but rifing a ve- 
ry little outwards, and furrounded with a border or hoop 
about an inch high, to prevent the feed from being fcat- 
tered on the ground. 

Fig. Q^_ A feftion lengthwife of the great block, with 
the mortars and prefs-boxes. 

1. The fix peftles. 
2. The fix mortars, each of which has an iron plate at 

its bottom. 
3. The driving {tamper, which falls on the wedge of 

the firft prefling. 
4. Ditto, for the fecond ditto. 
5. The difcharger, which ftrikes on the inverted wedge 

in order to free the prefa. 
6. Ditto, for the fecond prefling. 
7. Wedge for freeing the prefs. 
8. Wedge for prefling. 
9. Wooden cheeks, \vto inches thick, which are placed 

between the middle wedge and theJliding wedges on each 
fide. 

10. Prefs-irons, between which arc placed the hair- 
bags containing the bruifed grain. 

11. Iron plate, called the fountain, at the bottom, 
pierced with holes, correfponding with a hole in the 
block, for allowing the oil to run off from the preffed 
grain. 

12. Veffel for receiving ditto. 
13. A long iron plate at the bottom of the prefs box, 

under the drawing and difcharging wedges. 
Fig. R. Another view of the prefs-irons. 
1. The fide-irons bid flat. 
2. The fame feen edgewife. 
3. The pierced iron plate, upon which the two irons, 

-n" j. (land upright, with the hair-bag between them. 
4. One of the hair-bags. It may be obferved that 

the feams of thefe bags are made on the flat fides, and 
not on the edges, where they would be in danger of 
burfting. . , ’ 

3. A long hair-cloth, in which the bag is wrapped 
before it is fet into the prefs. The bag, being tilled 
with bruifed grain, is placed with its bottom at a, and 
the top at b\ the part is lapped over it, reaching to 
h, and then the other end d is lapped over that, and 
reaches to a, and the loop at its end ferves as a handle 
by which to lift it, and place it properly between the 
prefs-irons. 

Fig. S. The principal pieces of the prefs. 
j. The wooden cheeks. 
2. The difcharging wedge. 
3. The driving wedge. 
4 and 5. The Aiding blocks, which tranfmit the pref- 

fure produced by the driving wedge. 
The foregoing enumeration and views of the different 

parts of a Dutch oil mill, are fufficient, we imagine, to 
enable an intelligent mill-wright, to whom the machine 
is altogether new, to underftand its manner of working, 
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and its adaptation to the various parts of the pro- 
cefs for extrafting the oil from feeds or kernels. It 
would require a very minute defcription indeed to ex- 
plain it to a perfon altogether unacquainted with mill- 
work. 

The firft part of the procefs is bruifing the feed un- 
der the runner ftones (a). That this may be more ex- 
peditioufly done, one of the runners is fet about yds of 
its own thicknefs nearer the fliaft than the other. Thus 
they have different treads ; and the grain, which is a 
little heaped towards the centre,, is thus bruifed by 
both. The inner rake gathers it up under the outer 
ftone into a ridge, of which the fe&ion is reprefented 
in Plate XL. fig. O. The ftone paffes over it, and 
flattens it. It is gathered up again into a ridge, of 
the form of fig. P. under the inner ftone, by the outer 
rake, which confifts of two parts. The outer part 
preffes clofe on the wooden border which furrounds the 
nether ftone, and ftioves the feed obliquely inwards, 
while the inner part of this rake gathers up what had 
fpread toward the centre. The other rake has a joint 
near the middle of its length, by which the outer half 
of it can be raifed from the nether ftone, while the inner 
half continues preffing on it, and thus fcrapes off the 
moift pafte. When the feed is fufficiently bruifed, the 
miller lets down the outer end of the rake. This im- 
mediately gathers the whole pafte, and (hoves it oblique- 
ly outwards to the wooden rim, where it is at laft 
brought to a part that is left unboarded, and it falls 
through into troughs placed to receive it. Thefe 
troughs have holes in the bottom, through which the 
oil drips all the time of the operation. This part of 
the oil is direded into a particular ciftern, being confi- 
dered as the pureft of the whole, having been obtained, 
without preffure, by the mere breaking of the hull of 
the feed. 

In fome mills this operation is expedited, and a much 
greater quantity of this beft oil is obtained, by having 
the bed of mafonry which fupports the legger formed 
into a little furnace, and gently heated. But the ut- 
moft care is neceffary to prevent the heat from be- 
coming confiderable, This, enabling the oil to diffolve 
more of the fermentable fubftancfc of the feed, expofes 
th« oil to the rifk of growing foon very rancid ; and, 
in general, it is thought a hazardous pradice, and the 
oil does noc bring fo high a price. 

When the pafte comes from under the ftones, it is 
put into the hair bags, and fubjeded to the firft pref- 
fing. The oil thus obtained is alfo efteemed as of the 
firft quality, fcarcely inferior to the former, and is kept 
apart. (The great oil ciftern being divided into feveral 
portions by partitions.) 

The oil cakes of this prefling are taken out of the 
bags, broken to pieces, and put into the mortars for 
the firftJiampmg. Here the pafte is again broken down, 
and the parenchyma of the feed reduced to a fine meal. 
Thus free egrefs is allowed to the oil from every veficle 
in which it was contained. But it is now rendered 
much more clammy, by the forcible mixture of the mu- 

(a) We are told that, in a mill at Reichenhoffen in Alface, a confiderable improvement has been made by 
palling the feed between two fmall iron rollers, before it is put under the milftones. A great deal of woik is 
faid to be faved by this preliminary operation, and finer oil produced, which we think very probable. The 
ftamping and prefling go on as m other mills. 
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cilage, and even of the finer parts of the meal. When 
fufficiently pounded, the workman flops the peftle of 
a mortal, when at the top of its lift, and carries the 
contents of the mortar to the firft chauffer pan, where 
it is heated to about the temperature of melting bees 
wax (this, we are told, is the teff), and all the while 
ftirred about by the fpatula. From thence it is again 
put into hair bags, in the manner already defcribed ; 
and the oil which drips from it during this operation is 
confidered as the beft of the fecond quality, and in 
fome mills is kept apart. The paffe is now fubje&ed 
to the fecond prefiing, and the oil is that of the fecond 
quality. 

All this operation of pounding and heating is per- 
formed by one workman, who has conftant employment 
by taking the four mortars in fucceflion. The putting 
into the bags and conducing of the prefling gives equal 
employment to another workman. 

In the mills of Piccardy, Alface, and moft of Flanders, 
the operation ends here; and the produce from the 
chauffer is increafed, by putting a fpoonful or two of 
water into the pan among the pafte. 

But the Dutch take more pains. They add no water 
to the pafte of this their jirjlJlamping. They fay that 
this greatly lowers the quality of the oil. The cakes 
which refult from this prefling, and are there fold as 
food for cattle, are ftill fat and foftifh. The Dutch 
break them down, and fubjedl them to the peftles for 
the fecond Jlamping. Thefe reduce them to an impal- 
pable pafte, ftiff like clay. It is lifted out, and put in- 
to the fecond chauffer pan; a few fpoonfuls of water are 
added, and the whole kept for fome time as hot as boil- 
ing water, and carefully ftirred all the while. From 
thence it is lifted into the hair bags of the laft prefs, 
fubjeeffed to the prefs ; and a quantity of oil, of the 
lowed quality, is obtained, fufficient for giving a fatis- 
fadlory profit to the miller. The cake is now perfectly 
dry, and hard, like a piece of board, and is fold to the 
farmers. Nay, there are fmall mills in Holland, which 
have no other employment than extracting the oil from 
the cakes which they purchafe from the French and 
Brabanters ; a clear indication of the fuperiority of the 
Dutch practice. 

The nicety witli which that induftrious people con- 
duct all their bufinefs is remarkable in tiiis manufac- 
ture. 

In their oil ciftern, the parenchymous part, which 
unavoidably gets through, in fome degree, in every ope- 
ration, gradually fubfides, and the liquor, in any divi- 
fion of the ciftern, comes to confift of ftrata of different 
degreesof purity. The pumps which lift it out of each 
divifion are in pairs; one takes it up from the very bot- 
tom, and the other only from half depth. The lalt on- 
ly is barrelled up for the market, and the other goes 
into a deep and narrow ciftern, where the dreg again 
fubfides, and more pure oil of that quality is obtained. 
By fuch careful and judicious pradlices, the Dutch not 
only fupply themfelves with this important article, but 
annually fend confiderable quantities into the very pro- 
vinces of France and Flanders where they bought the 
feed from which it was extracted. When we refiedl on 
the high price of labour in Holland, on the want of 
timber for machinery, on the expence of building in 
that country, and on the enormous expence of wind mill 
machinery, both in the firft ere&ion and the fubiequent 
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wear and tear, it muft be evident, that oil mills erected on 

in England on water falls, and after the Dutch manner, n J) 
cannot fail of being a great national advantage. The . 0nilcu"' 
chatellanie or feigneurie of Lille alone makes annually 
between 30,000 and 40,000 barrels, each containing a- 
bout 26 gallons. 

What is here delivered is only a fketch. Every per- 
fon acquainted with machinery will underftand the ge- 
neral movements and operations. But the intelligent 
mechanic well knows, that operations of this kind have 
many minute circumftances which cannot be deferibed, 
and which, neverthelcfs, may have a great influence on 
the whole. The rakes in the bruifing-mill have an 
office to perform which refembles that of the hand, di- 
re&ed by a careful eye and unceafing attention. Words 
cannot communicate a clear notion of this; and a mill, 
conftruffed from the beft drawings, by the moft fkilful 
workman, may gather the feed fo ill, that the half of 
it ftiall not be bruifed after many rounds of the machi- 
nery. This produces a fcanty return of the fineft oil; 
and the mill gets a bad charaffer. The proprietor lofes 
his money, is difeouraged, and gives up the work.— 
There is no fecurity but by procuring a Dutch mill- 
wright, and paying him with the liberality of Britons. 
Such unhoped-for talks have been performed of late 
y'ears by machinery ; and mechanical knowledge and 
'vention is now fo generally diffufed, that it is highly 
probable that we fhould foon excel our teachers in this 
branch. But this very diffufion of knowledge, by en- 
couraging fpeculation among the artifts, makes it a ftill 
greater rifle to ereft a Dutch oil mill without having a 
Dutchman, acquainted with its moft improved prefent 
foim, to condudt the work. We do our duty in giving 
this counfel. 

OKU-jesso. See Segalien in thf? Sappl. 
OMPHALOP 1 ER, or OiMphaloptic, in optics,- 

a glafs that is convex on both fides, popularly called a 
convex lens. 

ON1SCUS. See Encycl.—Two new fpecies of this i 
genus of infefts were difeovered by La Martiniere, the 
naturalift who accompanied Peroufe on his laft voyage 
of diicovery. lor the information of fuch of our read- 
ers as are entomologifts, we lhall give the author’s de- 
i'eription of thefe fpecies. Of the firft, which he fays 
only nearly aiifwers to the generic chara6f:er of onifeus, 
E (fig- I-) *s a view of the upper part of its body, and Plate 
at F of the lower. Its body is cruftaceous, and of an XXXif, 
opaque white, with two round ruft-coluured fpots on 
the anterior part of its corflet; two others, much lar- 
ger, in the form of a crefcent, are on the elytra ; its 
fhicld is alfo of the fame colour. The under part of 
the thorax is furnifhed with four pair of legs : the firft 
and third of which are terminated with (harp claws ; the 
fecond, from its form, ferves it to fwim with ; the fourth 
is very fmall, conlifting of two membranaceous threads. 
Some feales, alfo membranaceous and very channelled 
may alfo perform the office of legs: of thtfe the two 
lower are the largeft. Its belly is filled with vermicular 
inteftines of the lize of a hair ; its mouth is placed be- 
tween the firft and fecond pair of legs, and is of the 
form of a fmall trunk placed between two lips, joined 
only at the upper extremity. 

Fig. 2. reprefents an infefr of the genus onifeus, , 
Linn. Its body is nearly of the form, confiftence, and 
colour, of the onifeus afellus, except that it is not di- 

, vided-. 
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Opaque, vided by fegments as this laft is. It has a double tail, 
0Pai0, . three times as long as the body ; from the infertion of 

which, at the hinder part of the body, fpring two legs, 
ufed chiefly by the animal in fwimming upon its back. 
The infeft, viewed on the lower part H, prefents fix 
pair of legs ; the two firft of which terminate in very 
fharp and thick points ; it makes ufe of the third to 
fwim with, and to balance its body, together with that 
pair which is inferted at the bafe of the tail; the fourth 
pair, and the largeft of all, is armed with two very iharp 
points, which the animal forces into the body of any 
fifh on which it feizes ; the two lail pair are nothing 
more than very finely divided membranes. Between 
the two firft is fituated its trunk, fmooth, and about 
half a line long ; at the bafe of the third pair are two 
points, of a horny confiftence, very hard, and firmly 
fixed. The two horns alfo below the large pair of legs 
are, in like manner, very firmly united to its body. 
Martiniere imagines it to be by means of thefe darts 
that it pierces the body of the fiih on which it is found, 
and that then, changing it fituation, it finds means to 
introduce its trunk into the holes thus formed, When 
put into a glafs it finks to the bottom, and rifes again 
to the furface with the greateil cafe, advancing with 
the edge of its body, and defcribing curves. Its two 
long tails are very eafily pulled off, without the animal 
appearing to fuffer any pain. 

OPAQUE, not tranflucent, nor tranfparent, or not 
admitting a free paffage to the rays of light. 

OPARO or Opar.ro, the name given by Captain 
Vancouver to a fmall iiland which he difcovered in la- 
titude 270 36' fouth, and in longitude 2I5°49' eaft 
from Greenwich. It was eftimated at about 6±- miles 
in length, and no other land was in fight. Its principal 
character is a clufter of high craggy mountains, form- 
ing, in feveral places, moll romantic pinicles, with per- 
pendicular cliffs nearly from their fummits to the fea : 
the vacancies between the mountains would more pro- 
perly be termed chafms than valleys. The tops of fix 
of the higheft hills bore the appearance of fortified 
places, refembling redoubts ; having a fort of block- 
houfe, in the lhape of an Englilh glafs-houfe, in the 
centre of each, with rows of pallifadoes a confiderable 
way down the tides of the hills, nearly at equal di- 
ftances. Thefe overhanging, feemed intended for advan- 
ced works, and apparently capable ot defending the cita- 
del by a few againft a numerous hoft of affailants. On 
all of them people were noticed as if on duty, conftantly 
moving about. What we confidered (fays the author) as 
block-houfes, from their great iimilarity in appearance to 
that fort of building, were fufficiently large to lodge a 
confiderable number of perfons, and were the only ha- 
bitations we faw. Yet, from the number of canoes that 
in fo fhort a time affembled round the Englilh ftup, it 
is natural to conclude, that the inhabitants are very fre- 
quently afloat; and to infer, that the fliores, and not 
thofe fortified hills which appeared to be in the centre of 
the iiland, would be preferred for their general relidence. 

Whether the fortified places here deferibed were in- 
tended for defences of the illanders againft each other, 
or againft attacks from feme more powerful neigh- 
bours, could only be conjectured ; but the latter idea 
feems the moll probable. From the language of the 
people, and their refemblance to the Friendly iflanders. 
Captain Vancouver confiders them alt’as-hving fprung 
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from the fame original ftock. The people of Oparo, Open 
however, are diftinguilhed by two circumftancer, cer- II 
tainly in their favour. Not one of them was cattowed ; . Qljhr)'s’ 
and though they appeared not to have ever feen a Eu- 
ropean before, they all feemed perfe&ly well acquainted 
with the ufes to which they could apply iron, and pre- 
ferred articles of it to looking glaffes, beads, and other 
trinkets, with which favages axe ufually delighted. 
Though there appeared to be anchoring ground near 
the nonh-weft end of the ifland, circumftances rendered 
it inconvenient for Captain Vancouver to land on it; 
fo that we are yet in a great meafure ftrangers to the 
difpofitions of the people, though they appeared to be 
hofpitable. 

OPEN Flank, in fortification, is that part of the 
flank which is covered by the orillon or Ihoulder. 

OPENING of the Trenches, is the firft breaking of 
ground by the befiegers, in order to carry on their ap- 
proaches towards a place. 

OPERA Glass, is a diagonal perfpeftive, of which 
the following concife and perfpicuous defeription is ta- 
ken from Dr Hutton’s Mathematical Dictionary.— 
ABCD (Plate XLI.) reprefents a tube about four 
inches long ; in each fide of which there is a hole 
EF and GH, exaClly againft the middle of a plane 
mirror IK, which reflects the rays falling upon-it to 
the convex glafs LM ; through which they are re- 
fraCted to the concave eye-glafs NO, whence they e- 
merge parallel to the eye at the hole r s, in the end of 
the tube. Let P a Q^be an objeCt to be viewed, from 
which proceed the rays Y c, a b, and Q^j/* thefe rays, 
being reflected by the plane mirror IK, will (hew the 
objeCl in the direction cp, b a, d q, in the image p q, 
equal to the objeCt PQ^) aud as far behind the mirror as 
the objeCt is before it : the mirror being placed fo as 
to make an angle of 45 degrees with the iides of the 
tube. And as, in viewing near objeCts, it is not necei- 
fary to magnify them, the focal diltances of both the 
glaffes may be nearly equal; or, if that of LM be three 
inches, and that of NO one inch, the dillance between 
them will be but two inches, and the objedt will be 
magnified three times, being fuflicient for the purpofes 
to which this glafs is applied. 

When the objeCt is very near, as XY, it is viewed 
through a hole xy, at the other end of the tube AB, 
without an eye-glafs; the upper part of the mirror be- 
ing polifhed tor that purpofe as well as the under. The 
tube unferews near the objeCt-glafs LM, for taking out 
and cleaning the glaffes and mirror. The polition of 
the objedt will be eredt through the concave eye-glafs. 

The peculiar artifice of this glafs is to view' a perfon 
at a fmall diitance, to that no one fhall know who is 
obferved ; for the inftrument points to a different ob- 
jeCt from that which is viewed ; and as there is a hole 
on each fide, it is impofiible to know on which hand 
the objeCt is fituated which you ai-e viewing. It is 
chiefly uied in play-houfes ; and hence its name : but 
we have feen it moll indecently employed by thofe who 
fhould have fet a better example, even in a cathedral 
church ! 

OPHRYS (See Encycl.), A new fpecies of this 
plant has been lately delcribed in the Annual Hampjhire 
Repofitory, by a Fellow of the Linnean Society, in the 
following words: 

“ C/m—about 12 inches high, ereCt, ftipulate, geni- 
culate. 
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1 loium8’ rU-lat,e’ Pubefcent

r 
at the uPPer genicles. ftriaiy 

v ipn-al, flowers fpirally afcending, about 24, brightly 
white. Upper pietal ovato acuminate, pubefcent, light- 
ly ciliate, llraight. 1 wo middle petals oblong-recurved, 
iwo lower petals oblong-acuminate, lightly ciliate only 
on the lower fide near thebafe, projeding like elephant’s 
talks. Nedary, broad, recurved, ragged, bicipitate. 

. LeavesJloral carinate acuminate, ciliate reaching and 
pointing to the middle of the flowers. Leaves radical — 
live or fix, about fix inches long, narrow, attenuate 
both ways, acuminate, the lower more haftate. Leaves 
cauline — lanceolate, alternate. 

“ Obfervation —This plant has much the habit, as 
well as autumnal florefcence, of Oriental fpiralis, and is 
fo perfedly fpiral alfo, that the fpecific name of the 
other fhould be altered, as being no longer exclufively 
fpi.al ; at the lame time that a fpecific name fhould be 
given to this : neither of which (fays the author) I fhall 
prefume to do, but lhall fugged it to the Linnean So- 
ciety, of which I have the honour to be a Fellow.”— 
This ophrys flowered, for the firft time, it is believed, 
m England, in tlampfhire, O&ober 1796. 

OPHIUCUS, a conftellation of the northern hemif- 
phere ; called alfo Serpentarius. 

OPiUM (See Encycl.), is a medicine of fuch intrin- 
fic value, and of fo high a price, that every method 
which promifes to increafe the quantity in the market 
mud be of importance. It was therefore, with much 
propriety, that Lhe Society for the Encouragement of Arts, 

r ' C time ag°» voted 5® guineas to Mr John Ball of Wilhton, Somerfetfhire, for the difcovery of his me- 
thod of preparing opium from poppies of the growth of 
Fngland. 1 he poppies, which he recommends as the 
mod produdive, are the double or femi-double, of a dark 
colour ; the feeds of which he advifes to be fown the 
latter end of February, and again about the fecond week 
m March, in beds three feet and a half wide (well pre- 
pared with good rotten dung, and often turned or 
ploughed, in order to mix it well, and have it fine), 
either in fmall drills, three in each bed, in the manner 
lallads are fown, and when about two inches high, to 
thin them one foot apart ; or otherwife, to fow them 
in beds, in the broad-cad way, and thin them to the 
fame didance. If they be kept free from weeds, they 
wnl grow well, and will produce from four to ten heads, 
inewing large and different coloured flowers; and when 
their leaves die away, and drop off, the pods then be- 
ing in a green date, is the proper time for extrading 
the opium, by making fuch longitudinal incifions as are, 
tor this purpofe, made in the ead (See Opium and Pa- 
paver, Encycl.). Immediately on the incifion being 
made, a milky fluid will iffue out ; which is the opium, 
and which, being of a glutinous nature, will adhere to 
the bottom of the incifion ; but fome poppies are fo 
productive, that it will drop from the pod on the leaves 
underneath The next day, if the weather fhould be 
fine, and a good deal of funfhine, the opium will be 
found a greyifh fubdance, and fome aimed turning 
black: it is then to be feraped from the pods, and (if 
any there) from the leaves, with the edge of a knife or 
other mdrument for that purpofe, into pans or pots; 
and in a day or two it will be of a proper confidence 
to make into a mafs, and to be potted. 

According to Mr Ball, fields cannot be fown with 
any tiling more lucrative to the farmer than poppies, 
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efpecially if thofe fields have a fouth expofure. “ By Optic, 
a calculation (fays he) which I have made, fuppofing 0i'an' 
one poppy to grow in one fquare foot of earth, and to "““■'V—^ 
produce only one grain of opium, more than L.jo will 
be colledttd from one datute acre of land : but if we 
confider that one poppy produces from three or four to 
ten heads, that in each head from fix to ten incifions 
may be made, and that from many of them (I mean 
from one incifion) I have taken away two or three 
grams of opium—What mud then be the produce 

Mr Ball produced to the Society letters from Dr 
Tat ham of Bedford-row, Dr Pearfon of Leicefler- 
fquare, and Mr Wilfon of Bedford-dreet, declaring, 
that, in their opinion, his Englifli opium is equal in ef- 

ard Superior in purity, to the bed foreign opium. 
. DP IIC Inequality, in adronomy, is an apparent 
irregularity in the motions of far didant bodies ; fo call- 
ed, becaufe it is not really in the moving bodies, but 
aniing from the fituation of the obferver’s eye. For if 
the eye were in the centre, it would always fee the mo- 
tions as they really are. 

Of tic Pyramid, in perfpe&ive, is a pyramid formed 
by the viiible object which is the bafe, and the rays 
drawn from the perimeter of (hat objea,‘ which meetatthe 
eye m a point, which is the apex of the pyramid. Hence, 
alfo, we may know what is meant by an optic triangle. 

Optic Rays, particularly means thofe by which an 
optic pyramid, or optic triangle, is terminated. 

ORAN, a confiderable city, occupied by the Spa- 
niards, in the province of Mafcara, in the country of 
Algiers. It has drong and regular fortifications, and 
can eafily be fupplied from Spain with provifions and 
warlike dores. It lies in 35' of longitude wed from 
Greenwich, and in 330 55 north latitude. Since the 
year 1732, the Spaniards have held uninterrupted pof- 
feffion of Oran. It has a parifh-church, three mona- 
denes, an hofpital: and the number of the inhabitants, 
according to the account given of it by the Spaniards, 
amount to 12,000. Towards the fea, the city rifes in 
the form of an amphitheatre, and is furrounded with 
forts and batteries. Clofe to the city lies a drong cadle, 
Alcazava, in which the Spanifli governor refides On 
the highed hill dands Fort St Croix, whofe guns com- 
mand the city and the adjacent country. From this 
foit they make lignals of the approach of fliips, and 
carefuhy watch the motions of the Moors, who often at- 
tempt predatory incurfions into the neighbouiing di- 
dri&s. . A coniiderable number of Mahomedans take 
refuge in Oran ; they dwell in adidindt part of the ci- 
ty, receive pay from the court of Spain, and render fig- 
nal fervices againd the Moors. The greated part of 
the inhabitants of Oran confids of fuch as have been 
bamfhed from Spain ; and the fame may, in a great 
meafure, may be faid of the foldiers who compofe the 
garnfon. Five regiments are commonly dationed here ; 
but owing to continual defertion, their drength fcarcely 
equals that of four complete regiments. One of them 
wholly confids of malefadtors, who have been condemn- 
ed to remain here for life ; the red are fuch as have been 
tranfported for one or more years. There is here likewife 
a military fchool. Around the city are pleafant gardens - 
but it is very dangerous to cultivate them, on account 
of the Moors and Arabs, who frequently lie in ambufh 
among them. The fame reafon prevents the cultiva- 
tion of the fields in the vicinity; and the garrifon and 

^r inha- 
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Orange, inhabitants nulft be fupplied with proviiions immediate- principles we are pledged 

1 r o • ’ ’ ' ^ ly trom hpain. 
ORANGE-Men, an appellation affumed by certain 

focieties in Ireland, of which the firft was formed in 
the county of Armagh, on the 21ft of November 1795, 
others in fome towns of UKter and Leinller in the year 
1797, another in the city of Dublin 1798 ; and fince 
that period, thefe focieties have fpread over the whole 
of our filler kingdom. The objeft of thefe aflbciations 
is exhibited in the following authentic Declaration of 
the Principles of Orange-men, publilhed 1799. 

“ From the various attempts that have been made to 
poifon the public mind, and flander thofe who have had 
the fpirit to adhere to their king and conllitution, and 
to maintain the laws :— 

“ We, the Proteftants of Dublin, affuming the name 
of Orange-men, feel ourfelves called upon, not to vin- 
dicate our principles, for we know that our honour and 
loyalty bid defiance to the {hafts of malevolence and dif- 
affedlion, but openly to avow thofe principles, and de- 
clare to the world the objedls of our inllitution. 

“ We have long obferved, with indignation, the ef- 
forts that have been made to foment rebellion in this 
kingdom, by the feditious, who have formed themfelves 
into focieties, under the fpecious name of United Irifh- 
men. 

“ We have feen with pain the lower orders of our 
fellow-fubje&s, forced or feduced from their allegiance, 
by the threats or machinations of traitors. 

“ And we have viewed with horror the fuccefsful ex- 
ertions of mfcreants, to encourage a foreign enemy to 
invade this happy land, in hopes of rifing into confe- 

uence on the downfal of their country. 
« We therefore thought it high time to rally round 

the conftitution, and there pledge ourfelves to each 
other, to maintain the laws, and fupport our good king 
againll all his enemies, whether rebels to their God or 
to their country ; and by fo doing, fhew to the world 
that there is a body of men in this ifland, who are rea- 
dy, in the hour of danger, to Hand forward in defence 
of that grand palladium of our liberties, the conftitution 
of Great Britain and Ireland, obtained and eftablilhed 
by the courage and loyalty of our anceftors under the 
Great King William. 

“ Fellow fubje&s, we are accufed with being an infi- 
tution, founded on principles too {hocking to repeat, 
and bound together by oaths, at which human nature 
may fhudder: but we caution you not to be led away 
by fuch malevolent falfehoods ; for we folemnly aflure 
you, in the prefence of the Almighty God, that the 
idea of injuring any one, on account of his religious o- 
pinion, never entered into our hearts : we regard every 
loyal fubjedl as our friend, be his religion what it may ; 
vve have no enmity but to the enemies of our country. 

“We further declare, that we are ready, at all times, 
to fubmit ourfelves to the orders of thofe in authority 
under his Majefty, and that we will cheerfully under- 
take any duty which they {hall think proper to point 
out for us, in cafe either a foreign enemy {hall dare to 
invade our coafts, or that a domeftic foe {hall prefume to 
raife the ftandard of rebellion in the land. To thefe 

R C 
r r„_ ... . t o and in fupport of them we Orchard. 
are ready to fpend the laft drop of our blood—(Signed) '"“v*— 
Thomas Verner, Grand Mafter ; John Clau. Beresford, 
Grand Secretary ; William James, J. De Joncourt, Ed- 
ward Ball.” 

ORCHARD. As an appendix to this article in 
the Encycl. fome of our readers will be pleafed with the 
following means, employed by the Rev. Mr Germer- 

Jhaufcn, for promoting the growth of young trees, and 
increafing the fize and flavour of the fruit in or- 
chards. 

Having planted feveral young plum trees in an or- 
chard, he covered the ground, for fome years, around 
the trunks, as far as the roots extended, with flax-ihows 
( a ) ; by which means thefe trees, though in a grafs- 
field, increafed in a wonderful manner, and far excelled 
others planted in cultivated ground. As far as the 
{hows reached, the grafs and weeds were choaked ; and 
the foil under them was fo tender and foft, that no bet- 
ter mould could have beeen wiftied for by a florift. 

When he obferved this, he covered the ground with 
the fame fubftance, as far as the roots extended, around 
an old plum-tree, which appeared to be in a languilhing 
ftate, and which flood in a grafs-field. The confequen- 
ces were, that it acquired a ftrong new bark ; produced 
larger and better-tailed fruit ; and that thofe young 
{hoots, which before grew up around the item, and 
which it was every year neceflary to deftroy, were pre- 
vented from fprouting forth, as the covering of flax- 
{hows impeded the free accefs of air at the bottom of 
the trunk. 

In the year 1793, he tranfplanted, from feed-beds, 
into the nurfery, feveral fruit-trees ; the ground around 
fome of which he covered, as above, with flax-fhows. 
Notwithftanding the great heat of the fummer, none of 
thofe trees where the earth was covered with {hows died 
or decayed ; becaufe the {hows prevented the earth un- 
der them from being dried by the fun. Of thofe trees, 
around which the ground was not covered as before 
mentioned, the fourth part mifearried ; and thofe that 
continued alive were far weaker than the former. 

The leaves which fall from trees in autumn may alfo 
be employed for covering the ground in like manner ; 
but ftones, or logs of wood, muft be laid on them, to 
prevent their being difperfed by the wind. In grafs- 
land, a fmall trench may be made around the roots of 
the tree, when planted, in order to receive the leaves. 
If flax-lhows are ufed, this is not neceflary ; they lie on 
the furface of the ground fo fall as to refill the force 
of the moft violent ftorm. The leaves which our au- 
thor found moft effe&ual in promoting the growth and 
fertility of fruit trees, are thofe of the walnut-tree. 
Whether it is, that, on account of their containing a 
greater abundance of faline particles, they communicate 
manure to the ground, which thereby becomes tender 
under them ; or that they attraft nitrous particles from 
the atmofphere ; or that, by both thefe means, they 
tend to nourifli the tree both above and below. 

Thofe who are defirous of raifing tender exotic trees 
from the feed, in order to accuftom them to our climate, 
may, when they tranfplant them, employ flax-fliows 

with 

(a) Shows are the refufe of flax when it is fcutched or heckled. 
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OreHilU with great advantage. This covering wdll prevent the 

II > frolt from making its way to the roots; and rats and 

'wheeTS IT11"ce» 011 account °f the flrarp prickly points of the 
_ flax-firows, will not be able to (belter themfelves under 

them. 
ORCHILLA, a weed ufed in dyeing, which grows 

in the Canary idands, and is monopolized by the govern- 
ment. “ It is a minute vegetable (fays ciir George 
Staunton), of the lichen kind, growing chiefly upon 
rocks of a loofe textyre, and produces a beautiful vio- 
let blue colour.,> 

ORDEAL. See this article in the Encyclopedia^ at 
the end of which we have given, from Dr Henry’s Hi- 
ftory of England, fome llrong reafons for fufpedling 
that the ordeal, by lire at lead, was a grofs impofition 
on the credulity of an ignorant and fuperditious age. 
This fufpicion of impodure is raifed to certainty by 
Profeflbr Beckmann, who, in his Hidory of Inventions, 
gives us the whole procefs by which the clergy con- 
ducted the trial, and brought proofs of innocence or of 
guilt at their pleafure. The perfon accufed was put 
entirely under their management for three days before 
the trial, and for as many after it. They covered his 
hands (when he was to lift red-hot iron) both before 
and after the proof; fealed and unfealed the covering. 
The former was done, as they pretended, to prevent the 
hands from being prepared any how by art ; the latter, 
that it might be accurately known whether or not they 
were burnt. 

Some artificial preparation was therefore known, elfe 
no precautions would have been neceflary. It is high- 
ly probable, that during the three fird days the preven- 
tative was applied to thofe perfons whom they wilhed 
to appear innocent; and that the three days after the 
trial were requifite to let the hands refume their natural 
flate. The facred fealing fecured them from the exami- 
nation of prefumptuous unbelievers ; for to determine 
whether the hands were burnt, the three lad days were 
certainly not wanted. When the ordeal was abolilhed, 
and this art rendered ufelefs, the clergy no longer kept 
it a fecret. In the 13th century, an account of it was 
publilhed by Albertus Magnus, a Dominican monk (a). 
If his receipt be genuine, it feems to have confided ra- 
ther in covering the hands with a kind of pade than in 
hardening them. The fap of the althea (marfhmallow), 
the (limy feeds of the flea-bane, which is dill ufed for 
ftiffening by the hat-makers and filk-weavers, together 
with the white of an egg, were employed to make the 
pade adhere. And by thefe means the hands were as 
fafe as if they had been fecured by gloves. 

ORFFYREUS’s Wheel, in machanics, is a ma- 
^ , chine fo called from its inventor, which he aflerted to 

'iff ion ary ke a perpetual motion. This machine, according to the 
account given of it by Gravefande, in his Oeuvres Phi- 
lofophiques, publidied by Allemand, Amd. 1774, con- 
fided externally of a large circular wheel, or rather 
drum, 12 feet in diameter, and 14 inches deep ; being 

very light, as it was formed of an aflemblagc of deals,C 
having the intervals between them covered with waxed 
cloth, to conceal the interior parts of it. The two ex- v 
tremities of an iron axis, on which it turned, reded on 
two fupports. On giving a flight impulfe to the wheel, 
in either dire&ion, its motion was gradually accelerated ; 
fo that, after two or three revolutions, it acquired fo 
great a velocity as to make 25 or 26 turns in a minute. 
This rapid motion it actually preferved during the fpace 
of two months, in a chamber of the Landgrave of 
Hefle, the door of which was kept locked, and fealed 
with the Landgrave’s own feal. At the end of that time 
it was flopped, to prevent the wear of the materials. 
The Profeflbr, who had been an eye-witnefs to thefe 
circumdances, examined all the external parts of it, and 
was convinced that there could not be any communica- 
tion between it and any neighbouring room. Orffy- 
reus, however, was fo incenfed, or pretended to be 
fo, that he broke the machine in pieces ; and wrote 
on the wall, that it was the impertinent curiofity of 
Profeflbr Gravefande which made him take this dep. 
The Prince of Hefle, who had feen the interior parts 
of this wheel, but fworn to fecrecy, being aflced by 
Gravefande, whether, after it had been in motion for 
fome time, there was any change obfervable in it, and 
whether it contained any pieces that indicated fraud or 
deception ? anfwered both quedions in the negative, 
and declared, that the machine was of a very Ample 
conflruflion. 

ORICOU, a new fpecies of the vulture, difcovered 
by Vaillant at Orange river in South Africa. As he 
thinks it unquedionably the mod beautiful of its genus, 
and tells us, as ufual with him, a wonderful dory about 
it, we have given a figure of this vulture in Plate XLI. 
Our traveller fays, that it is more than three feet high, 
and eight or nine in breadth of wing. Its feathers, the 
general hue of which is a light brown, are of a particu- 
lar kind on the bread, belly, and fides, where they are 
of unequal lengths, pointed, curved like the blade of a 
fabre, and bridle up didinft from each other. The 
feathers being thus feparated, would difclofe to view 
the fkin on the bread, if it were not completely covered 
with a very thick and beautiful white down, which is 
eafily feen between the ruffled plumage. 

A celebrated naturaliil has faid, that “ no bird has 
eye-lafhes or eye-brows, or, at lead, hair round the eyes 
like that in quadrupeds.” This aflertion, advanced as 
a general law of Nature, is a midake. Not only the 
oricou has this peculiarity, but we know of many other 
fpecies in which it exids ; fuch as, in general, all the 
calaos, the fecretary, and feveral other birds of prey. 
Befide thefe eye-la(hes, the vulture in queflion has Aiff 
black hairs on its throat. All the head and part of the 
neck are bare of feathers ; and the naked (kin, which is 
of a reddilh colour, is daflied in certain places with blue, 
violet, and white. The ear, in its external circumfer- 
ence, is bounded by a prominent (kin, which forms a 

R r 2 , fort 

(a) In his work De Mirabililus Mundi, at the end of his book De Secretis Mulierum^ Amdelod. 1702, 
i2mo, p. 100. Experimentum mirabile quod facit hominem ire in ignem fine Itefione, vel portare ignem vel 
ferrum ignitum fine lasfione in manu. Recipe fuccum bifmalvae, et albumen ovi, et femen pfylli et calcem, et 
pulveriza, et confice cum illo albumine ovi fuccum raphani ; commifce ; ex hac confe&ione illineas corpus tuum 
vel manum, et dimitte ficcari, et poflea iterum illineas, et pod hoc poteris auda&er fuflinere ignem fine nocu- 
mento. 

'.-(Tyreu*’* 
Wheel, 
Oricou. 
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Oncou fort of rounded conch, that mull neceffarily heighten the 

Orotova ^acu^y hearing in this fpecies. This kind of conch 
‘ is prolonged for fome inches, and defcends down the 

neck ; which induced our author to give it the name of 
oricou. 

Its ftrength, he fays, muft be very confiderable, if 
we may judge from its mufcles and linewrs ; and he is per- 
luaded, that there is not a llronger among the whole 
order of carnivorous birds, not excepting the famous 
condor, which fo many travellers have feen, but of which 
their defcriptions are fo different as to render its exig- 
ence extremely doubtful. But there was no occafion 
for this reafoning, and thofe inferences, if what he re- 
lates as fadfs deferve any credit. The oricou which he 
defcribes, he firit perceived perched on the carcafe of a 
hippopotamos, eagerly devouring its flefh. He {hot at 
it, and wounded it flightly ; upon which, “ though it 
had already gorged itfelf with a conliderable quantity 
of flefh (for upon opening it, he found in its Itomach 
no lei’s a quantity than fix pounds and a half), yet its 
hunger and voracity were fuch, that it flruck its beak 
into the carcafe when attempting to take wing, as if 
defirous of carrying the whole of it away. 

“ On the other hand, the weight of the flefh it had 
devoured rendering it the more heavy, it could not ea* 
lily rife : fo that we had time (fays he) to reach it be- 
fore it was on the wing, and we endeavoured to knock 
it on the head with the butt-ends of our mufkets. It 
defended itfelf a long time with great intrepidity. It 
bit or ftruck at our weapons with its beak, and its 
flrength was Hill fo great, that every flroke made a mark 
on the barrel of the pieced' 

ORIENT, the eaft, or the eallern point of the ho- 
rizon. 

Orient EquinoSial, is ufed for that point of the ho- 
rizon where the fun rifes when he is in the equinodtial, 
or when he enters the figns Aries and Libra. 

Orient jleflival, is the point where the fun rifes in 
the middle of fummer, when the days are longeft. 

Orient Hybernal, is the point where the fun rifes in 
the middle of winter, when the days are fhortell. 

OROTAVA, a towm in the illand of Teneriffe, at 
the bottom of thofe mountains out of which the Peek 
rifes, neatly built of Hone, on an irregular furface. The 
molt remarkable objedt near it is a dragon’s blood tree, 
of which the trunk meafures, at the height of ten feet 
from the ground, 36 feet in girth. Concerning this 
tree there is a tradition current in the ifland, that it ex- 
ifled, of no inconfiderable dimenlions, when the Spa- 
niards made the conquelt of Tenerilfe, about three cen- 
turies ago ; and that it was then, what it Hill is, a land- 
mark, to dillinguilh the boundaries oflanded pofTellions 
near it- 

Dillant about three miles on the fea-coafl is the puer- 
to, or fea-port, of Orotava, where is carried on a confi- 
derable degree of commerce, principally for the expor- 
tation of wine. It is chiefly, as at Madeira, in the 
hands of a few Britifh commercial houfes, which im- 
port, in return, the manufadtures of Great Britain. 
Within a mile is a colledlion of living plants from Mex- 
ico, and other parts of the Spanifh dominions in Ame- 
rica. From hence they are to be tranfplanted into 
Spain. It is an eftablifhment of fome expence ; and, 
whatever may be its fuccefs, it fhews a laudable atten- 
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tion, on the part of that government, to the promotion Qrotchp, 
of natural knowledge. k——-y—j 

OROTCHYS and Bitchys, two tribes of Tartars, 
who were vifited by La Peroufe in 1787, and of whofe 
manners he gives fuch an account as renders it difficult 
to fay whether they have the bell claim to be called a 
favage or a civilized people. He fell in with a fmall 
village of them on the eaft coaltof Tartary, in a bay to 
which he gave the name of Bate de Caflrie, in Lat. 51a 
29' North, and Long. 1390 39' Eaft from Paris. 

Their village, their employment, their drefs, and their 
apparent ignorance of all religion, befpoke them favages. 
Their village was compofed of four cabins, built in a 
foid manner, of the trunks of fir-trees, and covered 
with bark. A wooden bench compaffed the apartment 
round about ; and the hearth was placed in the middle, 
under an opening large enough to give vent to the 
fmoke. 

This village was built upon a tongue of low marfhy 
land, which appeared to be uninhabitable during the 
winter ; but on the oppofite fide of the gulph, on a more 
elevated lltuation, and expofed to the fouth, there was, 
at the entrance of a wood, another village, confifting 
of eight cabins, much larger and better built than the 
firft. Above this, and at a very fmall diftance, wTere 
three yourts, or fubterraneous houfes, pcrfeftly fimilar 
to thofe of the Kamtfchadales, deferibed in the third vo- 
lume of Captain Cook’s laft voyage ; they were exten- 
five enough to contain the inhabitants of the eight ca- 
bins during the rigour of the cold feafon ; befides, on 
fome of the fkirts of this village were feen feveral tombs, 
which were larger and better built than the houfes; 
each of them enclofed three, four, or five biers, of a 
neat workmanfhip, ornamented with Chinefe fluffs, 
fome pieces of which were brocade. Bows, arrows, 
lines, and, in general, the moft vahtkble articles of thefe 
people, were fufpended in the interior of thefe monu- 
ments, the wooden door of which wras clofed by a bar, 
fupported at its extremities by two props. 

Their foie employment feemed to be the killing and 
curing of falmon, of which they eat raw, the fnout, the 
gills, the fmall-bones, and fometimes the entire fkin, 
which they ftript off with infinite dexterity. When 
the ftript falmon were carried to the huts, the women, 
in the moft difgufting manner, devoured the mucilagi- 
nous part of them, and feemed to think it the moft ex- 
quifite food. Every cabin was furrounded with a dry- 
ing place for falmon, which remain upon poles, expofed 
to the heat of the fun, after having been during three 
or four days fmoked round the fire, which is in the 
middle of their cabin ; the women, who are charged 
with this operation, take care, as foon as the fmoke has 
penetrated them, to carry them into the open air, 
where they acquire the hardnefs of wood. 

The bones of the falmon fo cured were fcattered, and 
the blood fpread round the hearth ; greedy dogs, 
though gentle and familiar enough, licked and devour- 
ed the remainder. The naftinefs and flench of thi» 
people are difgufting. There is not perhaps anywhere 
a race of people more feebly conflituted, or whofe fea- 
tures are more different from thofe forms to which we 
attach the idea of beauty ; their middle ftature is below* 
four feet ten inches, their bodies are lank, their voices 
thin and feeble, like that of children ; they have high 

cheek 
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ntchys. cheekbones, fmall blear eyes, placed diagonally ; a large 
~r—J mouth, flat nofe, fliort chin, almoft beardlefs, and an 

olive-coloured fkin, varniflied with oil and fmoke. They 
fufFer their hair to grow, and tie it up nearly the fame 
as we do; that of the women falls loofe about their 
flioulders, and the portrait which has juft been drawn 
agrees equally well with their countenances as thofe of 
the men, from whom it would be difficult to diftinguifh 
them, were it not for a flight difference in the drefs, 
and a bare neck ; they are not, however, fubje&ed to 
any labour, which might, like the American Indians, 
change the elegance of their features, if nature had fur- 
nifhed them with this advantage. Their whole cares 
are limited to the cutting and fevving their clothes, dif- 
pofing of their fiffi to be dried, and taking care of their 
children, to whom they give the bread till they are three 
or four years of age. 

With refpeft to drefs, the men and little boys are 
clothed with a waiftcoat of nankeen, or the flcin of a 
dog or a fiffi, cut in the ffiape of a waggoner’s frock. 
If it reach below the knee, they wear no drawers ; if it 
do not, they wear fome in the Chinefe ftyle, which fall 
as low as the calf of the leg. All of them have boots 
of feaPs fldn, but they keep them for the winter ; and 
they at all times, and of every age, even at the breaft, 
wear a leather girdle, to which are attached a knife in 
a flieath, a fteel to ftrike a light with, a pipe, and a 
fmall bag to contain tobacco. The drefs of the women 
is fomewhat different ; they are wrapped up in a large 
nankeen robe, or falmon’s Ikin, which they have the 
art of perfeftly tanning, and rendering extremely fupple. 
This drefs reaches as low as the ankle-bone, and is 
fometimes bordered with a fringe of fmall copper orna- 
ments, which make a noife fimilar to that of fmall bells. 
Thofe falmon, the fkins of which ferve for clothing, are 
never caught in fummer, and weigh thirty or forty 
pounds. 

Though they had neither priefts nor temples, they 
feemed to be believers in forcery, and took the motion 
of the Frenchmens hands, when writing, for figns of 
magic. Thus far they appeared favages. 

Their facred regard of property, their attention to 
their women, and the delicacy of their politenefs to 
ftrangers, would, on the other hand, do honour to the 
moft civilized nation. While Peroufe and his people 
were in the bay, one of the families took its departure 
on a voyage of fome length, and did not return during 
their ftay. When he went away, the mailer of the fa- 
mily put fome planks before the door of his houfe, to 
prevent the dogs from entering it, and in this ftate left 
it full of their effefts. “ We were foon (fays our au- 
thor) fo perfectly convinced of the inviolable fidelity 
of thefe people, and their almoft religious refpeft for 
property, that we left our facks full of ftuffs, beads, 
iron tools, and, in general, every thing we ufed as ar- 
ticles of barter, in the middle of their cabins, and under 
no other feal of fecurity than their own probity, with- 
out a Angle inftance of their abufing our extreme confi- 
dence ; and on our departure from this bay, we firmly 
entertained the opinion, that they did not even fufpeA 
the exiftence of fuch a crime as theft.” 

Their attention to their women, fo uncommon among 
favages, was difplayed in their exempting them from 
hard labour ; in their never concluding a bargain with 
the Frenchmen withoutpreviouflyconfulting their wives; 
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and in their referving the pendent filver ear-rings and Orotchys 
copper trinkets, which they purchafed, for their wives II 
and daughters. Of the delicacy of their manners to ®ry^ero” 
ftrangers, we (hall give the following interefting inftance - ^ - j 

in the words of Peroufe’s tranflator : 
Obferving with what repugnance they received pre- 

fents, and how often they refufed them with obftinacy, 
“ I imagined (fays Peroufe) I could perceive, that 
they were perhaps defirous of more delicacy in the 
manner of offering them ; and to try if this fufpicion 
were well founded, I fat down in one of their houfes, 
and after having drawn towards me two little children, 
of three or four years old, and made them fome trifling 
careffes, I gave them a piece of rofe-coloured nankeen, 
which I had brought in my pocket. The moft lively 
fatisfailion was vifibly teftified in the countenances of 
the whole family, and I am certain they would have 
refuftd this prefent, had it been diredlly offered to 
themfelves. I he huffiand went out of his cabin, and 
foon afterwards returning with his moft beautiful dog, 
he entreated me to accept of it. I refufed it, at the 
fame time endeavouring to make him underftand, that 
it was more uieful to him than to me : but he infifted ; 
and perceiving that it was without fuccefs, he caufed the 
two children, who had received the nankeen, to ap- 
proach, and placing their little hands on the back of 
the dog, he gave me to underftand, that I ought not 
to refufe his children. 

“ The delicacy of fuch manners cannot exift but a- 
mong a very poliftied people. It feems to me, that the 
civilization of a nation, which has neither flocks nor 
hufbandry, cannot go beyond it. It is neceffary to ob- 
ferve, that dogs are their moft valuable property ; they 
yoke them to fmall and very light fledges, extremely 
well made, and exatlly fimilar to thofe of ttie Kamt- 
fchadales. Thefe dogs, of the fpecics of wolf dogs, 
and very ftrong, though of a middle fize, are extremely 
docile, and very gentle, and feem to have imbibed the 
chara&er of their mailers.” 

ORFHODROMICS, in navigation, is great-circle 
failing, or the art of failing in the arch ot a great circle, 
■which is the Ihorteft courfe 1 For the arch of a great 
circle is orthodromia, or the ffiorteft diftance between 
two points or places. 

ORYC FEROPUS, the name given by M. Geof- 
frey, profeffor of zoology in the French mufeum of na- 
tural hiftory, to the animal called by other zoologifts 
Myrmecophaga Capenfis. (See Myrmecophaga, En- 
cycl.) He confiders it as a diftimft genus, and feems 
indeed to have proved, by a companion of the organs 
of the orydleropus with thofe of the tatous dafipus of Lin. 
naeus, and of the rvyrmecophagi, that this genus is inter- 
mediate, by its forms and habits, between thofe two 
families. It approaches to the tatous in its organs of 
maftication, and the form of the toes and nails, and in 
having a Ihort and Angle caecum, whilft that of the myr- 
mecophagi is double, as in birds, by the reuniting of 
the bones of the os pubis, which are not articulated to- 
gether in the myrmecophagi. The ory&eropus, how- 
ever, bears a relation to the laft, fince it has, like them, 
a very fmall mouth, whence its tongue, covered with 
hair, may be protruded to a confiderable length. Fi- 
nally, the habits of the ory&eropus refemble thofe of 
the animals to which it approaches the moft ; it does 
not climb trees, but lives under the earth like the ta- 

tous ; 
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Ory&ero- tous j it feecta like them on roots, but alfo it hunts af- 

r1!1® ter anthills, like the myrmecophagi. Its fnout termi- 
Ouadclim. nates in a blunt callous ; a charafter which is peculiar 
1—to it. It may be diftinguifhed in the works of natura- 

lifts by the following defcription : 
Oryfteropus. Molar teeth (lix) with flat vertices ; 

the body covered with hair. 
The orydteropus, as appears from the preceding, con- 

nefts the tatous with the myrmecophagi and with the 
pangolin manis of Linnaeus. The large foible fpecies 
found in Paraguay, for which Citizen Cuvier has elta- 
blilhed a new genus, under the name of megaterium, is 
intermediate between the doth and the myrmecopbagus ; 
and, laftly, the aftonilhing animal of New Holland, co- 
vered with briftles like the porcupine, fupported by 
very fhort legs, and of very lingular conformation, and 
with a head round at the occiput, terminating in a fnout, 
without teeth, very (lender, long, and cylindrical, and 
defcribed by Mr George Shaw under the name of myr- 
mecophaga aculeata, appears to have very Unking rela- 
tions to the pangolin and the orydteropus ; from hence 
it follows, that in confequence of thefe important ac- 
quifitions, we ought for the future to count, in the num- 
ber of our natural orders, that of the edentated, or edent- 
ed, confiding of the following genera : Daf.pus, oryfte- 
ropus myrmecophagay and aiuleata, manist myrmecophag<7, 
megaterium et bradypus. 

OSCILLATION, in mechanics, vibration, or the 
reciprocal afcent and defcent of a pendulum. 

jixis of Oscillation, is a line parallel to the hori- 
zon, fuppofed to pafs through the centre or fixed point 
about which the pendulum ofcillates, and perpendicular 
to the plane in which the ofcillation is made. 

Centre of Oscillation, in a fufpended body, is a 
certain point in it, fuch that the ofcillations of the body 
will be made in the fame time as if that point alone 
were fufpended at that didance from the point of fufpen- 
fion. Or it is the point into which, if the whole 
weight of the body be colle&ed, the feveral ofcillations 
will be performed in the fame time as before : the ofcil- 
lations being made only by the force of gravity of the 
ofcillating body. 

OSCULATION, in geometry, denotes the contact 
between any curve and its ofculatory circle ; that is, the 
circle of the fame curvature with the given curve, at 
the point of contaft orof ofculation. See Involution 
in this Suppl. 

Osculation alfo means the point of concourfe of 
two branches of a curve which touch each other. For 
example, if the equation of a curve be y = x +v 
x3, it is eafy to fee that the curve has two branches 
touching one another at the point where x — oy becaufe 
the roots have each the figns + and —. 

OUADELIM and Labdesseba, two tribes of A- 
rabs inhabiting the Sahara or Great Defart of Africa, 
of whom almod nothing was known to Europeans till 
the publication of Briflbn’s narrative of his du’pwreck 
and captivity among the latter tribe. He defcribes the 
Ouadelim and Labdefleba as the mod formidable of all 
the interior tribes of Arabs, and as often extending their 
ravages to the very gates of Morocco. “ Their hordes 
(he fays) are frequently intermingled with thofe of the 
Roufege, Rathidium, Chelus, Tucanois, and Ouadeh 
tribes, as they have no didindt boundaries, and change 
their habitations as the defart affords padurage and wa- 
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ter. They are tall, handfome, dout, and vigorous OuacMlm, 
men. Their hair is bridled, and their nails, which 
they often ufe in battle, as long as claws ; large hang, 
ing ears and a long beard give them a dern ferocious 
air. The Ouadelim in particular are fierce, arrogant. 
and warlike, but foon difpirited by obdinate refidance, 
efpecially when they have not a decided fuperiority in 
numbers. In their hordes they lodge by families, in 
tents which are covered with a thick cloth of camels 
hair, which the women fpin and weave upon a loom fo 
fmall, that they work fitting on the ground. The fur- 
niture of their tents confid of two large facks of leather, 
in which they keep old clothes, and pieces of old iron, 
three or four goat Ikins for holding milk and water, 
two large dones for grinding their barley, a fmaller one 
for driving the pins of their tents, an ozier matting 
which ferves for a bed, a thick carpet for a covering, a 
fmall kettle, andfome wooden dilhes, with pack-faddles 
for their camels. The perfon who, befides thefe arti- 
cles, poflelfes a few horfes, camels, Iheep, and goats, is 
reckoned wealthy, as there are many Arabs who only 
poflefs Iheep and goats. Except fore eyes and the cho- 
lic, they are fubjeft to few endemic difeafes. The firll 
diforder is caufed by the reflexion of light from the 
burning fands of the defart, the other proceeds from 
the verdigreafe which contaminates all their vi&uals. 
Their kettles are not tinned, and never wadied, fo that 
they are quite cruded over with verdigreafe, the viru- 
lence of which is probably diminilhed by the quantity 
of milk they ufe. When they refide long in one place, 
they fometimes plough the fpots which are moidened 
by the rain, and fprinkle them with feed in a carelefs 
manner. Plentiful crops are often thus produced ; but 
indead of waiting till the grain attains maturity, they 
cut it down, and dry it over hot cinders. Treachery 
and perfidy are the innate vices of the Arabs ; aflaffina- 
tions are frequent; no man truds the promife of another ; 
no man makes a written agreement, as the poignard 
cancels all bonds and obligations. The men often re- 
late their exploits to each other ; the embellifhing of a 
dory is fucceeded by a charge of falfehood, and the 
poignard folves every difficulty. The ancient rites of 
hofpitality, however, are pradtifed among thefe tribes 
in their utmod extent. The Arab, who in the field is 
a rapacious plunderer, becomes liberal and generous as 
foon as he enters his tent. War is only a fpecies of 
rapine, and the vidtory is decided at the fird Ihock. 
The Arab is devoid of fanguinary courage ; he attacks 
only to plunder, and never thinks that booty is to be 
put in competition with his life. When the battle is 
ended, each party makes graves for the flain, andenclofe 
the tombs with mounds of dones. The ages of the 
warriors are denoted by the fpace of ground which the 
grave occupies, and the funeral proceffion is clofed by 
the howls of the females. 

“ The women never aflume the name of their huf- 
bands, and never eat with them at meals. They are 
faithful to their hulbands, and cannot be divorced ex- 
cept by the decree of the feniors of the horde. The 
Arabs difplay their opulence by the ornaments of their 
women, whofe ears, arms, and legs, are generally adorn- 
ed with rings of gold and filver. An Arab beauty mud 
have long teeth (hooting out of her mouth, a body ex- 
tremely thick, and limbs of the longed fize. At the 
birth of a fon, every woman, to tedify her joy, black- 
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3uadelim.'ens her face for 40 days. At the birth of a daughter, 
«— v 1 fhe only daubs the half of her face during the fpace of 

20 days. A mother treats her fon with the fame re- 
fpeft as her hufband, almoft as foon as he is able to 
walk ; die prepares his food, ferves him, and eats when 
he has finifhed his repaft. In the education of their 
young men, the moft important acquifitions are, dexte- 
rity in the ufe of the poignard, Ikill in embowelling 
their enemies with their long nails, and a plaufible air in 
uttering a falfehood. More rude and ferocious than 
the tribes whofe territories lie upon the fhore of the 
fea, the Labdefleba and Ouadelim Arabs are alfo more 
confined and illiberal in their ideas, not only believing 
that they are the firft nation in the world, but fancy- 
ing that the fun rifes only for them. Brilfon relates, 
that fome of them expreffed this idea in unequivocal 
terms. ‘ Behold (faid they) that luminary, which is 
unknown in thy country. During the night, thou art 
not enlightened, as we are, by that heavenly body, 
which regulates our days and our falls. His children 
(the liars) point out to us the hours of prayer. You 
have neither trees nor camels, Iheep, goats, nor dogs. 
Are your women fimilar to ours ?’ ‘ How long didll 
thou remain in the womb of thy mother (faid another) ?’ 
* As long (replied Brilfon) as thou in that of thine.’ 
* Indeed (faid a third, counting the fingers and toes of 
the Frenchman) he is made like us; he differs only in 
his colour and language.’ ‘ Do you fow barley in your 
houfes ?’ faid the Arabs, alluding to the Ihips of the 
Europeans. ‘ No (faid Brilfon), we fow our fields al- 
mofl in the fame feafon as you.’ ‘ How ! (cried feve- 
ral) do you inhabit the earth ? we believed that you 
were born and lived upon the fea.’ Thefe Arabs, ac- 
cording to the Turkilh proverb, believe that all the 
world is like their father’s houfe : unacquainted with 
the manners of other nations, and unaccullomed to re- 
fledl upon the caufes of national charadler, every varia- 
tion from their own culloms appears not only ridicu- 
lous, but monllrous ; every difference of opinion not 
only abfurd, but criminal. This ignorance of the A- 
rabs, conjoined with their local and religious prejudices, 
enables us to account for the infulting treatment which 
Briffon and his companions received, without having 
recourfe to inherent depravity of nature.” That treat- 
ment was indeed {hocking. 

Briffon had furrendered himfelf, on his fhipwreck, to 
Sidi Mahomet, a Talbe or priefl of the tribe of Lab- 
deffeba. During the abfence of the prieft, the Lab- 
deffeba, who guarded the captives, were attacked and 
maltreated by a party of the Ouadelims, and during the 
buflle which enfued, Briffon had almofl loft his life. 
Inftead of compaffionating his forlorn fituation, the 
women threw fand into his eyes, as they faid, to dry 
his eye-lids. The Arabs, into whofe hands he had 
fallen, had only come down to the fea-coafl to gather 
wild grain, three days before the fhipwreck ; and to 
preferve their booty, they immediately retreated to the 
interior part of the defart. A guide preceded the 
horde, to place at intervals fmall pyramids of ftone, to 
direft their courfe, at a diftance from every hoftile 
tribe. After pafling fome very high mountains, wholly 
covered with fmall greyifh pebbles as fharp as flints, 
they defcended into a fandy plain overfpread with 
thorns and thiftles. When Briffon was unable to walk, 
on account of the bleeding of his feet, he was mounted 
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on a camel ; the briftly hair and hard trot of which Ouadehm * 
foon excoriated him fo much, that the blood run co- ¥ " 
pioufly down its flanks. By throwing heated {tones 
into a wooden veffel, filled with barley meal, diluted 
with water procured on the fea-fhore, preferved in a 
goat’s fkin, and mixed with pitch to prevent putrefac- 
tion, the Arabs prepared a kind of foup, which they 
kneaded with their hands, and ate unchewed. They 
roafted a goat in heated fand, ate its fat raw, and, af- 
ter having devoured the flefti, gnawed the bones, and 
fcraped them with their nails, threw them to Briffon 
and his companions, defiring them to eat quickly, and 
load the camels, that the journey might not be impe- 
ded. Proceeding eaftvvard, they crofted a vaft plain, 
covered with fmall ftones white as fnow, round and 
flat as a lental, where not a Angle plant was produced. 
The earth beneath their feet refounded dull and hol- 
low, and the fmall ftones pricked them like fparks of 
fire. The reflection of the rays of the fun from the 
fand was fcorching ; the atmofphere was loaded with a 
red vapour, and the country appeared as if filled with 
flaming volcanoes. Neither birds nor infeCts could be 
feen in the air. The profound filence was frightful. 
If a gentle breeze ever arofe, it produced extreme lan- 
guor, chopping of the lips, burning heat of the {kin, 
with fmall fmarting pimples. This plain was even ftiun- 
ned by wild beafts. After traverfing this plain, they 
entered another, where the wind had thrown up in fur- 
rows the fand, which was of a reddifh colour. On the 
tops of the furrows grew a few fweet-fcented plants, 
which were devoured by the camels. On quitting this 
fandy plain, they entered a valley furrounded by moun- 
tains, where the foil was white and flimy, and where 
they found water of a noxious fmell, covered with 
green mofs, and foon after difcovered a horde of the 
friendly tribe Rouffye. 

After another journey of fixteen days, they arrived 
at the tents of the Labdeffeba horde, to which Sidi 
Mahomet belonged. The tents pitched among thick 
buftiy trees, and the numerous flocks feeding along the 
fides of the hills, prefented at a diftance an afpeft of 
happinefs and paftoral fimplicity. On approaching 
near, the trees of beautiful green foliage proved to be 
only old gummy {lumps, almoft void of branches, fo 
encircled with thorns that their {hade was inacceflible. 
The women approached, with loud cries and the moft; 
fawning fervility, to welcome their tyrants, to throw 
ftones at the Chriftians, and fpit in their faces, while 
the children imitated the example of their mothers. 
Briffon, who endeavoured to ingratiate himfelf with his 
mailer’s favourite, not only failed in this, but incurred 
her implacable refentment, through his irritability, 
which to the Arab women feemed extremely to re- 
femble^petulance. During his refidence with Sidi Ma- 
homet, the hardftiips he endured were almoft incredi- 
ble. With the exceftive heat, the milk of the ftieep, 
goats, and camels, diminiftied, and then the dogs fared 
better than the Chriftians, who were forced to fubfift 
on wild herbs and raw fnails. When the rains fell, and 
the leaft preffure made the water to fpring up through 
the fandy foil, the Chriftians flept behind a bufli, un- 
fheltered, on the bare ground. Briffon and his mafter 
fometimes reafoned about religion ; when the latter al- 
ways anfwered the harangues of the former by decla- 
ring, that he preferred a bowl of churned milk to fuch 

abfurdities. 



Oxyglycus, 
Oxy-Vluria- 

xtic Acid. 

OXY [ 320 ] OXY 
abfurdities. Several of his companions perifhed, and 
were left by the Arabs to be devoured by the ravens, 
while in the llruggles of death. One of them was fup- 
pofed to be murdered by his mafter for milking his ca- 
mels clandeftinely. An application made by Briffon to 
the conful at Mogador, by a letter entruiled to a Jew- 
ifh merchant, was fruftrated through the negligence of 
the vice-conful; and the Labdefleba Arabs thought the 
journey too dangerous to be encountered for the ran- 
fom of their Haves. He was, however, at laft relieved, 
through the humanity of his mailer’s brother-in-law, 
who carried him to Morocco, where his ranfom was 
paid by the Emperor, and whence he returned to France. 
For a fuller account of thefe two favage tribes, fee 
Saugnler’s and Brlffon*s Narratives ; or a very pleafing 
Hijlorical and Philofophical Sketch of the D fcoverTes, &c. 
of the Europeans in Northern and Wejlern Africa., publilh- 
ed 1799 by Symington Edinburgh, and Vernor md. Hood 
London. 

OXYGLYCUS cerasus, the name given by the 
Editor of Dalzel’s Hillory of Dahomy to a very lingu- 
lar fruit produced in that country, as well as in fome 
other parts of Africa. It refembles a fmall olive in eve- 
ry refpeft but the colour ; being of a dulky reddilh hue, 
changing at the end next the llalk to a faint yellow. 
The pulp is firm, and almoft infipid ; the Hone is hard 
like that of the olive. After having chewed one or 
more of fuch berries, and fpit out or fwallowed the 
pulp at pleafure, a glafs of vinegar will talle, to the 
perfon trying the experiment, like fweet wine ; a lime 
will feem to have the flavour of a very ripe China 
orange ; and the fame change is produced on other 
acids, the ordinary effefts of which upon the palate is 
deftroyed in a very unaccountable manner, without ef- 
fervefcence or any fenfible motion. Indeed, the effe& 
is very different from neutralization, arifing from the 
mixture of acid and alkali ; fuch combination producing 
a neutral faline liquor, whilll this miraculous berry 
feems to convert acids to fweets. Food or drink, not 
containing any ’acid, fufler no change by the previous 
ufe of this fruit; its effedl upon acids continues, even 
after a meal, though in a much fmaller degree. The 
natives ufe it to render palatable a kind of gruel called 
guddoe, which is made of bread after it becomes too ftale 
for any other purpofe. They deferihe it as the fruit 
of a large tree. 

Plants fix or feven inches high were raifed from this 
fruit by Mr Dalzel, who tried to carry them from An- 
gola to the botanic garden at St Vincent’s ; but they 
died on the pafiage. He preferved the berries in fpi- 
rits, in fyrup, and in a dry form ; but they loll their 
Angular quality in all thofe preparations. The plant is 
an evergreen, and the leaves in this infant Hate are like 
thofe of the olive. 

OXY-Mu Riatic Acid (See CHEMisxRY-/«r/e.v in 
this Suppl.), is the principal agent in the new procefs 
of bleaching (fee Bleaching, Suppl) ; but, till very 
lately, at leaft, if not even at prelent, the bleachers 
were in the practice of adding fome alkali to the acid, 
notwithftanding the ftrong obje&ions which M. Ber- 
tholet made to that addition, and notwithftanding the 
proofs urged by Mr Rupp, that it increafes the expence 
of bleaching about 40 per cent. The chief reafon for 
perfifting in a pra&ice to which fuch objections were 
urged was, that the addition of the alkali deprives the 

liquor of its fuffbeating effeCts without deftroying itsOxy-Muria. 
bleaching powers. Mr Rupp, however, has contrived aric Acid, 
the following apparatus, in which may be fafely ufed V''-J 

the pure oxy-muriatic acid limply diffblved in water, 
which is at once its cheapeft and belt vehicle. 

Figure 1. (Plate XLI.) isra fedtion of the apparatus. 
It coniifts of an oblong deal ciltern A BCD, made wa- 
ter-tight. A rib EE of afh or beech wood is firmly 
fixed to the middle of the bottom CD, being mortifed 
into the ends of the ciftern. This rib is provided with 
holes at FF, in which two perpendicular axes are to 
turn. The lid AB has a rim GG, which finks and fits 
into the ciftern. Two tubes HH are fixed into the lid, 
their centres being perpendicularly over the centres of 
the fockets FF when the lid is upon the ciftern. At 
I, is a tube by which the liquor is introduced into the 
apparatus. As it is neceffary that the fpace within the 
rim GG be air-tight, its joints to the lid, and the joints 
of the tubes, mult be very clofe ; and, if neceflary, fe.' 
cured with pitch. Two perpendicular axes KL, made 
of alh or beech wood pafs through the tubes HH, 
and reft in the fockets FF. A piece of ftrong canvas 
M is fewed very tight round the axis K, one end of 
it projecting from the axis. The other axis is provided 
with a fimilar piece of canvas. N are pieces of cloth 
rolled upon the axis L. Two plain pulleys 00 are 
fixed to the axis, in order to prevent the cloth from 
flipping down. The ftiafts are turned by a moveable 
handle P. Qjs a moveable pulley, round which pafles 
the cord R. This cord, which is faftened on the oppo- 
fite of the lid (fee fig. 2.), and pafles over the fmall 
pulley S, produces friction by means of the weight T. 
By the fpigot and fauflet V, the liquor islet off when 
exhaufted. 

The dimenfions of this apparatus are calculated for 
the purpofe of bleaching twelve or fifteen pieces of ^ 
calicoes, or any other fluffs of equal breadth and fub- 
ftance. When the goods are ready for bleaching, the axis 
L is placed on a frame in an horizontal pofition, and 
one of the pieces N being faftened to the canvas M by 
means of wooden fkewers, in the manner reprefented in 
fig. 1. it is rolled upon the axis by turning it with the 
handle P. This operation muft be performed by two 
perfons ; the one turning the axis and the other di- 
recting the piece, which muft be rolled on very tight 
and very even. When the firft piece is on the axis, the 
next piece is faftened to the end of it by fkewers, and 
wound on in the fame manner as the firft. The fame 
method is purfued till all the pieces are wound upon 
the axis. The end of the laft piece is then faftened 
to the canvas of the axis K. Both axes are afterwards 
placed into the ciftern, with their ends in the fockets 
FF, and the lid is put on the ciftern by palling the 
axis through the tubes HH. The handle P is put 
upon the empty axis, and the pulley Qjupon the axis 
on which the cloth is rolled, and the cord R, with 
the weight T, is put round it and over the pulley S. 
The ufe of the friCtion, produced by this weight, is 
to make the cloth wind tight upon the other axis. 
But as the efleCt of the weight will increafe as one cy- 
linder increafes and the other leffens, Mr Rupp recom- 
mends that three or four weights be fufpended on the 
cord, which may be taken off gradually as the perfon 
who works the machine may find it convenient. As 
the weights hang in open hooks, which are faftened to 
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)xy-Myri flie cord, it will be little or no trouble to put them on 
.ticAnd, anj to remove them. 

1 Kings being thus difpofed, the bleaching liquor is 
to be transferred from the vdfels in which it has been 
prepared into the apparatus, by a moveable tube paf- 
iing through the tube I, and defcending to the bottom 
of the ciftern. T his tube being connected with the 
veflels, by means of leaden or wooden pipes provided 
s\ith cocks, hardly any vapours will efcape in the trans- 
fer. When the apparatus is filled up to the line a, the 
moveable tube is to be withdrawn, and the tube I clofed. 
As the liquor rifes above the edge of the rim G, and 
above the tubes HH, it is evident that no evaporation 
can take place, except where the rim does not apply 
cioiely to the fides of the box ; which will, however, 
form a very trifling furface if the carpenter’s work be 
decently done. 'I he cloth is nowr to be wound from the 
axis L upon the axis K, by turning this; and when 
this is accomplifhed, the handle P and pulley O are to 
be changed, and the cloth is to be wound back upon the 
axis-L. This operation is, of courfe, to be repeated as 
often as neceflary. It is plain, that by this procefs of 
winding the cloth from one axis upon the other, every 
part of it is expofed, in the mod complete manner, to 
the affr'on of the liquor in which it is immerfed. It 
will be neceflary to turn, at firfl, very brifkly, not only 
becaufe the liquor is then the ftrongeft, but aifo becaufe 
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it requires a number of revolutions, when the axis is Oxy-Muri- 
bare, to move a certain length of cloth in a given time, dtic Acii:" 
though this may be performed by a tingle revolution 
when the axis is filled. Experience mail teach how 
long the goods are to be worked ; nor can any rule be 
given refpedting the quantity and ftrength of the liquor, 
in order to bleach a certain number of pieces. An intel- 
ligent workman will foon attain a fufficient knowledge 
ot theie points. It is hardly neceflary to obferve, that, 
it the liquor fliould retain any ftrength after a fet of 
pieces are bleached with it, it may again be employed 
tor another fet. J 

With a few alterations, this apparatus might be made 
applicable to the bleaching of yarn. If, for inftance, the 
pulley O were removed from the end of the axis K, and 
fixed immediately under the tube H;—if it were perfo- 
rated in all diredtions, and tapes or ftrings paffed thro’ 
the holes, fleams of yarn might be tied to thefe tapes un- 
derneath tne pulley, fo as to hang down towards the 
bottom of the box. The apparatus being afterwards fill- 
ed with bleaching liquor, and the axis turned, the motion 
would caufe every thread to be acted upon bv the liquor. 
Several axes might thus be turned in the fame box, and 
being connected with each other by pulleys, they might 
all be worked by one perfon at the fame time ; and as 
all would turn the fame way and with the fame fpeed, 
the ikains could not polfibly entangle each other. 

P. 

liming. T^ncaustic PAINTING is an art of very high an- 
“"V—'" J tiquity, which, after being loft for many ages, was 

reftored, as is commonly believed, by the celebrated 
Count Caylus, whofe method was greatly improved, firft 
by Mr Jofiah Colebrooke, and afterwards by Mifs 
Greenland, who brought the rudiments of her, know- 
ledge from Italy (ree Encaustic, Encycl.) In that 
country encauftic painting had employed the attention 
of various artifts and men of learning, fucli as Requeno, 
Lorgna, and Aftori, &c. ; but the beft account of it 
that has fallen under our notice, is in that valuable mif- 
cellany called the Philofophtcal Magazine^ taken from a 
work of Giov. Fabbroni, publiftied at Rome in the year 
1797- 

According to this author, “ the knowledge and ufe 
of encauftic painting is certainly older than the time of 
the Greeks and the Romans, to whom the learned Re- 
queno feems to aflign the exclufive poflefiion of this art; 
becaufe the Egyptians, wdio, with the Etrufcans, were 
the parents of the greater part of the inventions known 
among mankind, and from whom the Greeks learned fo 
much, were acquainted with and employed encauftic 
painting in the ancient ages of their greatnefs and fplen- 
dour, as is proved by the valuable fragments of the ban- 
dages and covering's of fome mummies which he had ex- 
amined. No oil-painting (he fays), of only two or three 
hundred years old, exhibits a white paint which has 
kept fo well as that feen on thefe fragments ; and this 
circumftance fufficiently proves the fuperiority of the 
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encauftic method over the common oil paintbig, which, Painting, 
notwithftanding the general opinion, cannot, he thinks,\ 
have been unknown to the ancients. 

. “ It is impoffible (fays he) that in Egypt and Phoe- 
nicia, vyhere fo much ufe was made of flax, the oil pro- 
cured in abundance from that plant fliould have been 
unknown. Thofe who have kept oil, or wdio have fpilt 
any of it, whether mit or lintfeed oil, muft have re- 
marked that it poflefles the property of foon drying by 
the effedls of the atmofphere ; and therefore it may be 
eafily believed that mankind muft foon have conceived 
the idea of employing it, particularly for*fliips, which, 
as Herodotus fays, were painted with red ochre in the 
carlieft periods, and adorned with figures and ornaments. 
The ufe of oil afforded painting a much limpler and ea- 
fier method than that of wax ; it muft therefore have 
been firft adopted, and the tranfition from oil to wax 
muft be confidered as a ftep towards bringing the art to 
perfection ; becaufe encauftic painting is not expofed 
to the irremediable inconveniences that arife in oil paint- 
ing, the value of which we extolled through ignorance, 
and praifed as a new invention. 

“ in general, and in particular drying oil which 
the painters ufe, has naturally a ftrong inclination to 
combine itfelf with the vital air or oxygen of the atmo- 
fphere, and by imbibing oxygen it becomes dry, and 
affumes the character of refin; but the colour then be- 
comes darker, as is the cafe with tranfparent turpentine 
which gradually becomes a black pitch. 

S s “ Accord- 
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<* According to the new and more accurate method 

of decompofing bodies, oil confifts principally of hy- 
drogen and carbon. By coming into contact witn the 
atmofphere, and abforbing its oxygen and light, it un- 
dero-oes a flow and imperceptible combuftion, which is 
not’effentially different from the fpeedy and violent one 
which it would undergo in the common mode of burn- 
ing. It fir ft paffes, by imbibing oxygen, into the flute 
of a more or lefs dark refin ; lofes gradually its effential 
hydrogen, which makes a new combination, and after- 
wards the oxygen itfelf which has attracted the carbon ; 
and at length leaves behind a thin layer of actual car- 
bon, which in the end becomes black in the courfe of 
time, and confiderably obfeures the oil-painting. By 
a continuance of the before-mentioned flow combuftion, 
the carbon itfelf, as it were, burns alfo : if it be flrong- 
ly a£ted upon by the light, it attraas the oxygen ot 
the atmofphere, and again brings forward the carbonic 
acid or fixed air, which gradually flies off. By this, 
which I may call the fecond degree of combuftion, the 
painting muft become dufty and friable, like crayon 
painting. 

“ Hence it appears (fays our author] that one can 
hope only for a tranfient or deceitful effea from the 
refrefhing of oil paintings with oil ; becaufe the harmony 
of the tones, which the painter eftablifhes as fuited for 
the moment, does not proceed with equal fteps, and 
cannot preferve itfelf in the like meafure for the courfe 
of a few years, as each tint, as they fay, ought to in- 
creafe, or, to fpeak more properly, to burn in propor- 
tion to its antiquity. It thence follows, that meie 
waffling may be prejudicial to an old painting ; and that 
the method of refrefhing paintings, as it is called, by 
daubing over the furface, from time to time, with new 
drving oil, is highly prejudicial and ill calculated for 
the intended purpofe, fince the oil when it becomes dry 
contrails in its whole furface, carries with it the paint 
under it, and occafions cracks in the painting. New 
oil of this kind gives occafion to mineral paints to be 
reftored ; but covers the picture with a new coat of re- 
fin, and then of carbon, which arifes from the gradual 
combuftion, and always caufes more blacknefs, and the 
decay of the painting which one wifhes to preferve. 

“ Wax, on the other hand, undergoes a change which 
is very different from that of drying oil. The wax, 
inftead of becoming black by the contaa of the atmo- 
fphere, increafes in whitenefs, and, according to its na- 
tural quality, is not decompofed in the air, and it does 
not ftrongly attradl the oxygen of the calces or metallic 
afhes which are commonly ufed in painting. Moreover, 
the fo-called earths, which are in themfelves wdiite, and 
are never variable either by the prefence or abfence of 
oxygen, cannot be employed in oil-painting, becaufe 
that fluid makes them almoft tranfparent, and caufes 
them to remain as it were without body, and not to 
produce the wifhed-for effect. That beautiful vyhite, 
which may be obferved on the before mentioned Egyp- 
tian encauftic, is nothing elfe than a fimple earth, and, 
according to our author’s chemical experiments, a chalK. 
which is alfo unalterable.” 

That the ancients were once acquainted with the ufe 
of oil-painting, and neglected it on account of the great 
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fuperiority of the encauftic method, our author thinks Painting, 
farther evident from the different accounts which we "—‘Y"'— 
have of the ancient paintings. “ Thus Petronius praifes 
the frefh appearance which the valuable works of Zeuxis 
and Apelles had, even in his time ; but Cicero, on the 
other hand, fpeaks of the paintings of the ancients ha- 
ving fuffered from blacknefs. The former fpeaks of 
wax-painting, and the latter certainly alludes to paint- 
ings in oil. It is well known that paintings with wet 
chalks or water colours do not become black by age, 
and that this is the cafe alfo with encauftic. Of this 
any one may be convinced, not only by the expreffions 
of the above quoted authors, but by one’s own eyes on 
furveying the Egyptian fragment alluded to. Galland 
proves, on various grounds, that a painting was made with 
oil fo early as the reign of Marcus Aurelius ; and if no 
fpecimens of that period have reached us, this is perhaps 
to be aferibed to the frail and periftiable nature of this 
fpecies of painting.” 

Sign. Fabbroni, after fome farther obfervations, cal- 
culated to prove that metallic oxides or calces could not 
have been employed as pigments on fuch mummies as 
ftill retain their colours freffi, proceeds thus: “ Thofe 
who are acquainted with the accuracy and certainty of 
the method not long fince introduced into chemical 
operatibns, will be convinced, that in 24 grains of the 
encauftic painting, which I ventured to detach from 
the above-mentioned Egyptian fragment, in order to 
fubjedt it to examination, the mixture of an hundredth 
part of a foreign fubftance would have been difeovered 
with the greateft certainty ; that the refin of Requeno 
muft undoubtedly have been perceptible to me, and 
that the alkali of Bachelier and Lorgna could not have 
efcaped the counteradting medium. But in this Egyp- 
tian encauftic I found nothing except very pure wax, 
though I varied my analyfis in every known method. 
I muft therefore conclude, that modern learned writers, 
at leaft in refpedl to this Egyptian mode of painting, 
were as far from the truth as the accounts of ancient 
authors appear to me precife and fatisfadtory; and that 
the encauftum with which formerly the fore part of 
fhips and the walls of houfes and temples were painted, 
was fomething different from foap or refinous crayons. 

« I am well aware that it will be afleed, In what 
manner can wax at prefent be rendered fufliciently li- 
quid for the ftrokes of the pencil, if it be not convert- 
ed into powder or foap ? This queftion, in my opinion, 
can be fully anfwered from the words of an ancient au- 
thor, and, in the next place, by experience. 

“ Vitruvius in particular, book vii. chap. ix. expreffes 
himfelf in the following clear manner ; 

‘Thofe (fays he) who wiih to retain cinnabar on 
walls, cover it, when it has been well laid on and dried, 
with punic wax diluted in a little oil (let this be well 
remarked ; and after they have fpread out the wax 
with a hair bruffi, they heat the wall by means of a 
brazier filled with burning coals (hence it is called en- 
cauftic painting), and then make it fmooth and level 
by rubbing it with wax tapers and clean cloths, as is 
done when marble ftatues are covered with vvax. The 
effedl of this wax cruft is, that the colour is not de« 
ftroyed by the light of the fun or the moon (a).’ 

“ It 

(a) The reader will find the original of this paflage, with a tranflation fomewhat different, m the article En» 
caustic, Encycl. 
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• * Tt here appears, that the Romans, who copied the 
aintings. Qrec{an procefs, which the latter borrowed from the 

v Egyptians, mixed the wax with an oil to make it pli- 
able under the brulh; b*ut no maftic, alkali, or honey, 
as has been ingenioufly imagined, and which fome have 
thought might be employed with fuceefs. The diffi- 
culty now will be contined to point out in what manner 
this oil was employed. It does not appear^ that they 
ufed thofe fat oils which are commonly called drying 
oils; becaufe they could have employed thefe as we do, 
without the addition of wax, which, in fuch a cafe, 
would have been entirely fuperfluous. Fat oils which 
do not dry would not have been proper for that pur- 
pofe, as they would have kept the wax continually in 
the ilate of a foft pomade or falve. Befides, my expe- 
riments (continues the author) would without doubt 
have fhewn me the exiftence of any oily matter. 

“ With regard to efiential or volatile oils,a knowledge 
of them is not allowed to the ancients, as the invention 
of diddling is not older than the eighth or ninth cen- 
tury, and therefore falls in with the period of Geber 
or Avicenna.” Yet it is certain, that, in order to ufe 
wax in their encaudic painting, they mud have com- 
bined it with an ethereal volatile oil, of which no traces 
ffiould afterwards remain; becaufe this was neceffary 
for the folidity of the work, and becaufe no oil was 
found in the fragment that was examined. But naphtha 
is fuch an oil, much lighter (fays our author) than 
ether of vitriol itfelf. It is exceedingly volatile, and 
evaporates without leaving a trace of it behind. On 
this account it is ufed when fignatures and manufcripts 
are to be copied; becaufe the paper, which is moidened 
by it, and fo rendered tranfparent, quickly becomes 
white and opaque as before by the complete evapora- 
tion of the naphtha. That the Affyrians, Chaldeans, 
and Perfians, were well acquainted with the properties 
of naphtha is known to every fcholar; and hence our 
author thinks it highly probable that it was ufed by 
thofe nations to render wax fit for painting. “ It ap- 
pears to me (fays he) that the Greeks, as was the cafe 
with many other things, learned encaudic from the 
Egyptians, who probably derived it from the Affyrians 
or Chaldeans; and if fo, we have difcovered the real 
mixture ufed for ancient encaudic painting.” 

To put the matter, however, beyond a doubt, Sign. 
Fabbroni prepared, for an eminent Saxon painter, a fo- 
lution of Venetian wax in highly purified naphtha, de- 
firing him to mix up with it the colours neceffary for 
a painting. The artid complied ; and both he and our 
author were adonifhed, as well as all their friends, at 
the high tone which the colours affumed, and the agiee- 
able ludre which the painting afterwards acquired when 
it had been rubbed over with a foft cloth. A fimilar 
folution of wax was made for another artid, in which 
the fpirit of turpentine was ufed indead of naphtha with 
equal fuccefs. Our author therefore concludes, we 
think with reafon, that if he has not difcovered the 
real compofition employed by the ancients in their en- 
caudic paintings, he has at lead approached much nearer 
to that difeovery than any of his predeceffors who have 
employed their learned labours in the fame field of in- 
vedigation. 

PAINTINGS, or Pictures, are often done upon 
objefts from which, when they are valuable, it would 
be defirable to transfer them. Thus, a connoiffeur in 

] P A t 
painting might naturally wifh to transfei* an old and va- Paintings* 
luable pifture from the ceiling or walls of his room to ¥ 

dretched canvas : and fuch a man would coniider him- 
felf as deeply indebted to the artid who fhould perform 
fo arduous a talk. This talk has adlually been perform- 
ed by Mr Robert Salmon of Woburn, Bedfordffiire, who 
was honoured by the Society for the Encouragement oj 
/irts, &c. with the greater filver pallet, for communi- 
cating the method by which he accomplilhed it. 

“ The fird thing (fays Mr Salmon) to be attended 
to with refpedt to paintings, either on pladered walls 
or ceilings, or on boards, is, that the place in wdiich 
they are be fecure from wet or damp. If the paintings 
are on old walls in large buildings, or other places 
where this cannot be attained by art, then the fummer 
feafon fhould be taken for the purpofe, as the picture , 
will rarely efcape damage, if wet or damp gets at it 
while under the procefs. At the fame time, care ffiould 
be taken that the room, or other place, be not over- 
heated ; as that would produce equally bad effects. 

“ Thefe precautions being taken, the next thing is 
to examine the furface of the painting. It there are 
any holes in the fame, they mud be carefully filled up 
with a pade or putty, made of glue and whiting : this, 
if the holes are large, ffiould be twice or thrice done, 
fo as entirely to fill them up, and leave the furface even 
and fmooth; but if there are any bruifed places, with 
paint dill remaining on the furface of the bruifed parts, 
then this dopping mud not be applied, but the fecu- 
ring-canvas, hereafter deCcribed, mult be prefied down 
into thefe places. In the places that are dupped, there 
will of courfe appear blemiffies when the picture is trans- 
ferred; but the procefs is rendered much more certain 
and fure by being fo done Attention mud next be 
paid to lay dowm any bliiters, or places where the paint 
i« leaving the ground : this is done by introducing, be- 
tween the paint and the ground, fome very drong pade 
of flour and water ; and the furtace of the bhltered 
paint being damped with a wet fponge or bruffi, it may 
be preffed with the hand home to the ground, to which 
it wdll then adhere. 

“ All the tinfound places being thus fecured, care 
mud be taken to clear the furface of any greafe or dirt, 
as aifo of any particles of the pade that may happen 
to be left on it. The next thing is, to determine the 
fize of the painting meant to be taken off : If it is on 
a plain furface, a board of the fize of the picture mud 
be procured, not lefs than an inch in thicknefs, and 
framed together with well feafoned wood, in fmall pan- 
nels, fmooth and flulh on one fide. This done, a piece 
of fine open canvas muff be provided, fuch as the fined 
fort ufed for hanging paper on ; which canvas is to 
be fomew’hat larger than the picture, and fo fewed to- 
gether, and the feam fo preffed, that it be perfectly 
fmooth and even. This is what Mr Salmon calls the 
fecuring canvas ; which, being fo prepared, is to be 
duck on the furface of the picture with a pade made 
of drong beer, boiled till it is half reduced, and then 
mixed with a fufficient quantity of flour to give it & 
very drong confidence. To large pictures on walls or 
ceilings, the canvas mud for fome time be prefled, and 
rubbed with the hand as fmooth as poffible, working it 
from the middle to the outfide, fo as to make it toler- 
ably tight; obferving, as it dries, to prefs it, with the 
hand or cloth, into any hollow or bruifed places, fo 
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Painting, that it may adhere to every part of the painting : this be turned up 

done, it is left to dry ; which it will generally do in a 
day or two. When dry, a fecond canvas, of a ilronger 
and defer fort, and of the fame fize as the other, is 
in like manner to be attaclied on the top of the fir it. 
This lail will want very little attention, as it will rea- 
dily adhere to the firft ; and, being dry, attention muil 
be paid to take off any fmall knots or unevennefs that 
may be upon the furface of it ; which done, the whole 
fhould be again covered with a thin pafte of fize and 
whiting ; which is to be pumiced over when dry, fo 
as to make the whole perfectly fmooth and even. 

“ The painting being thus fecured, the board, al- 
ready prepared to the fize of the pidlure, is to be put 
with the fmooth fide again ft the furface thereof, fo as 
exadtly to cover as much as is intended to be transfer- 
red. The edges of the canvas, which, as is before di- 
re&ed, is to be larger than the painting, are then to be 
pulled tight over, and clofely nailed to the edge of the 
board. If the painting is large, and either on a ceil- 
ing or wall, the board muft, by proper fupports, be 
firmly fixed againft it, fo that it can readily be lowered 
down wdien the plafter and painting are detached. 

“ The canvas and board being fixed, the painting is 
to be freed from the wall or ceiling, together with a 
certain portion of the plaftering : this, with proper care 
and attention, may be readily done. If on a ceiling, 
the firft thing is to make fome holes through the plaf- 
tering, round the outlide of the board and painting ; 
and, with a fmall faw, to faw the plaftering from one 
hole to another, till the whole is difunited from the 
other patts of the ceiling : this done, the workman muft 
get at the upper fide of the ceiling, where he muft free 
the plaftering from the laths, by breaking off the keys 
thereof, and with a chifel cut out the laths ; whereby 
the plaftering, together with the pi'dure, will be left 
refting on the board and fupports. 

“ If the painting is on a brick or ftone w^all, the wall 
tnuft be cut away at top, and down the fides of the 
painting ; and then, by means of chifels or faws in wood- 
en handles, of different lengths, the wall muft be cut 
away quite behind the painting ; leaving the fame, to- 
gether with the plaftering, refting on the board. This 
operation may fometimes be done with a faw : or, if 
the wall be not thick, nor the other fide of much con- 
fequence, the bricks or ftones may be taken out from 
that fide, leaving the plaftering and painting as before. 
This laft method (fays the author) 1 have not pra&ifed: 
the other, of cutting away lome part of the wall, I 
have, and fee no difficulty, or very great labour, in the 
operation ; but that, of courfe, muft be various, accord- 
iilg to the texture of the wall and mortar. 

“ If the paintings are on curved furfaces, fuch as the 
coves of ceilings, then the only difference of operation 
is, that fome ribs of wood muft be cut out, and board- 
ed fmootb to the curve of the furface of the painting, 
and then fixed up thereto, in place of the before deferi- 
bed bearing-board ; the painting is then to be freed, 
and left with the-plaftering, refting on the bearers. 

“ For paintings on wainfeot or boards, the lame fe- 
curing and procefs is to be exactly followed; only that, 
as the wainfeot or board can always be cut to the fize 
wanted, and laid horizontal, the fecuring-canvas is to 
be ftretched thereon, and turned over the edges of the 
fame till it is dry j after which, the edges are again to 
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and nailed to the board, in the fame man- Paintings, 

ner as with refpedf to paintings from walls. 
“ Having, as before deferibed, in any of the afore- 

mentioned cafes, freed the paintings from their original 
places, you have got them fecured to two thickneffes of 
canvas, with their furfaces on the board prepared for 
that purpofe ; this being the cafe, they can readily be 
removed to any room or (hop, to be finiftied as follows : 
Having carried the painting into the {hop or room, 
w-hich ffiould be moderately warm and dry, but by no 
means overheated, lay the board on a bench or treffels, 
fo that the back of the pi&ure be uppermoft: the plaf- 
tering or wood, as may happen, is then to be cleared 
away, leaving nothing but the body of paint, which will 
be firmly attached to the fecuring-canvas. To -per- 
form this, a large rafp, a narrow plane, and chifels, will 
be requifite. This operation, though difficult to be de- 
feribed, would foon be learned byr any one who ffiould 
make the attempt ; nor is it very tedious ; and being, 
performed, the pifture is ready to be attached to its' 
new canvas, as follows. 

“ The painting being cleared, and lying on the board, 
the back thereof is to be painted three or four times 
over fucceffively, with any good ftrong-bodied paint ; 
leaving one coat to dry before another comes on: a day 
or two between each will generally be found fufficient. 
Each of thefe coats, and particularly the firft, fhould 
be laid on with great care, taking but a fmall quantity- 
in the brufh at a time, and laying it very thin. This 
precaution is neceffary, to prevent any of the oil or paint 
from palling through any fmall cracks or holes in the 
furface of the picture ; as fuch oil or paint would run 
into the pafte, and fo attach the fecuring-canvas to the 
picture, as to prevent its being afterwards got off. If 
any fuch boles or cracks are obferved, they fhould be 
Hopped up with the glue and whiting pafte, and the 
painting then repeated, till a complete coat is formed 
on the back of the pifturc. It is then ready for at- 
taching to its canvas, which is done by fpreading all over 
the picture a pafte made of copal varnilh, mixed with 
ftiff white lead, and a fmall quantity of any other old 
fat paint ; all which being fpread equally over with a 
pallet-knife, fuch a canvas as the firft fecuring-canvas 
is laid thereon, and ftraiped and nailed round the edges 
of the board ; in which Hate it is left till it becomes 
tolerably dry : then a fecond canvas, of a ftronger fort, 
muft; be in like manner attached on the firft, and left 
till it is perfetUy dry and hard. This generally takes 
about two months ; and the longer the painting is left, 
the more fecurely it will be attached to its canvas, and 
lefs liable to crack or fly therefrom. When fufficient- 
ly dry, all the four canvaffes are to be unnailed from 
the board, and the edges turned up the reverfe way, 
and nailed to a proper ftretching-frame. This is done 
by unnailing from the board a part on each fide at a 
time, and immediately nailing it to the ftretebing-frame, 
fo as never to leave the canvas to crack or partially 
llretch, which would damage the picture In this man- 
ner, by degrees, the cloths are entirely detached from 
the board, and firmly fixed on the ftretching-frame. 
The fuperfluous canvas, left larger than the frame, may 
then be cut off, and the wedges put in the frame, and 
moderately tightened up. There remains then only to 
clear the furface of the painting from the fecuring-can- 
vas : which is done by repeatedly wafhing the furface 

with 
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Paintings, with a fponge and moderately warm water. In doing 
—n/  this, no violence or force muft be ufed; and, by frequent 

and gentle wadiings, the pafte will all be worked out 
with the fponge. The edges of the outer canvas are 
then to be cut round, and itripped off: the other, next 
the furface of the picture, is to be ferved in like man- 
ner ; which done, nothing remains but to take the p’afte 
clean off, and repair any defeats : the pi flu re will then 
be as ftrong as if painted on the canvas. 

“ For taking pictures off walls, without taking the 
walls down, or cutting away more thereof than the plaf- 
tering, the following procefs is propofed : 

“ The furface of the pidture is to be firft fecured, in 
the manner before defcribed ; but inftead of the plain 
board, a bearer fhould be prepared with a convex fur- 
face, compofed of ribs, boarded over, fo as to form part 
of a cylinder, of not lefs than five feet radius, and as 
long as the height of the pidture. This bearer being 
prepared, in order to apply it, a floor or platform fliould 
be erefted, and placed horizontally, with its furface 
level, and its edge immediately in contadt with the bot- 
tom of the picture meant to be transferred. The ufe 
of this platform is for the above-deferibed bearer to reft 
and move upon ; which bearer fliould be fet on its end, 
with one edge in contadt wu'th the wall, at one fide of 
the picture ; confequently the other edge will be at 
fome diftance from the wall, according to the fize of 
the pidture and convexity of the bearer. Being thus 
placed, the fuperfluous edge of the fecuring-canvas 
fhould be turned over, and nailed to that edge of the 
bearer that is next the wall : This done, the operation 
of cutting away the plaftering fhould be begun ; which 
may be done with the corner and end of a fliort faw ; 
flawing between the brick-work and plaftering, and lea- 
ving the thicknefs, or part of the thicknefs, of the plaf- 
tering on the painting faftened to the bearer. When 
this edge of the pidhtre is freed, the whole height, for 
nine or ten inches under the edge of the bearer that is 
fartheft from the wall, muft then be gently forced near- 
er ; confequently the other edge, together with the 
painting and platter that is freed, will leave the wall, 
and give an opportunity of introducing the faw behind, 
and cutting away the fame to a certain diftance farther 
under ; and, by repeating this, the whole of the pifture 
will at length be freed, and left on the bearer. Each 
time the bearer is removed, and, as it were, rolled on 
the vertical furface of the wall, care muft be taken to 
turn and nail the fecuring-canvas on the top and bot- 
tom edges of the bearer, fo as to fecure the freed plaf- 
tering and picture from moving about ; and, laftly, be- 
fore the bearer and plaftering be moved, to nail the 
other edge of the picture in the fame way, which will 
fecure the whole to the bearer. This done, the pic- 
ture and bearer are at liberty to be moved to a proper 
place, in order to be freed from the remaining plafter. 
The edges may then be unnailed; the painting and can- 
vas flipped from this bearer on to a plain board ; and 
the new canvas may be then put on ; which is to re- 
main till dry, as in other cafes. 

“ It may appear, that the bending of the canvas 
and plaftering to the convex bearer will crack the plaf- 
ter, and damage the painting ; but, from experience 
(fays Mr Salmon) I have obferved, that, to a curve of 
fuch or even lefs radius, plaftering will bend, without 
any vifible crack, even on the exterior part thereofj and 

that part next the bearer, not having occafion, in bend- 
ing, to extend its parts, will confequently be much lefs 
liable to be difturbed by fuch bending.” 

In clearing the wood from the paintings, our au- 
thor never made ule of aquafortis, or any other liquid; 
the ufe of which he conceives would be very tedious, 
and attended with danger, left it (hould get through 
the paint, and wet or damp the pafte by which the fe- 
curing canvas is fixed. In working off the wood, he 
generally made ufe of fuch planes as by the joiners are 
called the levelled rabbit-plane, and fmall rounds. By the 
corners of the former, and proper handling of the lat- 
ter, the wood is cleared off without force or violence : 
even the fmalleft particles may, in general, be got off; 
although in fome paintings, and in particular parts of 
others, he has met with places on which he thought it 
heft to leave fome particles, or fine fplinters, of wood, 
but nothing more. Rafps, and fometimes a fine chifel, 
are ufeful, to clear off fuch parts as may be in hollow 
places, or where particles of wood are left, as above. 
The time required will be various, according to the 
manner in which the painting was originally done ; 
fome being painted on boards previoufly prepared with 
a water colour ; others immediately painted with oil on 
the wood. This laft fort is by much the moft difficult ;1 

the other is more eafy, as the previous preparation pre- 
vents the wood from imbibing the oil, and confequent- 
ly admits it to be more eafily feparated. 

PAL1LICUM, the fame as Aldebaran, a fixed liar 
of the fir ft magnitude, in the eye of the bull, or fign 
Taurus. 

PALLIFICATION, or Piling, in architefture, 
denotes the piling of the ground-work, or the ftrength- 
ening it with piles, or timber driven into the ground ; 
which is pradifed when buildings are eredied upon a 
moift or marftiy foil. 

PALM, an ancient long meafure, taken from the 
extent of the hand. See Pal mbs, Encycl. 

PALMiE, palms. See Encyclopedia. The fubjeft 
is introduced here to notice a kind of palm, the prodmfb * 
of North America, of which we have the following ac- 
count hy Dr Barton. 

<s There grows upon the river Mobile a fpecies of 
palm, which is but little known to naturalilh, but which 
promifes to be an important article of food to man. It 
has no ftalk or Item above ground. The leaves fpread 
regularly all round, and when fully expanded are flabtl- 
liform. In the centre of thefe leaves is produced the 
receptacle of the fruit, which is of the form and fize of ' 
a common fugar-loaf. This receptacle confifts of a vaft 
number of drupes, or berries, of the fize and fliape of 
common plums : each is covered with a fibrous, farina- 
ceous, pulpy coating, of confiderable thicknefs. This 
fubftance is faid to refemble manna in texture, colour, 
and tafte ; or, perhaps, it ftill more refemb’es moift 
brown fugar, with particles of loaf-fugar mixed with it. - 
It is a moft delicious and nourifhing food, and is dili- 
gently fought after in the places where it grows. Upon 
firft tailing it, it is fomewhat bitter and pungent. 

PANORAMA, a word derived from CTav andopa^a; , 
and therefore employed of late to denote a painting* , 
whether in oil or water colours, which reprefents an 
entire view of any country, city, or other natural ob- 
je&s, as they appear to a perfon Handing in any fitua. 
lion, and turning quite round. Tq produce this effeft, 
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Panonunai painter or drawer nuift fix his ftationj and delineate 

Paper, corredtly and connectedly every objett which prelents 
itfelf to his view as he turns round, concluding his 
drawing by a connection with where he began. He 
nuift obferve the lights and fhadows, how they fall, and 
perfeCt his piece to the belt of his abilities. There 
muft be a circular building or framing ereaed, on which 
this drawing or painting may be performed ; or the 
fame may be done on canvas, or other materials, and 
fixed or fufpended on the fame building or framing, to 
anfwer the purpofe complete. It muft be lighted en- 
tirely from the top, either by a glazed dome, or othei- 
wife as the artift may think proper. There muft be 
an inclofure within the faid circular building 01 fram- 
ing, which fhall prevent an obferver going too near the 
drawing or painting, fo as it may, from all parts it can 
be viewed, have its proper effeffc. This inclofuie may 
reprefent a room, or platform, of any other fituation, 
and may be of any form thought moft convenient ; but 
the circular form is particularly recommended. Of 
whatever extent this infide inclofure may be, theie muft 
be over it (fupported from the bottom, or iufpended 
from the top) a (hade or roof; which, in all directions, 
fhould project fo far beyond this inclofure, as to pre- 
vent an obferver from feeing above the drawing or paint- 
ing when looking up ; and there muft be without this 
inclofure another interception, to reprefent a wall, pa- 
ling, or other interception, as the natural objedts repre- 
fented, or fancy, may direCt, fo as effectually to prevent 
the obferver from feeing below the bottom of the draw- 
ing or painting ; by means of which interception, no- 
thing can be feen on the outer circle but the drawing 
or painting intended to reprefent nature. 1 he entrance 
to the inner inclofure muft. he from below, a proper 

- building or framing being ereCted for that purpofe, fo 
that no door or other interruption may difturb the 
circle on which the view is to be reprefented. And 
there fhould be, below the painting or drawing, proper 
ventilators fixed, fo as to render a current circulation 
of air through the whole: and the inner inclofure may 
be elevated, at the will of an artift, io as to make ob- 
fervers, on whatever fituation he may wifh they fhould 
imagine themfelves, feel as if really on the very fpot. 

PAPER is an article of fuch importance, and at 
prefent * of fo enormous a price, that no improvement in 
its manufacture fhould pafs unnoticed in a work of this 
nature. The difcovery made in France by M. Ber- 
tholet of the efficacy of oxy-muriatic acid in expediting 
the procefs of Bleaching (fee that article in this 
SuppL), has contributed effentially to facilitate the ma- 
nufactures, not only of cotton and linen cloths, but 
alfo of paper, of which it has even increafed the mate- 
rials. Formerly writing paper could be made of un- 
printed linen alone ; but by means of the procefs of M. 
Bertholet even printed linen may be made into the fineft 
and whiteft paper. In the year 1795 a patent was 
granted to Mr Elias Carpenter of Bermondfay, Surrey, 
for a method of bleaching paper of luch materials in the 
•water-leaf or fleet, and fixing it without drying. 

In the preparation of the pulp, the coarfer rags are 
to be macerated for two or three days in a cauftic al- 
kaline ley, and wrought into fheets of paper in the 
ufual way ; a ftrong wooden box or trough is then to 
be procured, of a fize proportioned to that of the pa- 
per, lined on the infide with white paint, and furnifhed 
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with feveral flages of crofs bars of glafs ; the bottom of Paper, 
the box is to be covered with a ftratum about one inch sr"m 

deep of cauftic ley, and the paper laid by quarter reams, 
or lefs, acrofs the glafs bar. A hole muft be made in 
the box to admit the beak of an earthen-ware retort, 
into which muft be put manganefe and feafalt, in pow- 
der, fulphuric acid, and an equal quantity of water im- 
pregnated with the fteams of burning fulphur (fulphu- 
reous acid). The cover of the box is to be made air- 
tight by luting or flips of paper dipped in pafte. The 
apparatus being thus prepared, the belly of the retort 
is to be plunged in water, kept boiling, and in a fhort 
time the oxy-muriatic gas will be driven into the box, 
will penetrate the paper, and render it of a dazzling 
whitenefs, while the alkaline ley at the bottom will, by 
gradually abforbing it, prevent its becoming lo concen- 
trated as to deftroy or injure the texture ot the paper. 
From three to four pounds of fulphuric acid will iuffice 
for one hundred weight of paper, and the operation 
will be completed in about eight hours. 1 he (heets as 
they are taken out of th^ box are to be fized with the 
following mixture : 

To 1 cwt. of clippings of Ik in add 14 ib. of alum, 7 
of calcined vitriol, and lib, of gum arabic, with a fuf- 
ficient quantity of water to fize 50 reams of fools-cap. 

The fame method will ferve equally well to clean en- 
gravings or printing ; for though the oxy-munac acid 
difeharges all ftains, dirt, &c. yet it is incapable of a&- 
ing on printers ink. 

This, however, is not the only improvement in the 
manufacture of paper derived from modern chemiftry. 
In Crell’s Chemical Annals for the year 1797, we have 
an account of fome curious experiments made by M- 
L. Brugnatelli, with the view of rendering 

Paper incombuftible, and the writing on it, of 
courfe, indeftru&ible by fire. Of all the fubftances 
which he tried, he found the liquor of flints the moft 
proper to fecure paper from deftruftion by fire. Pie 
dipped a (beet of paper feveral times in the above li- 
quor frefh made, or daubed it feveral times over the 
whole paper with a hair brufh, and dried it in the fun 
or in an ovan. Paper prepared in this manner loft fome 
of its foftnefs, became a little rougher than before, and 
acquired a lixivious cauftic tafte. In other refpeCfs it 
was not different from common white paper. When 
this paper was laid upon glowing coals, it did not burn 
like common paper, but became red, and was converted 
to a coal, which however did not fall into allies like the 
coal of common paper, fo that it might therefore be 
confidered as petrified paper. This coal, however, is 
exceedingly friable ; for when it is taken between the 
fingers, or preffed together in any manner whatever, it 
drops to pieces. Still the difcovery muff be a valuable 
one, if there be any kind of ink of fuch a nature as that 
the characters written with it continue vifible on this 
coal. Such an ink M. Brugnatelli made by combining 
diffolved nitrite of zinc with common ink ; and found, 
that the colour of this mixture, though it appeared 
fomewhat pale on common paper, became fo dark on 
prepared paper, that words written with it appealed 
more confpicuous than words written with common 
ink. When the paper was burnt, or reduced to a coal, 
thofe characters were fo vifible, in a clear •white colour 
on a dark ground, that they could be read with as 
much cafe as charaCkers written with the bell ink on white 
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arabolic white paper. If the ingenious author fucceed in his 
\\ attempts to difcover a method of rendering his prepa- 

arachute re(j paper ief3 friable when burnt, his difcovery will be 
one of the moft important of the prefent age. 

PARABOLIC Conoid, is a folid generated by the 
rotation of a parabola about its axis. I his folid is equal 
to half its circumfcribed cylinder ; and therefore if the 
bafe be multiplied by the height, half the producft will 
be the folid content. ^ : 

Parabolic Pyramidoid) is a folid figure, thus named 
by Or Wallis trom its genefis or tormation, which 
is thus : Let all the fquares of the ordinates of a pa- 
rabola be conceived to be fo placed, that the axis fliall 
pafs perpendicularly through all their centres ; then the 
aggregate of all thefe planes will form the paiabohc 
pyramidoid. This figure is equal to half its circum- 
fcribed parrallelopipedon. And therefore the folid.con- 
tent is found by multiplying the bale by the altitude, 
and taking half the produd; or the one of thefe by 
half the other. 

Parabolic /pace, is the fpace or area included by 
the curve line and bafe or double ordinate of the para- 
bola. . 

Parabolic Spindle, is a folid figure conceived to be 
formed by the rotation of a paranoia about its bafe or 
double ordinate. 

Parabolic Spiral, is a curve arifing from the fuppo- 
fition that the common or Apollonian parabola is bent 
or twifted till the axis come into the periphery of a 
circle, the ordinates ftill retaining their places and per- 
pendicular pofitions with refped to the circle, all thefe 
lines ftill remaining in the fame place. This figure is 
fometimes called the Helecoid parabola. 

PARABOLOIDES, parabolas of the higher or- 
ders. The equation for all curves of this kind being 
a m—n pTOportion of the area of any one 
to the complement of it to the circumfcribing parallelo- 
gram, will be as m to n. 

PARACENTRIC Motion, denotes the fpace by 
which a revolving planet approaches nearer to, or re- 
cedes farther from, the fun, or centre of attradion. 

Paracentric Solicitation of Gravity, is the fame as 
the vis centripeta. 

PARACHUTE, a kind of large and ftrong um- 
brella, contrived to break a perfon’s fall from an air- 
balloon, fhould any accident happen to the balloon at a 
high elevation. This contrivance was firft thought of 
by Blanchard, who at different times, by means of the 
parachute, let fall from his balloon dogs and other ani- 
mals. He ventured even to defcend in this manner 
himfelf; but, whether from the bad conftrudion of his 
parachute, or from falling among trees, he had the mis- 
fortune to break one of his legs. Citizen Garnenn, 
as he choofes to be called, was more fuccefsful. On the 
2 lit of Odober 1797, he afcended from the garden de 
Mauffeux at half paft five in the evening ; between the 
balloon and the car, in which he fat, was placed the pa- 
rachute, half opened, and forming a kind of tent ovti 
the aerial traveller ; and when the whole apparatus was 
at a confiderable height, he feparated the parachute 
and car from the balloon. The parachute unfolding 
kfelf, was, by his weight and that of the car, drawn of 

. courfe towards the earth. Its fall was at firft flow and 
vertical j but foon afterwards it exhibited a kind of ba- 
lancing or vibration, and a rotation gradually increafing, 
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which might be compared with that of a leaf fallingParapuiiUn 
from a tree. The aeronaut, however, reached the ground Par]'leI? 
unhurt. —y — J 

This parachute w’as of cloth, and its diameter, when 
unfolded, about twenty-five feet. To ufe fuch inftru- 
ments with fuccefs, it is neceffary that the car be iuf- 
pended at a confiderable diftance from the parachute, 
fo as that the centre of gravity of the whole fhall be 
vertically below the centre of refiftance made by the 
air to the defcent of the parachute ; for if the car be 
otherwife placed, it is evident that the parachute will 
incline to one fide, defcend obliquely, ofcillate, and the 
fmalleft irregularity in its figure will caufe it to turn 
round its vertical axis, 

PARAGUATAN, a kind of wood which grows 
in Guiana, and promifes to be of great utility as a dye 
fluff. We have feen no botanical defcription of the 
tree ; but from the report made to the Council of Trade 
and Mines, by D. Dominique Garcia Fernandez, in- 
fpe£lor of coinage, we learn that its bark, boiled in wa- 
ter, affords a coloured extradl which refills the agency 
of acids for a longer time than brazil or logwood ; that 
the colour may be revived by means of alkalies, after it 
has been deftroyed by combination with acids; that vi- 
negar, lemon juice, and tartar, render this colour more 
brilliant, while they entirely deftroy the colours of bra- 
zil and logwood; that the fecula of the bark of para- 
guatan fixes and attaches itfelf to wool, cotton, and 
filk ; and that the colour is brighter on filk than on 
wool, and brighter on wool than on cotton. The fame 
fecula dried is afterwards foluble in alcohol, to which, 
it communicates a tinge fimilar to that afforded by 
cochineal; but it muft be confeffed, that the colour ob- 
tained from paraguatan has not the force of that of 
cochineal, though it is fuperior to thofe of madder, 
brazil wood, and logwood. From thefe fads D. Fer- 
nandez confiders the paraguatan as one of the moft va- 
luable produ&ions which America furniihes to Spain. 

PARALLAX (fee Encycl.) is ufed, not only in 
aftronomy, but alfo in levelling, for the augle contained 
between the line of true level, and that of apparent le- 
vel. And, in other branches of fcience, for the diffe- 
rence between the true and apparent places. 

PARALLEL Ruler, is a mathematical inftru- 
ment, confifting of two equal rulers, either of wood or 
metal, connected together by two flender crofs bars or 
blades of equal length, moveable about the points of 
jun&ion with the rulers. There are other forms of the 
inftrument ; fome, for inftance, having the two blades 
croffing in the middle, and fixed only at one end of 
them, the other two ends Aiding in grooves along the 
two rulers, &c. 

The ufe of this inftrument is obvious. For the 
edge of one of the rulers being applied to any line, the 
other opened to any extent will be always parallel to 
the former ; and confequently any parallels to this may 
be drawn by the edge of the ruler, opened to any ex- 
tent. 

PARALLELS, or Places of Arms, in a fiege, 
are deep trenches, 15 or 18 feet wide, joining the fe- 
veral attacks together ; and ferving to place the guard, 
of the trenches in, to be at hand to fupport the work- 
men when attacked. There are ufually three in an at- 
tack : the firft is about 600 yards from the covert-way, 
the fecond between 3 and 400, and the third near or on 

the 
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Faralldifni the glacis. It is faid they were firfl: invented or.ufed 

ll by Vauban. 
ribo3" PARALLELISM of the Earth’s Axis, is that 

1 v-__. invariable Htuation of the axis, in the progrefs of the 
earth thro’ the annual orbit, by which it always keeps 
parallel to itfelf; fo that if a line be drawn parallel to 
its axis, while in any one pofition, the axis, in all other 
pofitions or parts of the orbit, will always be parallel to 
the fame line. 

PARAMETER, a certain conftant right line in 
each of the three conic fedlions ; otherwife called alio 
latus reElum. 

PARAMARIBO, the capital of the Dutch fettle- 
ment at Surinam, is Ihuated on the right fide of the 
beautiful river Surinam, at about 16 or 18 miles di- 
llance from its month. It is built upon a kind of gra- 
velly rock, which is level with the reft of the country, 
in the form of an oblong fquare j its length is about a 
mile and a half, and its breadth about half as much. 
All the llreets, which are perfe&ly ftraight, are lined 
with orange, {haddock, tamarind, and lemon trees, 
which appear in everlafting bloom ; while, at the fame 
time, their branches are. weighed down with the riche ft 
clutters of odoriferous fruit. Neither ftone nor brick is 
made ufe of here for pavement; the whole being one 
continued gravel, not inferior to the fineft garden walks 
in England, and ftrewed on the furface with fea-lhells. 
The houfes, which are moftly of two and fome of three 
ftories high, are all built of fine timber, a very few ex- 
cepted ; moft of the foundations are of brick, and they 
arc roofed with thin fplit boards, calledj^injpkr, inftead 
•of flates or tiles. Windows are very feldom feen in 
this country, glafs being inconvenient on account of 
the heat; inftead of which they ufe gauze frames : fome 
have only the {butters, which are kept open from fix 
o’clock in the morning until fix at night. As for chim- 
neys, there are none in the colony 5 tio fires being light- 
ed except in the kitchens, which are always built at 
fome diftance from the dwelling-houfe, where the 
vidtuals are drefled upon the floor, and the fmoke let 
out by a hole made in the roof: thefe timber houfes 
are, however, very dear in Surinam, one of them ha- 
ving coft above L. 15,000 fterling. There is no fpring 
water to be met with in Paramaribo ; moft houfes have 
wells dug in the rock, which afford but a brackifti kind 
of beverage, only ufed for the negroes, cattle, &c. and 
the Europeans have refervoirs or cifterns, in which they 
preferve rain water for their own confumption ; thofe 
of nicer tafte let it firft drop through a filtering-ftone 
into large jars or earthen pots, made by the native In- 
dians on purpofe, which they barter at Paramaribo for 
other commodities. The inhabitants of this country, 
of every denomination, fl£ep in hammocks, the negro 
{laves excepted, who moftly lie on the ground: the 
hammocks tifed by thofe in fuperior ftations are made 
of cotton, ornamented with rich fringe ; thefe are alfo 
made by the Indians, and fometimes worth above twen- 
ty guineas ; neither bedding nor covering is neceflary, 
except an awning to keep off the mufquitoes. Some 
people indeed lie on bedfteads ; in that cafe they are 
furrounded, inftead of curtains, with gauze pavilions, 
which admit the air freely, and at the fame time keep 
oft the fmalleft infeft. The houfes in general at Para- 
maribo are elegantly furniflied with paintings, gilding, 
cryftal chandeliers^ china jars, &c.; the rooms are never 
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papered or plaftered, but beautifully wainfeotted with Pacanu- 
cedar, and Brazil, and mahogany wood. ri^° 

Tiie number of buildingrs in Paramaribo is computed ’ v-1"*1- 
at about 1400, of which the principal is the governor’s 
palace, whence there is a private paflage through the 
garden which communicates with Fort Zelandia. This 
houfe, and that of the commandant, which has lately 
been burnt, were the only brick buildings in the colo- 
ny. The town-hall is an elegant new building, and co- 
vered with tiles; here the different courts are held, and 
underneath are the prifons for European delinquents, 
the military excepted, who are confined in the citadel 
of Fort Zelandia. The Proteftant church, where di- 
vine worftiip is performed both in French and Low 
Dutch, has a fmall fpire with a clock ; belides which 
there is a Lutheran chapel,' and two elegant Jev/iih ty- 
nagogues, one German the other Portuguefe. Here is 
alio a large hofpital for the garrifon, and this manliou 
is never empty. The military ffores are kept in the 
fortrefs, where the fociety foldiers are alio lodged in 
barracks, with proper apartments for fome officers. 
The town of Paramaribo has a noble road for {hipping, 
the river before the town being above a mile in breadth, 
and containing fometimes above 100 veflels of burden, 
moored within a piftol-ftiot of the fliore. Before Hol- 
land became a province of France, and thereby loft 
her trade, there were feldom fewer than 80 (hips at Pa- 
ramaribo, loading coffee, fugar, cocoa, cotton, and in- 
digo, for the mother country, including alio the Gui- 
nea men that brings flaves from Africa, and the North 
American and Leeward I {land veffeis, which bring 
flour, beef, pork, fpirits, herrings, and mackarel faked, 
fpermaceti candles, horfes, and lumber ; for which they 
receive chiefly molaffes to be diddled into rum. This 
town is not fortified, but is bounded by the river on the 
fouth-eaft; by a large favannah on the weft ; by an im- 
penetrable wood on the north-eaft ; and is protected by 
Fort Zelandia on the eaft. Phis citadel is only leparated 
from the town by a large efplanade, where the troops 
parade occalionally. The fort is a regular pentagon, 
with one gate fronting Paramaribo, and two baftions 
which command the river ; it is very Imad but ftrong, 
being made of rock or hewn Hones, furrounded by a 
broad foffe well fupplied with water, befides fome out- 
works. On the eaft fide fronting the river, is a bat- 
tery of 21 pieces of cannon. On one of the baftions is 
a bell, which is ftruck with a hammer by the centinel, 
who is directed by an hour-glafs. On the other is 
planted a large enfign-ftaff, upon which a flag is hoifted 
upon the approach of fhips of war, or on public rejoi- 
cing days. The walls are fix feet thick, with embra- 
fures, but no parapet. 

Paramaribo is a very lively place, the ftreets being 
generally crowded with planters, (ailors, foldiers, Jews, 
Indians, and Negroes, while the river is covered with 
canoes, barges, &c. con Randy paffing and repafling like 
the wherries on the Thames, oiten accompanied with 
bands of mufic ; the (hipping alfo in the road adorned 
with their different flags, guns firing, &c. not to men- 
tion the many groupes of boys and girls playing in the 
water, altogether form a pleafing appearance ; and fuch 
gaiety and variety of objefts ferve, in fome meafure, to 
compenfate for the many inconveniences of the climate. 
Their carriages and drefs are truly magnificent ; iilk 
embroidery, Genoa velvets, diamonds, gold and filver 
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lace, being daily worn, and even the mailers of trading 
Ihips appear with buttons and buckles of folid gold. 

, They are equally expenfive at their tables, where every 
thing that can be called delicate is produced at any 
price, and ferved up in plate and china of the newell 
fafhion, and moll exquifite workmanlhip. But nothing 
difplays the luxury of the inhabitants of Surinam more 
than the number of Haves by whom they are attended, 
often twenty or thirty in one family. White fervants 
are feldom to be met with in this colony. 

The current money are ftamped cards of different 
value, from five (hillings to fifty pounds : gold and fil- 
ver is fo fcarce, that the exchange premium for fpecie 
is often above 10 per cent. A bale Dantzic coin called 
a bit, value fomething lefs than fixpence, is alfo current 
in Surinam. Englilh and Portuguefe coin are fome- 
times met with, but moftly ufed as ornaments by the 
Mulatto, Samboe, Quaderoon, and Negro girls. The 
Negro Haves never receive any paper money ; for as 
they cannot read, they do not underltand its value ; 
befides, in their hands, it would be liable to many acci- 
dents, from fire or children, and particularly from the 
rats, when it becomes a little greafy. 

This town is well fupplied with provifions, viz.. 
butchers meat, fowls, filh, and venifon. Vegetables in 
particular the country abounds with ; befides the luxu- 
ries peculiar to this climate, they import whatever Eu- 
rope, Africa, and Alia can afford. Provifions, how- 
ever, are exceflively dear in general, efpecially thofe im- 
ported, which are mofily fold by the Jews and mailers 
of fhips. The firll enjoy extraordinary privileges in 
this colony ; the latter ereft temporary warehoufes for 
the purpofe of trade, during the time their Ihips are 
loading with the produ&ions of the climate. Wheat 
flour is fold from four-pence to one fliilling per pound ; 
butter, two (hillings ; butcher’s meat never under one 
fliilling, and often at one Ihilling and fixpence ; ducks 
and fowls from three to four (hillings a couple. A 
Angle turkey has fometimes coll one guinea and a half; 
eggs are fold at the rate of five, and European pota- 
toes twelve, for fixpence. Wine three Hrillings a bottle. 
Jamaica rum a crown a gallon. Filh and vegetables are 
cheap, and fruit almoft for nothing. 

PARIS (Francis), a man more famous after his 
death than during his life, by the miracles which were 
faid to be performed at his tomb. He is generally 
known by the name of Abbe Paris; and his pretended 
miracles, with others of like manufa&ure, have furnilh- 
ed deiftical writers, and Mr Hume in particular, with a 
kind of argument againfl the reality of the miracles of 
which we have an account in the Gofpel. It is mere- 
ly that we may Hate his pretenlions fairly, that we have 
introduced him to the notice of our readers ; for in 
every other refpeft he is wholly unworthy of their re- 
gard. He was the fon of a counfellor in parliament, 
and had the profpedt, if he had chofen it, ot fucceed- 
ing to his father’s appointment ; but he chofe rather to 
become an ecclefiaflic, and he became a very zealous 
one. Fie gave up all his pofiefiions to his brother, re- 
fufed preferment intended for him by the cardinal de 
Noailles, devoted himfelf entirely to retirement, and 
made (lockings for his own fupport, and for the aflifi- 
ance of the poor. He died perhaps in confequence of 
his rigorous mode of life. May r. 1727, at the age of 
only 37. His brother raifed a monument to him in the 
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fmall churchyard of St Medard, to which the poor and 
the pious foon began to flock ; and after a time it was 
reported, that, in confequence of their prayers at that 
tomb, fome lick perfons had received cures. As Paris 
had been a rigorous Janfenifl, this was a fine opportu- 
nity for that fedl to gain credit to their caufe ; the mi- 
racles were therefore multiplied, and a variety of per- 
fons affedled the moll fingular convulfions. 

The minds of the people becoming inflamed by thefe 
extravagancies, the court found it neceflary to Hiut up 
the churchyard, which was done on the 27th of Janua- 
ry 1732. On this occafion, fome profane wit wrote 
upon the wall of the place, 

De par le Roy, defenfe a Dieu, 
De faire miracles en ce lieu. 

The convulfions were continued, for a little while, in 
private houfes, but by degrees the matter fubfided, and 
the Abbe Paris was forgotten. 

The difiindlion between miracles, exhibited to ferve 
a party, and atteHed only by thofe who are zealous in 
its fupport, and miracles performed in the light of un- 
believers, who, in fpite of their deep-rooted prejudices, 
were converted by them, is too flriking to be overlook- 
ed by any, but thofe who are defirous of drawing a 
falfe and impious parallel ; yet has Mr Hume dared 
to reprefent the miracles performed at the tomb of this 
faint as outvying in number, nature, and evidence, the 
miracles of Chrifl and his apoHles—with what truth, 
the following obfervations will (hew : 

iji, It was often objedit'd by the enemies of the 
faint, and the objedlion was never confuted by his 
friends, that the projirations at his fepulchre, like ani- 
mal magnetifm more lately,more diitaies than 
they cured. Such, (urely, was not the nature of our 
Saviour’s miracles. 

idly, Though the crowds of lick and infirm perfons 
who flocked to the tomb lor relief were, by all accounts, 
innumerable ; yet all the cures, of which the zealous 
hiflorian of the Miracles could procure vouchers, a- 
mounted only to nine ! Now, were thoufands, and ten 
thoufands of difeafed perfons to apply to fome circum- 
foraneous quack, in full aflurance of his extraordinary 
abilities and Ikill in phyfic, could it furprife any perfon, 
if the diHempers of right or nine of them Ihould take a 
favourable turn while they were under a courle of his 
ufelefs medicines ? 

ylly, We do not read that of thofe nine who were 
cured by the dead Abbe, the greater part were Jefuits 
and enemies to the Janfenifls ; whereas the greater part 
of our Saviour’s miracles were performed upon uncon- 
verted Jews, and one of them upon the fervant of the 
high priefi, who was thirlling for his blood, 

\thly. The cures reported to have been performed at 
the grave of Paris were all fuch as might have been ac- 
compliflied by natural means. Thus, a Spaniard who 
had loH one eye, and was diflrefied with an inflamma- 
tion in the other, had the inflamed eye gradually cured, 
but not the loll eye reftored. Another perfon having 
pricked his eye with an awl, loll the fight of it in con- 
fequence of the aqueous humour dropping out ; but 
his fight was reftored whiljl he was paying his devo- 
tions to the Abbe—and fo it would have been while 
he was curfing the Abbe, had he continued his execra- 
tions for a fuflicient length of time. 

T t $thly. 

Pari#, 



PAR [ 330 ] PAR 
Paris, 5/A/y, None of the cures faid to have been perform- 

Parkhurft. e(j were injtantaneous. AU the worfhippers at the tomb 
y perlifted for days^ feveral of them for weeks, and fome 

for months, daily imploring the intercefiion of the Abbe 
before they received relief from their complaints. 

6thly, Moll of the devotees had been ufing medicines 
before they applied to the faint, and continued to ufe 
them during the whole time of their application ; whilft 
it is confefled that the diftempers of others had abated 
before they determined to folicit his help. 

ythly, Some of the cures attefted were incomplete, and 
only of a temporary duration. Thus, the Spaniard was 
relieved only from the molt inconfiderable part of his 
complaint, and that too but for a very (hort period ; for 
foon after his return home he relapfed into his former 
malady, as was fully attefted by certificates and letters 
from Madrid. All this has been completely proved by 
the Archbilhop of Sens; who in his Pajloral Injlruc- 
tion, publilhed at the time the miracles were making a 
noife, has, 

%thly, Clearly dete&ed the deceit and little artifices 
by which thofe pretended miracles were fo long fup- 
ported. To that work we refer our readers ; requeft- 
ing them, after they have read it, to compare the evi- 
dence for the miracles of Paris with the evidence which 
in the article Miracle, Encycl. we have ftated for the 
reality of the Gofpel miracles, and to judge for them- 
felves with the impartiality of philofophers. 

Paris wrote a few very indifferent books of annota- 
tions on the Epiftles to the Romans, to the Galatians, 
and the Hebrews ; but few have ever read them, nor 
would they have refcued the author from oblivion, with- 
out the aid of his lying wonders. 

PARKHURST (the Rev. John), was the fecond 
fon of John Parkhurft, Efq; of Catefby in Northamp- 
tonfhire. His mother was Ricarda Dormer, daughter 
of Judge Dormer. He was born in June 1728, was 
educated at the fchool of Rugby in Warwicklhire, and 
was afterwards of Clare-hall, Cambridge; B. A. 1748, 
M. A. 1752 ; and many years fellow of his college. 

Being a younger brother, he was intended for the 
church ; but not long after his entering into holy or- 
ders his elder brother died. This event made him the 
heir of a very coniiderable eftate ; though, as his father 
was Hill living, it was fome time before he came into 
the full poffeffion of it ; and when he did come into 
the poffeflion of it, the acquifition of fortune produ- 
ced no change on his manners or his purfuits. He 
continued to cultivate the ftudies becoming a clergy- 
man ; and from his family connections, as well as from 
his learning and piety, he certainly had a good right to 
look forward to preferment in his profeffion ; but beta- 
king himfelf to retirement, and to a life of clofe and in- 
tente ftudy, he fought for no preferment ; and, accord- 
ing to the author of the biographical fketch of him 
publiihed in the Gentleman’s Magazine, he lived not in 
an age when merit was urged forward. Yet, in the ca- 
pacity of a curate, but without any ialary, he long did 
the duty, with exemplary diligence and zeal, in his own 
chapel at Catefby, which, after the demolition of the 
church of the nunnery there, ferved as a parifh-church, 
of which alfo he was the patron. 

When, feveral years after, it fell to his lot to exercife 
the right of prefentation, he was fo unfafhionable as to 

confider church-patronage as a truft rather than a pro. Parkhurft 
perty ; and, accordingly, refilling the influence of inte-' v 
reft, favour, and affection, prefented to the vicarage of 
Epfom, in Surrey, the Rev. Jonathan Boucher, who 
ftill holds it. This gentleman was then known to him 
only by character ; but having diftinguilhed himfelf in 
America, during the revolution, for his loyalty, and by- 
teaching the unfophifticated dottrines of the church of 
England to a fet of rebellious fchifmatics at the peril of 
his life, Mr Parkhurft thought, and juftly thought, that 
he could not prefent to the vacant living a man who 
had given better proofs of his having a due fenle of the 
duties of his office. 

In the year i754j Mr Parkhurft married Sufanna 
Myfler, daughter, and, we believe, heirels of John 
Myfter, Efq; of Epfom. It was thus that he became 
patron of the living which he beftowed on Mr Boucher. 
This lady died in 1759, leaving h,m a daughter and 
two fons ; both the fons are now dead. In the year 
1761, he married again Millicent Northey, daughter of 
Thomas Northey, Efq; by whom he had one daughter, 
now married to the Rev. Jofeph Thomas. 

In the year I7>3» he began his career of authorlhip, 
by publifhing, in 8vo, “ A friendly addrefs to the Rev. 
Mr John Wefley, in relation to a principal Do&rine 
maintained by him and his Afliftants.” This work we 
have not feen ; but though we have no doubt of its va- 
lue, we may fafely fay that it was of very little import- 
ance, when compared with his next publication, which 
was “ An Hebrew and Englifh Lexicon, without 
Points ; to which is added, a methodical Hebrew 
Grammar, without Points, adapted to the ufe of Learn- 
ers, 1762,” 4to. To attempt a vindication of all the 
etymological and philofophical difquifitions which are 
fcattered through this dictionary, wrould be very fruit- 
lefs ; but it is not perhaps too much to fay, that we 
have nothing of the kind equal to it in the Englifh lan- 
guage. He continued, however, to corredl and improve 
it; and in 1778 another edition of it came out much 
enlarged, and a third in 1 792. 

His philological ftudies were not confined to the He- 
brew language ; for he publifhed a Greek and Englifh 
Lexicon to the New Teftament ; to which is prefixed, 
a plain and eafy Greek Grammar, 1769, 4to ; a fecond 
edition, 1794 : and at his death there was in the prefs 
a new edition of both thefe lexicons ; in a large 8vo, 
with his laft correftions ; for he continued to revife, 
correCl, add to, and improve, thefe works, till within 3 
few weeks of his death. As, from their nature, there 
cannot be fuppofed to be any thing in didlionaries that 
is particularly attractive and alluring, this continued in- 
creafing demand for thefe two feems to be a fufficient 
proof of their merit. 

He publifhed, “ The Divinity and Pre-exiftence of 
our Lord and Saviour Jefus Chrift, demonftrated from 
Scripture ; in Anfwer to the firft SeCtion of Dr Prieft- 
ley’s Introduction to the Hiftory of early Opinions 
concerning Jefus Chrift ; together with StriClures on 
fome other Parts of the Work, and a Poftfcript rela- 
ting to a late Publication of Mr Gilbert Wakefield, 
1787/’ 8vo. This work was very generally regarded 
as completely performing all that its title-page promi- 
fed ; and accordingly the whole edition was foon fold 
off. The brief, evalive, and very unfatisfaClory notice 

taken 
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V.khurft. taken of this able pamphlet by Dr Priellley, in “ A 
 Letter to Dr Horne>

,, &c. fhewed only that he was 
unable to anfwer it. 

Mr Parkhuiit was a man of very extraordinary inde- 
pendency of mind and firmnefs of principle. In early 
life, along with many other men of diltinguifhed learn- 
ing, it was alfo objected to him, that he was an Hut- 
chinfonian ; and on this account alone, in common with 
them, it has been faid that he was neglected and fhunned. 

There is not, in the hiitory of the times, lays the 
biographer already quoted, a circumftance more diffi- 
cult to be accounted tor than the unmerited, but inerea- 
fmg, dilcountenance (hewn to thofe perfons to whom 
Hutchinfonianifm was then obje&ed. Methodifts, Pa- 
piits, and feitaries of any and of every name, all (food 
a better chance of being noticed and eileemed than 
Hutchinfonians. Had it even been proved that the 
few peculiar tenets by which they were diftinguifhed 
from other Chriftians were erroneous, the oppolition 
they expeiienced might have been deemed hard tnenfure, 
bccaufe even their opp ments allowed their principles to 
be inoffenfive, and themfelves to be learned. ^ 

Is this a fair date of the cafe ? We think not. The 
early Hutchinfonians had imbibed all the peculiar no- 
tions of their mailer, and maintained them with a de- 
gree of acrimony which would have dilgraced any 
caufe. Being in general very little acquainted with the 
higher mathematics, as Mr Hutchinion himfelf feems 
likewife to have been, they cenfured dogmatically 
works which, without that knowledge, they could not 
fully underftand ; whillt they maintained, with equal 
dogmatifm, as matters of fa£t, hypothefes, which a mo- 
derate (hare of mathematical fcience would have ffiewn 
them to be impoffible. Had they ftopt here, no harm 
would have been done ; they might have enjoyed their 
favourite notions in peace : but unfortunately they ac- 
cufed of Atheifm, Deifm, or Socinianilm, all who 
th ught not exactly as they thought, both in natural phi- 
lofophy and in theology. Becaufe Newton and Clarke 
had demonttrated that the motions of the planets can- 
not be the effedt of the impulfion of any material fluid, 
Hutchinfon, with fome of his followers, affirmed, that 
thefe two illuftrious men had entered into a ferious de- 
fign to overturn the Chriltian religion, and eftahlifh in 
England the worffiip of the Heathen Jupiter, or the 
Stoical antma mundi, Becaufe the bifhops Pearfon, 
Bull, and others, who had uniformly been confidered 
as the ableft defenders of the Catholic faith, thought 
not exadbly as Hutchinfon thought of the filiation of 
the Son of God, they were condemned by the pupils 
of his fchool as /drians, or at lealt Semi-arians ; and the 
writer of this fketch has heard a living Hutchinfonian 
pronounce the fame cenfure, and for the fame reafon, 
on the prefent illuftrious Biffiop of Rochefter, and the 
no lefs illuftrious Whitaker. 

That men, who thus condemned all that before 
them had been deemed great and good in phyfical 
fcience and Chriftian theology, fhould meet with fome 
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difcountenance while they continued of fuch a fpirit, Parfchurft. 
needs not furely excite much wonder ; but that the dif- 
countenance is increaling, we believe not to be true. 
The Hutchinfonians, as foon as they became lefs vio- 
lent againft thofe who differed from them, had their 
ffiare of preferment, in proportion to their number, 
with others ; and we doubt not they will continue to 
have it, while they allow that a man may be no heretic, 
though he believe not Mr Hutchinfon to have been in- 
fallible. The late excellent Bifhop Horne was an avow- 
ed Hutchinfonian, though not an outrageous one like 
Julius Bate ; and w'e have been told, and have reafon 
to believe, that the Bilhop of St Aiaph is likewife a 
moderate favourer of the fame fyftem. There may be 
others on the epifcopal bench ; but perhaps two out of 
twenty-fix is ihe full proportions of Hutchinfonian di- 
vines of eminence in England. It is true that Mr 
Parkhurft was a man of great learning and great worth; 
but before we attribute his want of preferment in the 
church to his Hutchinfonianitm, it is incumbent upon 
us to lay why Mr Whitaker, who is no Hutchinfonian, 
is Hill nothing more than the reftor of Rnan-Lanyhorne. 

Mr Parkhurft, however, was not, if his biographer 
deferves credit, a thorough paced Hutchinlonian ; for 
though he continued to read Hutchinfon’s writings as 
long as he read at all, he w as ever ready to allow, that 
he was oftentimes a confufed and bad writer, and fome- 
times unbecomingly violent. To have been deterred 
from reading the works of an author, who, with all his 
faults, certainly throws out many ufeful hints, for fear 
of being thought a Hutchinfonian, w^ould have betray- 
ed a pufillanimity of wdiich Mr Parkhurft was inca- 
pable. What he believed he was not afraid to profefsj 
and never profeffed to believe any thing which he did 
not very fmcerely believe. An earneil lover of truth, 
he fought it w here only it is to be found—in the Scrip- 
tures (a). The ftudy of thele wras at once the bufinefs 
and the pleafure of his life ; from his earlieft to his la- 
teft years lie was an.hard ftudent : and had the daily 
occupations of every 24 hours of his life been portioned 
out, as it is faid thofe of king Allred w'ere, into three 
equal parts, there is reafon to believe that a deficiency 
would rarely have been found in the eight hours allotted 
to ftudy. What the fruits have been ot a life fo conduct- 
ed, few theologians, it is pretumed, need to be inform- 
ed, it being hardly within the fcope of a luppoiition, 
that any man will now fit down to the ftudy of the 
Scriptures wu’thout availing himfelf of the affiftance to 
be obtained from his learned labours. Thefe labours 
ceafed at Epfom in Surrey, where this great and good 
man died, on March the 21ft, 1 797. Beiides the works 
wdiich we have mentioned, there is in the Gentleman’s 
Magazine, for Auguft 1797, a curious letter of his on 
the confulion of 'l ongues at Babel 

Mr Parkhurft’s chara&er may be colleCled wn'th to- 
lerable accuracy even from this imperfed fketch of bis 
life. His notions of church patronage do him honour ; 
and as a farther inftance of the high fenfe he entertain- 
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(a) This is vague language, which is the fource of much ufelefs controverfy, and therefore ought to be avoid- 
ed. If by truth, in this paffage, be meant religious truth, we admit the affertion in the only fenfe in which we 
think it can have been made. If the author means all truth, he writes nonfenfe j for the Scriptures treat not of 
geometry or algebra, where truth is certainly to be found j and we think that they have a higher objeft than even 
mechanics and ajlronomy. 



PAR C 332 1 PAR 
Parkhurft, ed of ft rift juftice, and the fteady refolution with which 
Parkinfot'. jie praftlfed it on all occafions, an incident which oc- 

v 1 ' 'curred between him and one of his tenants, within thefe 
'ten years, may here be mentioned. 1 his man falling be- 
hind hand in the payment of his rent, which was L. 500 
per annum, it was reprefented to his landlord that it was 
owing to his being over-rented. This being believed to 
be the cafe, a new valuation was made; and it was then 
agreed that, for the future, the rent fhould not be more 
than L.450. Juftly inferring, moreover, that if the 
farm was then too dear, it mull neceflarily have been al- 
ways too dear, unalked, and of his own accord, he im- 
mediately {b uck off L. 50 from the commencement of 
the leafe ; and inftantly refunded all that he had re- 
ceived more than L.450 per annum. 

Mr Parkhuvft was in his perfon rather below the 
middle fize, but remarkably upright, and firm in his 
gait. He was all his life of a fickly habit: and his 
leading fo remarkably ftudious and/edentary a life (it 
having, for many years, been his conftant practice to 
rife at five, and, in winter, to light his own fire) to the 
very verge of David’s limits of the life of man, is a con- 
folatory proof to men of fimilar habits, how much, lin- 
ger many difadvantages, may Hill be effefted by ftridl 
temperance and a careful regimen. He alfo gave lefs 
of his time to the ordinary interruptions of life than is 
common. In an hofpitable, friendly, and pleafant 
neighbourhood, he vifited little ; alleging, that fuch a 
courfe of life neither fuited his temper, his health, nor 
his ftudies. Yet he was of fociable manners ; and his 
coiiverfation always inftru&ive, oftep delightful : for 
his ftores of knowledge were fo large, that he too has 
often been called a walking library. He belonged to 
no clubs ; he frequented no public places; and there are 
few men who, towards the clofe of life, may not, on a 
retrofpedb refledl with (hame and forrow, how much of 
their precious time has thus been thrown away, or per- 
haps worfe than thrown away. 

Like many other men of infirm and fickly frames, 
Mr Parkhurft was alfo irritable, and quick, warm, and 
earneft, in his refentments, though never unforgiving. 
But whether it be or be not a matter of reproach to 
poffefs a mind fo conftituted, it certainly is much to 
any man’s credit to cgunteradl and fubdue it by an at- 
tention to the injunftions of religion. This Mr Park- 
hurft effedlually did: and few men have puffed through 
a long life more at peace with his neighbours, more .re- 
fpefted by men of learning, more beloved by his friends, 
or more honoured by his family. 

Bhg.Dia. PARKINSON (John). Of this ingenious Englifh 
botanift, one of the firft and moft induftrious cultiva- 
tors of that fcience among us, the memorials that re- 
main are very fcanty. He was born in 1567, was bred 
an apothecary, and refided in London. He rofe to fuch 
reputation in his profeffion as to be appointed apothe- 
cary to King James I.; and, on the publication of his 
Theatre of Plants, he obtained from the unfortunate 
fucceffor of that prince the title of Botanicus Regis pri- 
marius. The time of his death cannot be exactly afcer- 
tained ; but, as his Herbal was publifhed in 1640, and 
it appears that he was living at that time, he muft have 
attained his 73d year. 

Parkinfon’s firft. publication was, his I. Paradiji in 
Sole Paradifus terrejlrisy or, A Garden of all Sorts of 

Pleafant Flowers which our Englifh Ayre will permit Parkinfonr 
to be nurfed up : with a Kitchen-garden of all manner _ Paifons. 
of Herbes, Roots, and Fruits, for Meat or Saufe, &c. 'r”“J 

&c. Colle&ed by John Parkinfon apothecary, of Lon- 
don, 1629, folio, 612 pages. In this work the plants 
are arranged without any exadl order: nearly 1000 
plants are feparately deferibed, of which 780 are figu- 
red on 129 tables, which appear to have been cut ex- 
prefsly for this work. Parkinfon was, it is conceived, 
the firft Englifh author who feparately deferibed and 
figured the fubjedls of the flower-garden ; and this book 
is therefore a valuable curioiity, as exhibiting a com- 
plete view of the extent of the Englifh garden at the 
beginning of the 17th century. It may, perhaps, be 
neceffary to inform the reader, that Paradifus in Sole, is 
meant to exprefs the author’s name. Park in fun.. 2. In 
1640 he publifhed his Thealrum Botanicum; or Theatre 
of Plants, or an Herbal of a large extent: containing 
therein, a more ample and exadft Hiftory and declaration 
of the Phyfical Herbs and Plants than are in other Au- 
thors, &c. &c. London, folio, 1746 pages—Tin's work 
had been the labour of the author’s life ; and he tells 
us that, owing to “ the difaftrous times,” and other 
impediments, the printing of it was long retarded. Dr 
Pulteney is of opinion that, allowing for the defeats 
common to the age, Parkinfon will appear “ more of 
an original author than Gerard or Johnfon, indepen- 
dent. of the advantages he might derive from being pof- 
terior to them. His theatre was carried on through a 
long feries of years, and he profited by the works of 
fome late authors, which Johnfon, though they were 
equally in his power, had negle&ed to ufe. Parkinfon’s 
deferiptions, in many inftances, appear to be new. He 
is more particular in pointing out the places of growth. 
Johnfon had deferibed about 2850 plants, Parkinfon 
has near 3800. Thefe accumulations rendered the The- 
atrum Bolanicum the moft copious book on the fubjedl 
in the Englifh language ; and it may be prefumed that 
it gained equally the approbation of medical people, 
and of all thofe who were curious and inquifitive in this 
kind of knowledge.” 

PARSONS (James), an excellent phyfician and po- 
lite fcholar, was born at Barnftaple, in Devonfliire, in 
March 1705. His father, who was the youngeft of 
nine fons of Colonel Parfons, and nearly related to the 
baronet of that name, being appointed barrack mafter 
at Bolton in Ireland, removed with his family into that 
kingdom foon after the birth of his then only fon 
James, who received at Dublin the early part of his e- 
ducation, and, by the afliftance of proper mafters, laid 
a confiderable foundation of claflical and other ufeful 
learning, which enabled him to become tutor to Lord 
Kingfton. Turning his attention to the ftudy of me- 
dicine, he wrent afterwards to Paris, where (to ufe his 
own wmrds) “ he followed the moft eminent profeffors 
in the feveral fchools, as Aftruc, Dubois, Lemery, and 
others ; attended the anatomical leftures of the moft 
famous [Hunaud and De Cat] ; and chemicals at the 
King’s Garden at St Come. He followed the phyfi- 
cians in both hofpitals of the Hotel Dieu and La Cha- 
rite, and the chemical ledlures and demonftrations of 
Lemery and Bouldoc; and in botany Juifieu. Having 
finifhed thefe ftudies, his profeflbrs gave him honour- 
able atteftations of his having followed them with dili- 

gence 
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Parfons. gence and Induftry* which intitled him to take the de- 

grees of do6lor and profeiTor of the art of medicine, in 
any univerfity in the dominions of France. Intending 
to return to England, he judged it unneceffary to take 
degrees in Paris, unlefs he had refolved to refide there; 
and as it was more expenfive, he therefore went to the 
univerfity of Rheims, in Champaign, where, by virtue 
of his atteftations, he was immediately admitted to 
three examinations, as if he had finifhed his lludies in 
that academy ; and there was honoured with his de* 
grees June 11. 1736, In the July following he came 
to London, and was foon employed by Dr James Dou- 
glas to affift hirn in his anatomical works, where in fome 
time he began to pradlife. He was elected a member 
of the Royal Society in 1740; and, after due exami- 
nation, was admitted a licentiate of the college of phy- 
ficians April 1. 1751 ; paying college fees and bond 
ftamps of different denominations to the amount of 
L. 41 : 2 : 8, fubjeft alfo to quarterage of L. 2 
per annum. In 1755 he paid a farther fum of 7, 
which, with the quarterage money already paid, made 
up the fum of L. 16, in lieu of all future payments.” 
On his arrival in London, by the recommendation of 
his Paris friends, he was introduced to the acquaintance 
of Dr Mead, Sir Hans Slone, and Dr James Douglas. 
This great anatomiit made ufe of his affillance, not on- 
ly in his anatomical preparations, but alfo in his repre- 
fentations of morbid and other appearances ; a lift of fe- 
veral of which was in the hands of his friend Dr Maty, 
who had prepared an eloge on Dr Parfons, which was 
never ufed, but which, by the favour of Mrs Parfons, 
Mr Nichols has preferved at large. Though Dr Par- 
fons cultivated the feveral branches of the profefiion of 
phyfic, he was principally employed in the obftetrieal 
line. In 1738, by the intereft of his friend Dr Dou- 
glas, he was appointed phyfician to the public infif- 
mary in St Giles’s. In 1739 he married Mifs Eliza- 
beth Reynolds, by whom he had two fons and a daugh- 
ter, who all died young. Dr Parfons refided for ma- 
ny years in Red Lion Square, where he frequently en- 
joyed the company and converfation of Dr Stukely, Bi- 
Ihop Littleton, Mr Henry Baker, Dr Knight, and 
many other of the moft diltinguilhed members of the 
Royal and Antiquarian Societies, and that of Arts, 
Manufactures, and Commerce ; giving weekly an ele- 
gant dinner to a large but feleCt party. He enjoyed al- 
io the literary correfpondence of D’Argenville, Buffon, 
Le Cat, Beccaria, Amb. Betrand, Valltravers, Afca- 
nios, Turberville Needham, Dr Garden, and others of 
the moft diftinguilhed rank in fcience. As a practi- 
tioner, he was judicious, careful, honeft, and remarkably 
humane to the poor ; as a friend, obliging and commu- 
nicative; chearful and decent in converfation, fev'ere 
and itrid in his morals, and attentive to fill with pro- 
priety all the various duties of life. In 1769, finding 
his health impaired, he propofed to retire from buli- 
nefs and from London ; and with that view difpofed of 
a confiderable number of his books and fofiils, and 
went to Briftol. But he returned foon after to his old 
houfe, and died in it after a week’s illnefs, on the 4th 
of April, 1770. By his laft will, dated in October 
1766, he gave his whole property to Mrs Parfons ; and 
in cafe of her death before him, to Mifs Mary Rey- 
nolds her only fifter, “ in recompence for her af- 
fectionate attention to him and to his wife, for a long 

courfe of years, in fickiefs and in health.” It was his 
particular requeft, that he fhould not be buried till 
fome change Ihould appear in his corpfe ; a requeft 
which occafioned him to be kept unburied 17 days, and 
even then fcarce the flighteft alteration was perceivable. 
He was buried at Hendon, in a vault which he had 
caufed to be built on the ground plirchafed on the 
death of his fon James, where his tomb had a very 
commendatory infeription. 

It would carry us beyond our ufual limits to enter 
into an enumeration of the many curious articles at va- 
rious times communicated to the public by Dr Parfons, 
which may be feen in the Anecdotes of Bowyer. We 
fhall therefore clofe this article with an extraft from 
Dr Maty’s eulogium : “ The furprifing variety of 
branches which Dr Parfons embraced, and the feveral 
living as well as dead languages he had a knowledge ofr 
qualified him abundantly for the place of affiftant fe- 
cretary for foreign correfpondences, which the council 
of the Royal Society bellowed upon him about the 
year 1750. He acquitted himfelf to the utmoft of his 
power of the functions of this place, till a few years 
before his death, when he refigned in favour of his 
friend, who now' gratefully pays this laft tribute to his 
memory'. Dr Parfons joined to his academical honouts 
thofe which the Royal College of Phyficians of Lon- 
don bellowed upon him, by admitting him, after due 
examination, licentiate, on the firft day of April 1751. 
1 he diflulive fpirit of our friend was only equalled by 
his defire of information. To both thefe principles he 
owed the intimacies which he formed with fome of the 
greateft men of his time. The names of Folkes, Hales, 
Mead, Stukely, Needham, Baker, Colinfon, and Gar- 
den, may be mentioned on this occafion, and many 
more might be added. Weekly meetings were formed, 
where the earlieft intelligence was received and commu- 
nicated of any difeovery both here and abroad ; and 
new trials were made to bring to the tell of experience 
the reality or ufefulnefs of thefe difeoveries. Here it 
was that the microfcopical animals found in feveral in- 
fufions were firft produced; the propagation of feveral 
infects by fedtion •foertained; the conftancy of Nature 
amidll thefe wonderful changes eftablilhed. • His Re- 
mains of Japhet, being Hiftorical Enquiries into the 
Affinity and Origin of the European Languages, are 
a moft laborious performance, tending to prove the an- 
tiquity of the fiift inhabitants of thefe illands as being 
originally defeended from Gomer and Magog, above 
1000 years before Chrift, their, primitive and ftill fub- 
fifting language, and its affinity with fome others. It 
cannot be denied but that there is much ingenuity, as 
well as true learning, in this work, which helps con- 
vidlion, and often fupplies the w'ant of it. But v/e 
cannot help thinking that our friend’s warm feelings 
now and then miflead his judgment, and that fome at 
lead ot his conjectures, refting upon partial traditions, 
and poetical feraps of Irifir filids and Welffi bards, are 
lefs fatisfadtory than his tables of affinity between the 
feveral northern languages, as deduced from one com- 
mon ftock. Literature, however, is much obliged to 
him for having in this, as w'ell as in many of his other 
works, opened a new field of obfervations and difeove- 
ries. In enumerating our learned friend’s difiertations, 
we find ourfelves at a lofs whether we ffiould follow 
the order of fubjedts or of time; neither is it eafy to 

account 

Parfons. 



par [ 334 
Parfon*. account for their furpriilnjr variety and quick fuccef- 

~ lion. The truth is, that his eagernefs after knowledge 
was fuch, as to embrace almoit with equal facility all 
its branches, and with equal zeal to alcertain the merit 
of inventions, and afcribe to their relpe&ive, and fome- 
times unknown, authors, the glory of the difcovery. 
Many operations, which the ancients have tranfmitted 
to us, have been thought fabulous, merely from our ig- 
norance of the art by which they were performed. Thus 
the burning of the (hips of the Romans at a confider- 
able diitance, during the liege of Syracufe, by Archi- 
medes, would perhaps ftill continue to be exploded, 
had not the celebrated M. Buffon in France (hewn the 
pofiibility of it, by presenting and deicribing a model 
of a fpecuium, or rather afiemblage of mirrors, by 
which he could fet fire at the diitance of feveral hun- 
dred feet. In the contriving, indeed, though not in 
the executing of fuch an apparatus, he had in fome mea- 
fure been forettalled by a writer now very little known 
or read. This Dr Purfons proved in a very fatisfac- 
tory manner; and he had the pleafure to find the 
French philofpher did not refufe to the Jefuit his 
fhare in the invention, and was not at all offended by 
the liberty he had taken. Another French difcovery, 
I mean a new kind of painting fathered upon the an- 
cients, was reduced to its real value, in a paper which 
fhewed our author was poffelled of a good tafte for the 
fine arts: and 1 am informed that his ikill in mufic was 
by no means inferior, and that his favourite amuiement 
was the flute. Richly, it appears from thefe perform- 
ances, did our author merit the honour of being a mem- 
ber of the Antiquarian Society, which long ago had 
affociated him to its labours. To another fociety, 
founded upon the great principles of humanity, patrio- 
tifm, and natural emulation, he undoubtedly was great- 
ly ufeful (a). He affilted at molt of their general 
meetings and committees, and was for many years 
chairman to that of agriculture ; always equally ready 
to point out and to promote ufeful improvements, and 
to oppofe the interefted views of fraud and ignorance, 
fo infeparable from very extenlive affociations. No 
fooner was M/j fociety (b) formed, than Dr Parfons 
became a member of it. Intimately convinced of the 
noblenefs of its views, though from his llation in Me 
little concerned in its fuccefs, he grudged neither attend- 
ance nor expence. Neither ambitious of taking the 
lead, nor fond of oppolition, he joined in any meafure 
he thought right ; and fubmitted cheerfully to the fen- 
timents of the majority, though againft his own private 
opinion. The jutt ideas he had of the dignity of our 
profefhou, as well as of the common links which ought 
to unite all its members, notwithilanding the differences 
of country, religion, or places of education, made him 
bear impatiently the fhackles laid upop a great number 
of refpe&able practitioners : he wiflied, fondly wifhed, 
to fee thefe broken ; not with a view of empty honour 
and dangerous power, but as the only means of ferving 
mankind more effectually, checking the progrefs of de- 
figning men and illiterate practitioners, and diffulxng 
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through the whole body a fpirit of emulation. Though 
by frequent difappointments he forefaw, as well us we, 
the little chance of a fpeedy redrefs, he nobly perfi(ted 
in the attempt ; and had he lived to the final event, e. 
would undoubtedly, like Cato, ftili have preferred the 
conquered caufe to that fupported by the gods. After 
having tried to retire from-bufinefs and from London, 
for the fake of his health, and having difpofed of moil 
of his books with that view, he found it inconfiflent 
with his happinefs to forfake all the advantages which 
a long refidence in the capital, and the many connec- 
tions he had formed, had rendered habitual to him. He 
therefore returned to his old houfe, and died in it, after 
a fhort illnefs, April 4. 1770. The ftyle of our friend's 
compofition was fufficiently clear in defeription, tho' 
in argument not fo clofe as could have been wifhed. 
Full of his ideas, he did not always fo difpole and con- 
ned them together, as to produce in the minds of his 
readers that conviction which was in his own. He too 
much defpifed thofe additional graces which command 
attention when joined to learning, obfervation, and 
found reafoning. Let us hope that his example and 
fpirit will animate all his colleagues : and that thofe 
praditioners who are in the fame circumitances will be 
induced to join their brethren, fure to find amonglt 
them thofe great bleflings of life, freedom, equality, in- 
formation, and friendfhip. As long as thefe great prin- 
ciples (hall fubfifl in this fociety, and I trull they will 
outlaft the longed liver, there is 110 doubt but the mem- 
bers will meet with the reward honed men are ambi- 
tious of, the approbation of their confcience, the e- 
deem of the virtuous, the remembrance of poderity.” 

PARODICAL Degrees, in an equation, a term 
that has been fometimes ufed to denote the feveral re- 
gular terms in a quadratic, cubic, bequadratic, &c. 
equation, when the indices of the powers afcend or dc- 
feend orderly in an arithmetical progredion. Thus, x* 
+ m x' -+• n x ~ p is a cubic equation where no term 
is wanting, but having all its parodic degrees; the in- 
dices of the terms regularly defeending thus, 3, 2, 1, o. 

PARTY Arches, in architecture, are arches built 
between feparate tenures, where the property is inter- 
mixed, and apartments over each other do not belong 
to the fame edate. 

Party Walls, are partitions of brick made between 
buildings in feparate occupations, for preventing the 
fpread of fire. Thefe are made thicker than the exter- 
nal walls; and their thicknefs iu London is regulated 
by aCt of Parliament of the 14th of George III. 

PA8SIGRAPHY, the art of writing on any fub- 
jeft fo as to be underdood by all nations (See Univcr- 
Jal Characters in this Supplement). In France, where 
every thing is admired that is new, and every vagary 
of the imagination of a pretended philofopher thought 
practicable, a propofal has lately been made to introduce 
one univerfal language into the world, condruCted by a 
few metaphylicians on the laws of human thought. And 
to this language, in its written form, is to be given the 
name of pujfigraphy. Such readers as think this idle 

dream 
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Pad-gra- 
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The Society for the Encouragement of Arts, Manufactures, and Commerce. He likewife was affociated 
to the Economical Society at Berne, Dec. 26. 176L _ t .... 

(b) A Medical Society indituted by Dr Fothergill, and other refpeCtable phyficians, licentiates, in vindication 
of their privileges j where, it Humid feem, this eulogy was intended to be pronounced. , 
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Path, dream worthy their attention (which is far from being 
Pearl. the cafe with us), will find forae ingenious thoughts on 

the hiitory of a philofophical language, in the 2d vo- 
lume of Nicholfon's Jownal of Natural Philofophy, iffc. 

PATH of the vertex, a term frequently ui'ed by 
Mr Flamfteed in his Doftrine of the Sphere, denoting 
a circle, defcribed by any point of the earth’s furface 
as the earth turns round its axis. This point is confi- 
dered as vertical to the earth’s centre ; and is the lame 
with what is called the vertex or zenith in the Ptolo- 
maic projeftion. 

PEARL Fish, is commonly confidered as an afcidta 
(fee Mytilus, Encycl.) ; but this is denied by a late 
author, who feems to have paid great attention to the 
pearl-filhery at Ceylon. It has never, he fays, been ac- 
curately defcribed. It does not relemble the afcidia of 
Linnaeus ; and as he thinks it may form a new genus, 
he gives the following account of it : 

“ The filh is faftened to the upper and lower fhells 
by two white flat pieces of mufcular fubilapce, which 
have been called ears, and extend about two inches from 
the thick part of the body, growing gradually thinner. 
The extremity of each ear lies loofe, and is furrounded by 
a double brown fringed line. Thefe lie almoft the third 
part of an inch from the outer part of the Ihell, and are 
continually moved by the animal. Next to thefe, above 
and below, are lituated two other double fringed move- 
able fubftances, like the bronchiae of a filh. Thefe ears 
and fringes are joined to a cylindrical piece of flelh of 
the fize of a man’s thumb, which is harder and of a 
more mufcular nature than the reft of the body. It 
lies about the centre of the Ihells, and is firmly attach- 
ed to the middle of each. This, in fadl, is that part 
of the pearl-filh which ferves to open and fhut the Ihells. 
Where this column is faftened, we find on the flcfh 
deep impreflions, and on the Ihell various nodes of round 
or oblong forms, like imperfeft pearls. Between this 
part and the hinge (cardo) lies the principal body of 
the animal, feparated from the reft, and lhaped like a 
bag. The mouth is near the hinge of the Ihell, enve- 
loped in a veil, and has a double flap or lip on each 
tide ; from thence we obferve the throat (afophagus) 
defcending like a thread to the ftomach. Clofe to the 
mouth there is a curved brownilh tongue, half an inch 
in length, with an obtufe point; on the concave fide of 
this defcends a furrow, which the animal opens and 
fhuts, and probably ufes to convey food to its mouth. 
Near its middle are two bluifti fpots, which feem to be 
the eyes. In a pretty deep hole, near the bafe of the 
tongue, lies the beard (byjfus), faftened by two flefhy 
roots, and conlifting of almoft 100 fibres, each an inch 
long, of a dark green colour, with a metallic luftre; they 
are undivided, parallel, and flattened. In general, the 
lyffus is more than three quarters of an inch without the 
cleft (rima); but if, the animal is difturbed, it contradts 
it coniiderably. The top of each of thefe threads ter- 
minates in a circular gland or head, like thejTigma of 
many plants. With this byjfus they faften themfelves 
to rocks, corals, and other folid bodies; by it the young 
pearl-filh cling to the old ones, and with it the animal 
procures its food, by extending and contrafting it at 
pleafure. Small Ihell fifh, on which they partly live, 
are often found clinging to the former. The ftomach 
lies clofe to the root of the beard, and has, on its lower 
fide, a protradled obtufe point. Above the ftoraach 

are two fmall red bodies, like lungs ; and from the fto- Pearl, 
mach goes a long channel or gut, which takes a circuit *>e<*ometcr- 

round the mufcular column above-mentioned, and ends ‘ ^ L 

in the anus, which lies oppofite to the mouth, and is 
covered with a fmall thin leaf, like a flap. Though 
the natives pretend to dillinguifh the fexes by the ap- 
pearance of the ihell, calling the flat ones males, and 
thofe which arc thick, concave, and vaulted, females, 
our author, on a clofe infpedlion, could not perceive 
any viiible fexual difference.” 

The pearls are only in the fofter part of the animal* 
and never in the firm mufcular column above-mention- 
ed. They are found, in general, near the earth, and 
on both fides of the mouth. From the appearance of 
the fliell a judgment may be formed, with greater or 
lefs probability, whether it contains pearls or not. Thofe 
which have a thick calcareous cruft upon them, to 
which fcrpuU (fea tubes) Tubuli marini irregular'iter in- 
torti, Crijla-gali Chamar lazuras, Lepas t'inUnabulum% 
Madreporee, MilUpore^ Cellipore, Gorgont<t, \pongia, and 
other Zoophytes, are faftened, have arrived at their full 
growth, and commonly contain the belt pearls; but 
thofe that appear fmooth, contain either none, or fmall 
ones only. 

In the article {Encycl.) intitled. Manner of Fijhing 
for Pearls in the Eajl Indies., we have moft unaccount- 
ably faid, that “ the belt divers will keep under water 
near half an hour, and the reft not lefs than a quarter!” 
This is a very great mitlake ; for M Le Beck affures 
us, that the time during which a diver is able to re- 
main under water feldom exceeds two minutes ; and 
that, even after that Ihort period, he difeharges, on 
emerging from the fea, a quantity of water, and fome- 
times a little blood, from his mouth and nofe. We have 
mentioned the danger which the divers run of becoming 
a prey to monftrous fifties. Thefe fifties are {harks ; of 
which fuch a dread is juftly entertained, that the moft 
expert divers will not, on any account, defeend, till the 
conjurer has performed his ceremonies of enchantment. 
Thefe confift in a number of prayers, learned by heart, 
that nobody, probably not even the conjurer himfelf, 
underftands, which he, ftanding on the Ihore, continues 
muttering and grumbling from fun-rife until the boats 
return. During this period, he is obliged to abftain 
from food and deep, otherwife his prayers would have 
no avail: he is, however, allowed to drink ; which pri- 
vilege he indulges in a high degree, and is frequently 
fo giddy, as to be rendered very unfit for devotion. 
Some of the conjurers accompany the divers in their 
boats ; which pleafes them very much, as they have 
their proteftors near at hand. 

PEDOMETER (fee Encycl), is the name given 
by Mr Lewin Thugwell to an inllrument, which is ra- 
ther an improved perambulator, than the inftrument 
which we have noticed by the name of Pedometer. The 
chief improvement made by him on the perambulator 
(fee that article, Encycl.) is in the fize of the wheel, 
of which the circumference meafures 164- feet, or one 
pole, adapted to Gunter’s concife method of arithmetic, 
and divided into 25 equal parts, correfponding to the 
links of his chain for land-meafuring. There is like- 
wife a contrivance in Mr Thugwell’s pedometer, for 
compelling the attention of the traveller to the infirm. 
ment at the end of every mile. It is very ingenious, 
and abundantly Ample j but we hardly think it of fuffi*. 

cient 
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’eguc. clent importance to fill the fpace which a complete de- 
“v 'J fcription of it would occupy in this work. It is fully 

defcribcd in the Letters and Papers of the Bath and IVeJl 
of England Society, for the Encouragement of Agricul- 
ture ; and likewife in the 6th volume of the Repertory 
of Arts and Manufactures. 

PEGUE, the ancient capital of the kingdom of the 
fame name (fee Pegu, EncycL), appears to have been a 
quadrangle, each fide meafuring about a mile and a half. 
It was furrounded by a ditch and wall; which, before 
the latter tumbled down, and the former was filled up, 
muft have furnifhed no contemptible defence. The 
breadth of the ditch appears to be about 60 yards ; its 
depth, where not choked up, about ten or twelve feet; 
,and there is ftill in it water enough to impede an eaftern 
fiege. The wall has been at leaft 25 feet high, and its 
breadth at the bafe not lefs than 40. It is compofed 
of brick, badly cemented together with clay mortar, 
and has had on it fmall equidiftant baftions, about 300 
yards afunder. 

Nothing can exhibit a more firiking pidlure of de- 
folation than the infide of this wall. We have elfewhere 
given an account of the almoft incefiant wars between 
the kings of Pegue and Birma or Barma. In the year 
1757, the Birman fovereign carried the city of Pegue 
by aflault, razed every dwelling to the ground, and dif- 
perfcd, or led into captivity, all the inhabitants. The 
.pagodas, which are very numerous, were the only build- 
ings that efcaped the fury of the conqueror ; and of 
thefe the great pagoda of Shoemadoo has alone been 
attended to, and repaired. 

This extraordinary edifice is built on a double ter- 
race, one raifed upon another. The lower and greater 
terrace is about ten feet above the natural level of the 
ground. It is quadrangular. The upper and lefler ter- 
race is of a like ihape, raifed about 20 feet above the 
lower terrace, or 30 above the level of the country. 
Thefe terraces are afcended by flights of Hone Heps, 
broken and negletted. On each fide are dwellings of 
the Rahaans or priefis, raifed on timbers four or five 
feet from the ground. Their houfes confifi only of a 
fingle hall. The wooden pillars that fupport them are 
turned with neatneis. The roof is of tile, and the 
fides of flieathing-boards. There are a number of bare 
benches in every houfe, on which the Rahaans fleepi 
They appear to have no furniture. 

Shoemadoo is a pyramid, compofed of brick and plaf- 
ter, with fine fhell mortar, without excavation or apei-- 
ture of any fort : octagonal at the bafe, and fpiral at 
the top. Six feet from the ground there is a wide 
ledge, which furrounds the bafe of the building ; on the 
plane of which are 57 fmall fpires, of equal fize, and 
equidifiant. One of them meafured 27 feet in height, 
and 40 in circumference at the bottom. On higher 
ledge there is another row,' confifiing of 53 fpires, of 
fimilar fhape and meafurement. A great variety ot 
mouldings encircles the building ; and ornaments, fome- 
vvhat refembling the fleur de lys, furround what may be 
called the bafe of the fpire. Circular mouldings like- 
wife gird this part to a confiderable height; above 
which there are ornaments in Hucco, not unlike the 
leaves of a Corinthian capital ; and the whole is crown- 
ed b) a tee, or ^umbrella of open iron-work, from which 
rifes an iron rod with a gilded pendant. 

The extreme height of the building, from the level 

of the country, is 361 feet; and above the interior ter- 
race, 331 feet. On; the fouth eaH angle of the upper 
terrace there are twro handfome falcons, or heouns, late- 
ly eredted. The roof is compofed of different Hages, 
fupported by pillars. Captain Symes, from whofe me- 
moir in the Afiatic Refearches this account is taken, 
judged the length of each faloon to be about 60 feet, 
and the breadth 30. The ceiling of one of them was 
already embellifhed with gold leaf, and the pillars lac- 
quered ; the other, when he faw it, was not comple- 
ted. They are made entirely of wood. The carving 
on the outfide is very curious. He faw feveral unfinilh- 
ed figures, intended to be fixed on different parts of the 
building ; feme of them not ill fhapen, and many ex- 
ceedingly grotefque. Splendid images of Gaudma (the 
Birman objeft of adoration) were preparing, which he 
under Hood were defigned to occupy the infide of thefe 
keouns. 

At each angle of the interior terrace is a pyramidi- 
cal pagoda, 67 feet in height, refembling, in miniature, 
the great pagoda. In front of the one in the fduth-weff 
corner are four gigantic reprefentations in mafonry of 
Palloo, or the man drjlroyer, half beaH, half human, feat- 
ed on their hams, each with a large club on the right 
ffioulder. 

Nearly in the centre of the call face of the area are 
two human figures in Hucco beneath a gilded umbrella. 
One Handing, reprefents a man with a book before him, 
and a pen in his hand. He is called Thagiamee, the 
recorder of mortal merits and mortal mifdeeds. The 
other, a female figure kneeling, is Maha Sumdere, the 
protedlrefs of the univerfe, as long as the univerfe is 
doomed to laff: but w hen the time of general diffolu- 
tion arrives, by her hand the world is to be overwhelm- 
ed, and defiroyed everlafiingly. 

On the north fide of the great pagoda are three large 
bells, of good wmrkmanfhip, fufpended near the ground 
between pillars. Several deers horns are ffrewed around. 
Thofe w ho come to pay their devotions iirff take up 
one of the horns, and Ht ike the bell three times, giving 
an alternate Hroke to the ground. This act is to an- 
nounce to the fpirit of Gaudma the approach of a fup- 
pliant. There are feveral low benches near the bottom 
of the pagoda, on which the perfon who comes to pray 
places his offering ; which generally confifis of boiled 
rice, a plate of fweetmeats, or cocoa-nut fried in oil. 
When it is given, the devotee cares not what becomes 
of it. The crows and dogs commonly eat it up in the 
prefence of the donor, who never attempts to prevent 
or moleff the animals. 

There are many fmall pagodas on the areas of both 
terraces, which are negle&ed, and fuffered to fall into 
decay. Numberlefs images of Gaudma lie indiferimi- 
nately fcattered. A pious Birman who purchafes an 
idol, firff procures the ceremony of confecration to be 
performed by the Rahaans, then takes his purchafe to 
whatever facred building is moft convenient, and there 
places it either in the (belter of a kebun, or on the open 
ground before the temple : nor does he ever after feem 
to have any anxiety about its prefervation, but leaves 
the divinity to fiiift for itfelf. 

From the upper ledge that furrounds the bafe of 
Shoemadoo, the profpeft of the country is extenfive 
and pidturefquc ; but it is a profpedl of Nature in her 
rudeff Hate. There are few inhabitants, and fcarcely 

any 
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Pcg«. any cultivation. The hills of Martaban rife to the eail- 

ward : and the Sitang river, winding along the plains, 
gHTes here and there an interrupted view of its waters. 
1 o the north-north weft, above 40 miles, are the Gal- 
ladzel hills, wrhence the Pegue river takes its rife ; hills 
lemaikable only for the noifome effects of their atmof- 
phere. In every other direction the eye looks over a 
boundlefs plain, chequered by a wild intermixture of 
wood and water. 

1 he prefent king of the Birmans has entirely altered 
the fyftem of his predeceflbrs. He has turned his at- 
tention to the population and improvement, rather than 
the extenlion, of his dominions ; and feems more defi- 
rous to conciliate his new fubje&s by mildnefs, than to 
rule them through terror. He has abrogated feveral 
fevere penal laws impofedupon the Taliens or Peguers : 
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pots of water on the roof, And there is a particular 
clais of people, whofe bufinefs it is to prevent and ex- 
tinguifh fires. 

PEISHCAR, in Bengal, principal i/i office. 
PEISHCUSH, a fine, tribute, or prefent. 

. (Dr John), an eminent Englifh mathemati- 
cian, deicended from an ancient family in Lincolnfhire, 
was born at Southwick in Suffex, March 1. 161 o, where 
his lather was minifter. He received his grammar edu- 
cation at the free fchool at Stenning in that county. 
At the age of 13 he was fent to Trinity college in 
Cambridge, being then as good a fcholar as moll maf- 
ters of arts in that univerfity ; but though he was emi- 
nently Ikilled in the Greek and Hebrew languages, he 
never offered himfelf a candidate at the ele<aion of fcho- 
lars or fellows of his college. His perfon was hand 
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julScc is now diftribn., d irapa«;ally , and the on%. difl fun)e; 
tindlion at prefent between a Birman and 1 alien COn- IIO 1r irvna 11/3 /I...3 *. . tindlion at prefent between a Birman and Talien con- 
fifts in the exclufion of the latter from all public offices 
of truft and power. 

No a£l of the Birman government is more likely to 
reconcile the Taliens to the Birman yoke than the re- 
iteration ot their ancient place of abode, and the pre- 
fervation and embellilhment of the pagoda of Shoema- 
doo. So fenlible was the king of this, as well as of the 
ad\ antages that mull accrue to the Hate from an in- 
Cie.ife of culture and population, that fome years ago 
he iffued orders to rebuild Pegue, encouraged new fet- 
tlers by liberal grants, and invited the fcattered families 
of former inhabitants to return and repeople their de- 
ferted city. 

Pegue, in its renovated Hate, feems to be built on the 
plan of the former city. It is a fquare, each fide mea- 
faring about half a mile. It is fenced round by a 
ftockade, from 10 to 12 feet high. There is one main 
ftreet running eaft and weft, which is interfedled at right 
angles by two fmaller llreets, not yet finilhed. At 
each extremity of the principal^reet there is a gate in 
the ftockade, which is Ihut early in the evening. After 
that hour, entrance during the night is confined to a 
wicket. Each of thefe gates is defended by a lorry 
piece of ordnance, and a few mulqueteers, who never 
poll centineis, and are ufually afieep. There are alio 
two other gates oh the north and fouth fides of the 
ftockade. 

I h« houfes of the inhabitants of Pegue are far from 
commodious, agreeably to European notions of accom- 
modation ; but they are at leall as much fo as the houfes 
of other Indian towns. There are no brick buildings 
iii Pegue, except luch as belong to the king, or are de- 
dicated to Guadma. The king has prohibited the ufe 
of brick or Hone in private buildings, from the appre- 
henfion, that if people got leave to build brick houfes, 
they might ere£l brick fortifications, dangerous to the 
fecurity of the Hate. The houfes, therefore, are all 
made of mats or Iheathing-boards, fupported on bam- 
boos or polls. Being compofed of Inch combullible 
materials, the inhabitants are under continual dread of 
fire, againll which they take every precaution. The 
roofs are lightly covered ; and at each door Hands a 
long bamboo, with a hook at the end, to pull down the 
thatch : alfo another pole, with a grating of fplit bam- 
boo at the extremity, about three feet fquare, to fup- 
prefs flame by preflure. Almoft every houfe has earthen 
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no recreations, lie prolecuted his ftudies with ihe more 
application and intenfenefs. 

In 1629 be drew up the t( Defcription and Ufe of the 
Quadrant, written for the Ufe of a Friend,” in two 
books ; the original manufeript of which is ft ill extant 
among his papers in the Royal Society. And the famd 
year he held a correfpondence with Mt Bri^cfs on the 
fubjedt of logarithms. 

In 1630, he wrote Modus fupputandi Ephemerides 
-AJlrovomicasy ad. an. 1630 accommodatus ; and, A 
Key to unlock the meaning of Johannes Trithemius, in 
his Difcourfe on Steganography : which Key he impart- 
ed to Mr Samuel Hartlib and Mr Jacob Homed*, 
The fame year he took the degree of Mailer of Arts ac 
Cambridge. And the year following he was incorpo- 
rated in the UniverJity of Oxford. June the 7th, he 
wrote A Letter to Mr Edmond Wingate on Loga- 
rithms : and, 061. 5. 1631, Commentationes in Ccfmovra- 
phiam Aljledii. 

In 1632 he married Ithamaria, fecond daughter of 
Mi Henry Reginolles of London, by whom he had four 

Tons and four daughters—March 6. 1634, he finilhed 
his “ Aftronomical Hillory of Qbfervations of Heaven- 
ly Motions and Appearances and April the toth, his 
Ecliptic a Prognojhca, or Foreknower of the Eclipfes, 5cc. 
In 1634 he tranilated “ The Everlafting Tables of Hea’ 
venly Motions,” grounded upon the Obfervations of all 
Rimes, and agreeing with them all, by Philip Lanf- 

Ghent in Flanders. And June the 12th, the 
fame year, he committed to writing “ The Manner of 
Deducing his Aftronomical Tables out of the Tables 
and Axioms of Philip Lanlberg.”—March the oth, 
1625, he vyrote, “ A Letter of Remarks on Gellibrand’s 
Mathematical Difcourle on the Variation of the Man-- 
netic Needle.” And the 3d of June following, ano- 
ther on the fame fuhjedl. 

His eminence in mathematical knowledge was now 
fo great, that he was thought worthy of a Profeffor’s 
ciiai> in that fcience ; and, upon the vacancy of one at 
Amfterdam in 1639, Sir William Bofwell, the Englifii 
Refident with the States General, ufed his intereft, that 
he might fucceed in that Profefforftiip. It was not fill-* 
ed up, however, till 1642, when Pell was chofen to it • 
and he read with great applaufe public leclules upon 
Diophantus. In 1644 he printed at Amfterdam, in 
two pages 4to ‘‘A Refutation of Longomontanus’s 
Dilcourle,” JDc Vera Circuli Menfura 
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In 1646, on the invitation of the Prince of Orange, 
he removed to the new college at Breda, as Profeffor 
of Mathematics, with a falary of 1000 guilders a year. 
His Idea Mathefeos, which he had addrelfed to Mr 
Hartlib, who in 1639 had fent it to Des Cartes and 
Merfenne, was printed 1630 at London, in izmo, in 
Englifh, with the title of /In Idea of Mathematics, at 
the end of Mr John Durie’s Reformed Library-keeper. 
It is a'lfo printed by Mr Hook, in his Philofophical 
Colledlions, N° 5. p. 127. ; and is efteemed our author’s 
principal work. 

In 1652 Pell returned to England; and in 1654 he 
was fent by the Protedtor Cromwell agent to the Pro- 
teilant Cantons in Switzerland ; where he continued 
till June 23. 1658, when he fet out for England, where 
he arrived about the time of Cromwell’s death. . His 
negociations abroad gave afterwards a general fatislac- 
tion, as it appeared he had done no fmall fervice to the 
interell of King Charles IT. and of the church of Eng- 
land ; fo that he was encouraged to enter into holy or- 
ders : and in the year 1661 he was inftituted to the 
redlory of Fobbing in Efl'ex, given him by the king. 
In December that year, he brought into the upper 
houfe of convocation the kalendar reformed by him, af- 
lifted by Sancroft, afterwards archbilhop of Canter- 
bury. In 1673 he was prefented by Sheldon, bilhop 
of London, to the reddory of Laingdon in Lffex ; and 
upon the promotion of that bifhop to the fee of Can- 
terbury foon after, became one of his domeftic chap- 
lains. " He was then dodlor of divinity, and expefted 
to be made a dean ; but his improvement in the philo- 
fophical and mathematical fciences was fo much the bent 
of his genius, that he did not much purfue his private 
advantage. I he truth is, Ire was a helplefs man, as to 
wordly affairs ; and his tenants and relations impofed 
upon him, cozened him of the profits of his parfonage, 
and kept him fo indigent, that he wanted neceffaries, 
even ink and paper, to his dying day. He was for 
fome time confined to the King’s bench prifon for debt ; 
but in March 1682, was invited by Dr Whitler to live 
in the college of phyficians. Here he continued 
till June following ; when he w^as obliged, by his ill 
Rate of health, to remove to the houfe of a grand-child 
of his in St Margaret’s church-yard, Weftmiufter. But 
he died at the houfe of Mr Cothorne, reader of the 
church of St Giles’s in the Fields, December the 12th, 
1685, in the 74th year of his age, and wras interred at 
the expence of Dr Bufhby, mafter of Weftminltoi fchool, 
and Mr Sharp, re&or of St Giles’s, in the redtor’s 
vault under that church.—Dr Pell publifhed fome other 
things not yet mentioned ; a lilt of which is as follows, 
•viz. 

I. An Exercitation concerning Ealtcr ; 1644, in 4to, 
2. A Table of 10,000■ fquare numbers, &c. ; 1672, 
folio. 3. An Inaugural Oration at his entering upon 
the ProfefTbrfhip at Breda. 4. He made great altera- 
tions and additions to Rhonius’s Algebra, printed at 
London 1668, qto, under the title of An Introduftion 
to Algebra, tranflated out of the High Dutch into 
Englifh by Thomas Branker, much altered and aug- 
mented by D. P. (Dr Pell). Alfo a Table of Odd 
Numbers, lefs than 100,000, fhewing thofe that are in- 
compofite, &c. fupputated by the fame Thomas Bran- 
ker. 5. His Controverfy with Longomontanus con- 
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cerning the Quadrature of the Circle; Amlterdara, [ Mr, 
1646,410. v—1-_L 

He likewife wmote a Demonftration of the 2d and 
icth books of Euclid p which piece was in MS. in the 
library of Lord Brereton in Chefhire : as alfo Archi- 
medes’s Arenarius, and the greateft part of Diophan- 
tus’s fix books of Arithmetic ; of which author he was 
preparing, Auguft. i644» a edition, in which he 
intended to correft the tranflation, and make new 
illuftrations. He defigned likewife to publifh an edi- 
tion of Apollonius ; but laid it afide, in May i645> 
the defire of Golius, who was engaged in an edition of 
that author from an Arabic manufcript, given him at 
Aleppo 18 years before. Letters of Dr Pell to Sir 
Charles Cavendifh, in the Royal Society. 

Some of his manufcripts he left at Brereton in 
Chefhire, where he refided fome years, being the feat of 
William Lord Brereton, wdio had been his pupil at Bre- 
da. A great many others came into the hands of Dr 
Bufby; w'hich Mr Hook was defired to ufe his endea- 
vours to obtain for the Society. But they continued 
buried under duft, and mixed with the papers and pam- 
phlets of Dr Bulby, in four large boxes, till 1755 » 
when Dr Birch, fecretary to the Royal Society, pro- 
cured them for that body, from the truflees of Dr 
Bufby. The colle&ion contains, not only Pell’s ma- 
thematical papers, letters to him, and copies of thofs 
from him, &c. but alfo feveral manufcripts of Walter 
Warner, the mathematician and philofopher, who lived 
in the reigns of James I. and Charles I. 

Dr Pell invented the method of ranging the feveral 
fleps of an algebraical calculus, in a proper order, in 
fo many diflindl lines, with the number affixed to each 
ilep, and a fhort defcription of the operation or procefs 
in the line. Fie alfo invented the chara&er -7- for di- 
vifion, for involution, lu for evolution*. * Huthni 

PELLETIER (Bertrand), was born at Bayonne 
in 1761, and very ioon began to difplay an mfatiable^ D^’ 
thirft of fcience. It frequently happens, however, that ‘ -y‘ 
young men, fincerely defirous of inftrutlion, have no 
means or place where they can be affifled in the deve- 
lopement of their natural talents, no maflet who may 
point out the direct road to fcience, and that order and 
method, without which the efforts of the individual too 
often lead him from the object of his purfuit, inltead of 
bringing him nearer to it. This wras not tne cafe with 
young Pelletier. He found every advantage in his fa- 
ther’s houfe, where he received the firft elements of the 
art of which he was afterwards the ornament ; and his 
fubfequent progrefs was made under Darcet, who ha- 
ving remarked in him that fagacity which may be call- 
ed the inltina of fcience, admitted him among the pu- 
pils attached to the chemical laboratory of the college 
of France. Five years of conftant application and tlu- 
dy under fuch a mailer, who was himfelf formed by na- 
ture, perfected by experience, and affectionately difpo- 
fed towards his pupil, afforded this young man a flock 
of knowledge very unufual at his age. He foon gave 
a convincing proof of this, by publifhing, at the age of 
21, a fet of very excellent obfervations on the arfenical 
acid. Macquer, by mixing nitre with the oxide of ar- 
fenic, had difcovered in the refidue of this operation 
a fait foluble in water, fufceptible of cryflallization in 
tetrahedral prifms, which he denominated the neutral 

arfenical 
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Pfellefser. arfenical fait. It is the arfeniat of potafli. He was of tin 

opinion that no acid could decompofe it; but Pelletier 
fhewed, that the fulphuric acid diflilled from it does 
difengage the acid of arfenic. He fhewed the true 
caufe why the neutral arfenical fait is not decompofable 
in clofed veflels ; and particularly the order of affinity 
by which the fait itfelf is formed in the diflillation of 
the nitrate of potafh, and the wrhite oxide of arfenic. 
•He explains in what refpe&s- this fait differs from what 
Macquer called the liver of arfenic. Pelletier had been 
anticipated in this work by Scheele, by Bergman, by 
the academicians of Dijon, and by Berthollet ; but he 
pofTeffed at leafl the merit, in the firit effay of his pow- 
ers, of having clearly developed all the phenomena of 
this operation, by retaining and even determining the 
quantity of gas it was capable of affording. After the 
fame principles it was that he decompofed the arfenico- 
ammoniacal fait, by fhcwing how, in the decompofition 
of this laft, the pure arfenical acid is obtained in the 
form of a deliquefcent glafs. In this work we may ob- 
ferve the fagacity with w'hich he was enabled to deve- 
lope all the phenomena of thefe compofitions and de- 
compofitions, by tracing thofe delicate threads of fcien- 
tific relation which conneft the feries of fads, and are 
imperceptible to ordinary minds. 

Encouraged by the fuccefs of thefe flrft works, which 
he prefented with the fenfibility of grateful attachment 
to his inftrudor, he communicated his obfervations on 
the cryflallization of fulphur, cinnabar, and the deli- 
quefcent falts ; the examination of zeolites, particular- 
ly the falfe zeolite of Fribourg in Brifgaw, which he 
found to be merely an ore of zinc ; obfervations on the 
dephlogifticated or oxygenated muriatic acid, relative 
to the abforption of oxygen ; on the formation of ethers, 
particularly the muriatic and the acetous ; and feveral 
memoirs on the operation of phofphorus made in the 
large way ; its converfion into phofphoric acid, and its 
combination with fulphur and moil metallic fubftances. 

It was by his operations on that moft aftonifhing pro- 
dudion of chemiftry, phofphorus, that he burned him- 
felf fo dangeroufly as nearly to have loft his life. After 
the cure of his wound, which confined him to his bed 
for fix months, he immediately began the analyfis of 
the various plumbagos of France, England, Germany, 
Spain, and America, and found means to give novelty 
and intereft to his work, even after the publication of 
Scheele on the fame fubjed. The analyfis of the car- 
bonet of barytes led him to make experiments on ani- 
mals ; which prove that this earth is a true poifon, 

^ whether it be adminiftered in the form of the native car- 
bonat of barytes, or whether it be taken from the de- 
compofition of the fulphat, even though again combined 
with another acid. 

^Chemifts have given the name of Jlroiitian to a new- 
ly difcovered earth, from the name of the place where 
it was firft found. Pelletier analyfed it, and difcovered 
it in the fulphat of barytes. He likewife analyfed the 
verditer of England, of which painters and paper-hang- 
ers make fo much ufe. He difcovered a procefs for 
preparing it in the large way, by treating with lime the 
precipitate obtained from the decompofition of nitrat of 
copper by lime. By his procefs, verditer is afforded 
equal in beauty to that which comes from England. 
He was likewife one of the firft chemifts who (hewed 
the poffibility of refining bell metal, and feparating the 

] PEN 
His firft experiments were made at Paris; after Ptrubdum. 

which he repaired to the foundary at Romilly, to verify 1 enna"'' 
them in the large way. The following year he w’as re- 
ceived a member of the Academy of Sciences at Paris, 
and (hortly afterwards went to La Fere, with Borda and 
General Daboville, to affift in experiments upon a new 
gunpowder. Being obliged, in order to render his ex- 
periments more decifive, to pafs great part of the day 
in the open air during a cold and humid feafon, his 
health, which was naturally delicate, became confidera- 
bly impaired. He began to recover his health, when he 
again became the vidtim of his zeal for the fcience he fo 
fuccefsfully cultivated. He had nearly periihed by re- 
fpiring the oxygenated muriatic acid gas. A violent 
attack of convulfive afthma, which returned during feve- 
ral days, was the firft confequence of this unhappy ac- 
cident. The diforder then feemed to abate } but it w^as 
incurable. The afliftance of art was infufficient to fave 
him ; and he died in Paris, on the 21ft of July 1797, of 
a pulmonary confumption, in the flower of his age. 

PENDULUM (See Encycl.). Befides the effedls 
of heat and cold on the length of the pendulum rod, 
and of courfe on its ifochronifm, it may certainly be 
w^orth while, in the conftrudtion of clocks intended to 
meafure time with the utmoft pofiible exadtnefs, to take 
into confideration the refiftance of the air, which, by its 
unequal denfity, varying the weight of the pendulum, 
muft in a fmall degree accelerate or retard its motion. 
The celebrated David Rittenhoufe, who paid particular 
attention to this fubjeft, eftimates the extreme difference 
of velocity, arifing from this caufe, at half a fecund a 
day ; and he obferves, that a remedy dependent on the 
barometer will not be ftridly accurate, as the weight of 
the entire column of air does not precifely correfpond 
with the denfity of its bafe. He propofes, therefore, 
as a very fimple and eafy remedy, that the pendulum 
(hall, as ufual, conlift of an inflexible rod carrying the 
ball beneath, and continued«bove the centre of fufpen- 
fion to an equal (or an unequal) diftance upwards. At 
this extremity is to be fixed another ball of the fame di- 
menfions (or greater or lefs, according as the continua- 
tion is (horter or longer), but made as light as pofli- 
ble. The ofcillations of this upper ball will be accele- 
rated by its buoyancy by the fame quantity as thofe of 
the lower would be retarded ; and thus, byr a proper 
adjuflment, the twro effedls might be made to balance 
and corredl each other. 

Our author made a compound pendulum on thefe 
principles, of about one foot in its whole length. This 
pendulum, on many trials, made in the air 57 vibrations 
in a minute. On immerfing the whole in water, it made 
59 vibrations in the fame time ; (hewing evidently, that 
its returns were quicker in fo denfe a medium as water 
than in the air. (Th‘. is contrary to what takes place 
with the common pendulum). When the lower bob 
or pendulum only was plunged in water, it made no 
more than 44 vibrations in a minute. 

PENNANT (Thomas, Efq.), fo well known in the 
republic of letters as a writer of travels and of natural 
hiftory, was an ancient Briton by birth, having drawn 
his firft breath in Flintfhire, in 1726. His family has 
been fettled in that county for many centuries ; we learn 
from himfelfthat he received the rudiments of his edu- 
cation at Wrexham, whence he was removed to Ful- 
ham. Soon after this he was font to Oxford ; and ha- 

U u 2 vine: 
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Peojiant. Ti'nt; made a confijerable proficiency in the claffics, he Iliad into a nutlhell ; the account of the city of Lon- .Pennant. 

* *   applied himfelf within the walls of that univerfity to at- don and liberties of Weftminjter into a quarto vo- 
tain a knowledge of jurifprudence; but we do not find lume. I have condenfed into it all I could; omitted 
that he ever entered himfelf of any of the inns of court, nothing that luggefted itfelf; nor amplified any thing 
or followed the law as a profefikm. to make it a guinea book. In a word^ it is done in 

The ruling paffions cf mankind are excited, and the my own manner, from which I am growing too old to 
future cutrent of their lives frequently dire&ed, by tri- depart. _ . . 
■vial circumftances. One cf the greateft painters of our “ I feel within myfelf a certain monitor that warns 
age was attra&ed with an irrefiilible impulfe towards me (adds he) to hang up my pen in time, before its 
his art by the pcrufal of a treatife on it ; and we have powers are weakened, and rendered vifibly unpaired, 
the authority of the fubjeft of this memoir for affert- I wait not for the admonition of friends. I have the 
ing, that a prefent of Willughby's Ornithology, at an Archbiflidp of Grenada in my eye ; and fear the imbe- 
eatly period, firft gave him a turn for natural hiltory, cility of human nature might produce in long worn age 
which has never once abandoned him through the dourfe the fame treatment of my kind advifers as poor Gil 
of a very long life. from his moft reverend patron. My literary 

Mr Pennant commenced his travels with great pro- bequelts to future times, and more lerious conceins, mult 
priety at home, where he made himfelf acquainted with occupy the remnant of my days. This clofes my pub- 
the manners, productions, and curiofities, of his native lie labours. > # i r 
country, before he fallied forth to infpeft thofe of other Notwithftanding his parting addrefs, the example ot 
rations. He then repaired to the continent; and not the Archbilhop of Grenada, and the concluding fentence 
only acquired conliderable additional knowledge rtla- of “ Valete & Flaudile,” we find Mr Pennant ad- 
tivc to his favourite ftudies, but became acquainted, and venturing once more in the ocean of literature, lat<J 
cftablilhed a correfpondence, with fome of the greateft period of his life, and trying his fortune again with all 
men of the age. the eagernefs of a young author. 

On his return he married, and had two children, but He accordingly pubhlhed the Natural Hiftory of the 
did not come into the family fortune until he was thirty- parifhes of Holywell and Downing*, within the pie-*Orie vol. 
feven years of age, at which time he was fettled at ciiufts of the latter of which he had refided about half 4t()* 
Downing. a century. . , f 

Having loft his wife, he appears to liave fet oat once He alto prefented the public, a very fhort time berore 
more for the continent, and to have formed an acquain- his death, with a fplendid woik, coniilling of 2 vols. 
4ance with Voltaire, Buffon, Haller, Pallas, &c. He 4to. entitled The View of Hindooftan ; in the preface 
had by this time acquired confiderable reputation as a to which he candidly dates his motives for this new 
fcient'fic man, having commenced his career as an au- attempt. “ I had many folicitations fiom private 

♦Four vob^or f0 eariy as IV50. His Britifh Zoology* eftablifh- friends (fays he), and a few wifhes from perfons un- 
4l0‘ ed his reputation as a naturalift ; and this received a known, delivered in the public prints, to commit to the 

frefh acceffion of celebrity in confequence of his ac- prefs a part, in the form in which the pofthumous vo- 
quaintance with Linnaeus, and his intercourfe by letters lumes might hereafter make their appearance. 1 might 
with all the celebrated naturalifts in Europe. have pleaded the imprudence of the attempt at my time 

Early in life he had undertaken a moft interefting of life, of beginning fo arduous an undertaking m my 
tour to Cornwall; and lie now entertained an ardent 7*^ year. 
defire to furvey the works of nature in the northern ex- “ I happily, till very lately, had fcarcely any admo- 
tremities of the ifland. He accordingly fet out for nition of the advanced feafon. I plunged into the fea 
Scotland, and in 1*771 favoured the public with an en- of trouble, and with my papers in one hand, made my 

4 Three vols staining account of his Tour f, which was fo well re- way through the waves with the other, and brought 
4to. ceived as to pafs through feveral editions. Not content thtm iecure to land. I his, alas . is finite fcoafting. I 

with the main land of Great Britain, he was ambitious rouft fubmit to the judgment of the public, and learn 
to furvey the iflands in the vicinity, and accordingly from thence how far I am to be cenfured for fo grievous 
penetrated to the Hebrides, and vifited Man. an offence againft the maxim of Ariftotie, who fixes the 

It is not to be fuppofed that he would leave bis own decline of human abilities to the 49th year, 
country unexplored ; on the contrary, he minutely de- “ 1 ought to fhudder, when I conhder the wear and 
feribed all its wonders. He did not fail on this occa- tear of 22 years ; and feel (hocked at the remark of the 
fion to prefent the world with the refult of his enqui- elegant Delanty, who obferves, ‘ that it is generally 
r#*, for in 1778 he commenced the publication of his agreed among wife men, that few attempts, at lead m 

5 Two Tour$. a karnecl way, have ever been, wifely undertaken and 
4t0, In four years after this (1782) appeared the account happily executed after that period !> f , , 
i One vol. 0f the Journey from Chefter to London};, in which he “ I cannot defend the wifdom : yet from the good 
4t0* refutes the vulgar opinion that it is uninterefting ; and fortune of my life I will attempt the execution.” 

in two years more his Ardic Zoology, an admirable Thefe valuable volumes are drawn up by Mr Pen- 
.*vork, greatly prized both here and in other countries. nant in the manner of his introduction to the Arctic 

In 1700 appeared a quarto volume, fimply entitled Zoology. The plates, 23 in number, are admirably en- 
Of London ; in which he obferves that this work is graved, and one (the Napaul pheafant) is beautifully 
compofed from obfervations, originally made without coloured. 
any view of publication. “ Let me requeft (fays he in In addition to the lift of literary labours already enu- 
the preface) the good inhabitants of London and Weft- merated, is a letter on an earthquake e t at Downing, 
fninfter not to be offended at my having ftulfed their in Flintftiire, in 1753 » another uderted m the 
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Pcanant, publication*, in 1756, on coralloid bodies (xofaxxouifrc') 

pennatula. collefted by him : hivS Synopfis of Quadrupeds, publifh- 

0 Phil ed in 1771 ; a pamphlet on the Militia ; a paper on the 
Jranu Turkey : and a volume of Mifcellanies. 

Mr Pennant attained academical honours of all kinds, 
having had the degree of L.L. D, conferred on him by 
the univerfity in which he was educated, he was a Fel- 
low of the Royal Society, and a member of the Society 
of Antiquaries, a Fellow of the Royal Society of Upfal 
in Sweden, a member of the American Philofophical 
Society, an honorary member of the Anglo Xn’nnaean 
Society, &c. 

The ample fortune left him by his father enabled Mr 
Pennant to keep an hofpitable table, and alfo to prefent 
the profits of feveral of his works to public inftitutions, 
particularly the Welfii charity-fchool in Gray’s-inn-lane. 
He encouraged feveral engravers by his patronage, and 
was not a little ferviceable to the advancement of the 
fine arts. 

In 1776 he married a fecond time ; on which occa- 
fion he became united to Mifs Moflyn, filler of his 
neighbour, the late Sir Roger Moftyn, in Flintlhire. 
The latter part of his life was chearful, and he fcarcely 
felt the approaches of old age. He died at his feat at 
Downing in his 7 2d year. 

He has left feveral works behind him in MS. under 
the title of Outlines of the Globe ; and as a proof that 
it uull be a very voluminous and interefting publication, 
it is only neceflary to obfcrve, that the View of Hin- 
doollan compofed the xivth and xvth volumes. 

Mr Pennant poffefleda well-compacled frame of body, 
an open and intelligent afpedl, an adlive and chearful 
difpofition, and a vivacity which rendered him always 
entertaining, as w'ell in converfation as in writing. 
Though not without a (hare of irrafcibility, his heart 
was kind and benevolent. He was examplary in the 
relations of dometlic life, and fenfibly felt for the dif- 
trefles of his poor neighbours, whofe relief in feafons 
of hardlhip he promoted with great zeal and liberality, 
His candour and freedom from ordinary prejudices, are 
fufficiently difplayed in his writings ; and Scotland w'as 
forward to eonfefs, that he was the firft traveller from 
this fide the Tweed, who had vilited the country with 
no unfriendly fpirit, and had fairly presented it under 
its favourable as well as its lefs pleafing afpeCis. As a 
writer, his llyle is lively and exprefiive, but not perfect- 
ly correCt. His principles of arrangement in zoology 
are judicious, and his defcriptions charaCtereitic. Jf in 
fome of his later works a little vanity appears, and a 
propenfity to think that important to the world which 
was fo to himfelf, it may readily be pardoned to one 
who has afforded fuch copious and valuable entertain- 
ment to the public. His name will live with honour 
in the literary biltory of his country, and his memory 
will be cherifhed with refpeft and affe&ion by bis fur* 
viving friends. 

PENNATULA (See Encycl.') A fpecies of this 
rlate ^hanjmai} hitherto undeferibed, was difeovered by La 

Martiniere near Nootka. Its body is of a cartilaginous 
fubftance, and a cylindrical form ; its bead, armed with 
two little horns of the fame fubltance, prefents a fphe- 
rical figure flatted at its interior extremity. This part 
is covered wuth fmall papillae, fome of which are vifible 
at D, and which ferve the purpofe of fmall mouths, by 
means of which this animal fucks tfie blood ©f fifhes, 

making its way as far as poflible into the flefh: the ex- Fe'pufc&i 
tremity of its body, which always proje&s from the fifh, —-y— 
appears like the feathers of a pen ; thefe feather-like 
fubftances ferve as excretory veffels : for on making a 
flight preflure on the animal, from the greater part of 
thefe cartilaginous barbs iffued fmall drops of a very 
limpid liquor : at the bafe of thefe barbs, and beneath 
the body, are placed twro large cartilaginous threads, of 
which our author could not imagine the ufe, for they 
are not Tiniverfally met with in each individual. The 
circulation of its blood is readily obferved, it forms a 
complete revolution about once in a minute. It is pro- 
bable that this animal is only able to make its way into 
the bodies of different fifh when it is very young ; and 
when it has once buried itfelf there, having abundance 
of nourilhment, its head increafes confiderably, and the 
two horns with which it isfumifhed neceffarily form an 
obftacle to its regrefs, which is a remarkable inftance of 
the forefigbt of Nature, fince it is deftined to be nour- 
ilhed at the expence of another. The pennatula, of 
which we have given from Martiniere a figure, was found 
by him at the depth of more than an inch and an half 
in the body of a cliodon. 

PEPUSCH (John Chrifiopher), one of the greateft 
theoretic muficians of modern times, as we are told, 
was born at Berlin about 1667 } and became fo early a 
proficient on the harpfichord, that at the age of 14 he 
was fent for to court, and appointed to teach the prince, 
father of the late King of Prufiia. About 1700, he 
came over to England, and was retained as a performer 
at Drury Lane : it is fuppofed that he aflifted in com- 
pofing the operas which were performed there. While 
he was thus employed, he forbore not to profecute his 
private lludies ; and thefe led him to enquire into the 
mufic of the ancients, and the perufal of the Greek au- 
thors upon that fubjeft. The abilities of Pepufch, as . 
a practical compofer, were not likely to become a fource 
of wealth to him : his mufic was correal, but it wantedt 
variety of modulation. Befides, Handel had got pof- 
feflion of the public ear, in the opinion of whofe fupe- 
rior merit he readily acquiefced ; and chofe a tract for 
himfclf, in which he was almoit fure to meet with no * 
obfirudlion. He became a teacher of mufic, not the 
practice of any particular inllrument, but mufic in the.- 
abfolute fenfe of the word, that is to fay, the principles » 
of harmony and the fcience of practical compofition ; > 
and this, not to children or novices, but iu very many 
inltances to profelfors of mufic themfelves. 

In 1713, he was admitted to the degree of Doctor 
in Mufic at Oxford, and continued to profecute his. 
(Indies with great affiduity. In 1724, he accepted aa: 
offer from Dr Berkeley to accompany him to the Bur- 
mudas, and to fettle as profeflbr of mufic in his intend- • 
ed college there ; but the (hip in which they failed be- 
ing wrecked, he returned to London, and married > 
Francefca Margarita de I’Epine. This perfon was a 
native of Tufcauy, and a celebrated finger, who per- 
formed in fome of the firft of the Italian operas that , 
were reprefented in England. She came hither with 
one Greber, a German, and from this connection be* - 
came diftinguifhed by the invidious appellation of Gre. 
Ur's Peg. Afterwards (lie commenced a new connec- 
tion with Daniel Earl of Nottingham, who had defend- 
ed the orthodox notion of the Trinity againft the heretic . 
Whifton ; and to this connexion Rowe, in imitation of 

Horace’s > 
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'Pfcpufch, Horace’s, Ne fit ancillae tibi amor pudori,” thus al- 
*;crcl^in-, ludes : 

Hid not bafe Greber’s Peg inflame 
The fober Earl of Nottingham, 

Of fober fire defcended ? 
That, carelefs of his foul and fame, 
To play-houfes he nightly came, 

And left church undefended. 

She continued to fing on the ftage'till about 1718 ; 
when having, at a modeft computation, acquired above 
ten thoufand guineas, (he retired from the theatre, and 
afterwards married Hr Pepufch. She was remarkably 
tall, and remarkably fwarthy ; and, in general, fo delti- 
tute of perfonal charms, that Pepufch feldom called her 
by any other name than Hecate, to which (he is faidto 
have anfwered very readily. 

The change in Pepufch’s circumflances by Marga- 
rita’s fortune was no interruption to his ftudies: he 
loved mufic, and he purfued the knowledge of it with 
ardour. At the inftance of Gay and Rich, he undertook 
to compofe, or rather to correft, the mufic for the 
Beggar’s Opera. His reputation was now at a great 
height. He had perufed with great attention thofe fe- 
veral ancient treatifes on Harmonics, publifhed by 
Meibomius, and that of Ptolemy by Hr Wallis; and 
the difficulties which occurred to him on the perufal, 
■were in a great meafure removed by his friend He 
Moivre the mathematician, who aflilted him in making 
calculations for demonflrating thofe principles on which 
the harmonic fcience is founded. In confequence of 
thefe ftudies, he was efteemed, in matters of theory, 
one of the beft muficians of his time. In 1737, he was 
chofen organift of the Charter-houfe, and retired, with 
his wife, to that venerable manfion. The wife died in 
1740, before which he loft a fon, his only child ; fo that 
he had no fource of delight left, but the profecution of 
bis ftudics, and the teaching of a few favourite pupils, 
who attended him at his apartments. Here he drew up 
that account of the ancient genera which was read be- 
fore the Royal Society, and is publifhed in the Philofo- 
phical Tranfadfions for Odfober, November, and He- 
cember, 1746 ; and, foon after the publication of that 
account, he was chofen a Fellow of the Royal Society. 

. He died the 20th of July, 1752, aged 85 ; and was 
buried in the chapel of the Charter-houfe, where a tablet 

* Blog. with an infcription is placed over him.* 
D»<9. new PERCUSSION, Force of Percussion, is the 
tdit* name by which mechanicians diftinguifh that faculty of 

producing motion, or making other fenfible mechanical 
impreflions on bodies, by means of the ftroke of a body 
in motion. It is nearly the fame with impulfe ; only, 
it would feem that the very fcrupulous and refined effedt 
to limit the attention to the immediate caufe of the mo- 
tion, or other effedt produced ; to the fomething that 
is different, both from the force fuppofed to be inherent 
in the moving body (a hammer for example), and the 
fubfequent motion and penetration of the nail which 
is driven by it. We may venture to fay that it is need- 
lefs to attempt any inveftigation of this objedt. It is 
hid, with all other caufes of all other effedts in the uni- 
verfe, in impenetrable darknefs. If we refledt on the con- 
ftitution of our own mind, fo far as we can know it by 
experience and obfervation, and on the manner in which 

we draw conclufions, we muft fee that the knowledge ^ercuflion, 
of the efficient caufe of any effedt is unattainable ; for ' 
were the intervening fomething pointed out to us, and 
clearly conceived by us, we (hould find it juft as necef- 
lary to find out why and how this fomething is con- 
nedted with each of the events which we obferve it in- 
variably to connedf. 

But a knowledge of the force of percuflion, in as far 
as it may or may not be diftinguifhable from other 
forces, is not unattainable. We can learn as much, and 
no more, concerning this, as concerning any other force ; 
and we can contemplate that circumftance which, in our 
opinion, is common to it with all other forces, and may 
perhaps difeover other circumitances in which it differs 
from them. Butin all this diiquifition, it is plain that 
it is only events, which we conceive to be the charadter- 
iitic effedts of the caufe, that we contemplate. 

Percuffion, confidered as an effedt, charadteriftic of a 
particular faculty of moving bodies, became an object of 
anxious refearch, almoft as foon as philofophers began 
to think of motion and moving forces at all. The an- 
cients (as has been obferved in the article Impulsion, 
Suppl.) contented themfelves with very vague fpecula- 
tions on the fubjedt. Galileo was the firft who confi- 
dered it as a meafurable thing, the objedt of mathemati- 
cal difeuflion ; being encouraged by his precious difeo- 
very of the laws of accelerated motion, and the very re- 
fined meafure which thefe gave him of the power of 
gravity. It was a meafure of the heavinefs, not of the 
weight, of the body ; and this was meafured by its acce- 
leration, and not by its preiffure. Encouraged by this, 
he hoped to find fome fuch meafime of the force of 
percuflion, which he faw fo intimately connedted with 
motion ; whereas its connedlion with preffure was far 
from being obvious. He therefore tried to convert the 
terms ; and as he had found a meafure of the preffure 
of gravity in the acceleration of motion, he endeavoured 
to find in preffure a meafure of the force of purcuffion 
ariling from this acceleration. He endeavoured to find 
the number of pounds, whofe preffure is equal to the 
blow of a given body, moving with a given velocity. 
The velocity was known to him with great precifion, 
by means of the height from which the ball muft fall 
in order to acquire it. It feems pretty clear that per- 
cuflion may be meafured in this way ; for a body falling 
from a height will pierce an uniformly tenacious body 
to a certain degree, and no further; and experiment 
(hews that this degree of penetration is very precife and 
conftant. The fame body, being merely laid on the 
tenacious body, will penetrate to a fmall depth by its 
weight. Laying more weight on it, will make it pene- 
trate deeper; and a certain weight will make it pene- 
trate as deep as the fall did, and no deeper. Thus, 
percuflion feems very eafily meafurable by weight, or 
by any preffure fimilar to that of weight. It appears 
that Galileo made experiments with this view, and that 
he was difappointed, and obliged to acquiefce in the 
opinion of Ariftotle, that percuflion and weight are in- 
comparable. He propofes, therefore, another experi- 
ment, namely, to drop a body into the fcale of a ba- 
lance from greater and greater heights, till at laft the 
blow on the fcale raifes a weight that lies on the othet 
fcale. This offers itfelf fo plaufibly, that we are per- 
fuaded that Galileo tried it : but as he makes no men- 

tion 
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percuffion. tion of the refults, we prefume that they were unfatis- 
   1 faftory. 

Neither of thefe experiments could give us a meafure 
of the force of percuflion, if this force be'any thing dif- 
ferent from the forces which are excited or brought in- 
to aftion by percufiion, in the manner defcribed in the 
article Impulsion, SuppL When the ball comes into 
phyfxcal contadt with the fcale, it begins to comprefs it. 
This compreflion begins to ftretch the ftrings by which 
the fcale is fupported. Thefe pull at the arm of the 
balance, and caufe it to prefs the centre-pin a little 
harder on its fupport, and to bend the balance a little, 
and caufe it to pull at the cords which fupport the 
other fcale. That fcale is pulled upwards, diminifhing 
a little its preffure on the ground, and preffing it harder 
to the incumbent weight. Thefe forces are excited in 
fuccejfton from the one fcale to the other, and a fmall 
moment of time elapfes. The re-a&ion of the fcale di- 
minilhes, but does not inllantaneoufly annihilate, the 
velocity of the falling ball. It therefore comprefles the 
fcale ftill more, ftretches the threads, preffes the ful- 
crum, and bends the balance ftill more (becaufe the 
weight in the other fcale keeps it down). The veloci- 
ty of the falling ball is rapidly diminilhed ; the balance 
is more bent, and pulls more ftrongly upwards at the 
threads of the other fcale ; and thus preftes that fcale 
more ftrongly againft the incumbent weight, gradually 
communicating more and more motion to it, removing 
k farther from the ground, till, at laft, the, motion 
becomes fenfible, or fo confiderable as to difengage 
fome delicate catch as a fignal. The experiment is now 
finifned ; and the mechanician fondly thinks that, at this 
inftant, the preffure excited by the percuffion, between 
the oppofite fcale and the under fide of the incumbent 
weight, is juft equal, or but a very little fuperior, to the 
preffure of the incumbent weight : and, fince.the arms 
of the balance are equal, and therefore the preffures on 
the two fcales are equal, he imagines that that weight 
exerts a preffure equal to the percuflion of the falling; 
ball. 

But all this is mifconception, and alfo falfe reafoning. 
It is not percuflion that we are meafuring, but the pref- 
fures excited by percuflion, on the two fcales. And 
thefe preffures are the forces of elafticity or expaniive- 
nefs, belonging to, or inherent in, the particles of the 
balls and the fcales ; forces which are brought into 
a&ion by the approach of thofe bodies to each other. 
This reafoning is alfo erroneous ; and we fliould be mifta- 
ken if we think that the preffure actually exerted is 
equal to that of the weight in the oppofite fcale. It is 
greater than the mere preffure of that weight. The 
re-a£tion of the oppofite fcale on its load was precifely 
equal to that weight before the ball was dropped from 
the hand ; and, had the ball been equal to that weight, 
and Amply laid into the fcale on which it falls, it would 
have made no change on the mutual preffures of the 
fcale and the other weight; it would only have relieved 
the ground from the preflure of that weight, and would 
have brought it on the threads which fupport its fcale. 
The preflure of this fcale upwards muft be increafed, 
before it can ftart the weight fenfibly from the ground. 
How much jt muft be increafed depends on the fpringi. 
nefs of the fcales, cord, and beam. By a proper ad- 
juftment of thefe particulars, the apparatus will give us 
almoft any meafure of percuflion that we choofe. For 
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this reafon, the improvements made on it by Gravefande PercufiTon 
are of no value. The fame reafoning, nearly, may be '■ y— 
applied to the meafurements of the force of percuflion 
by means of the penetration of foft bodies. 

Galileo mentions another very curious experiment, 
by which he thought that he had obtained a juft mea- 
lure of percuflion. A veflel, Ailed with water, was 
fufpended on the arm of a balance, with another veffel 
hanging from it, a great way below. All was exa&ly 
balanced by a weight in the oppoAte fcale. By means 
of a fuitable contrivance, a hole wras opened in the bot- 
tom of the upper veffel, without difturbing the equili- 
brium. As loon as the water iffued, and while it was 
falling through the air, that end of the balance rofe ; 
but when the water ftruck the lower veffel, the equili- 
brium was reftored, and continued during the whole 
time of the efflux. Hence Galileo concluded, that the 
force of the ftroke was equal to the weight of the fall- 
ing water. But we apprehend that the obfervations 
made on this in the article Impulsion, Suppl. will con- 
vince the reader that this concluAon is far from being 
legitimate. BeAdes, the ftroke, in any one inftant, is- 
made by thofe particles only which ftrike in that in- 
ftant, while the whole vein of water between the veffels 
is neither adling by its weight on the upper veffel, nor 
by its ftroke on the lower ; and we fliould conclude 
from the experiment, that the force of percuflion is in- 
flnitely greater than the weight of the ftriking body. 
Indeed this is the inference made by Galileo. But if 
we have recourfe to the experiments and reafonings of 
Daniel Bernoulli, in the article Resistance of Fluidsy 
Encycl. we fliall And that the feeming impulfe on the 
lower veffel is really a mod complicated pure preffure, 
and of moft uncertain determination. The experiment 
is valuable, and gives room for curious refledfions. We 
have repeated it, in a great variety of forms, and with 
great changes of impulfe, and fometimes in fuch a man- 
ner that no impulfe whatever can obtain, while at the 
fame time a quantity' ol water was Ailing, unfupported 
by either veffel. In all the trials the equilibrium re- 
mained undilturbed. We were obliged to conclude, 
therefore, that the experiment afforded no meafure of. 
percuflion. Indeed vve were of this opinion before ma- 
king the trial, for the reafons juft now given. 

We cannot fay that the fubfequent labours of philo- 
fophers have added much to our knowledge of this mat- 
ter. Mr Leibnitz had contrived his whimfleal dodtrine 
of living and dead forces. The adliou of gravity, or of 
a fpring, is a vis viva, when it a (dually produces motion 
in the body on which it adfs : but when a ftone lies on 
a table, and preffes on it, this preffure is a vis m rtua. 
Its exertion is made, and in the fame inftant dcllroyed, 
by an oppoAte vis mortunt Each of thefe exertions 
wrould have produced a beginning of motion (fomething 
different from any of the fmalleft local motion) ; and the 
fum of all wmuld, after a certain time, have amounted 
to a fenfible motion and velocity. There teems no di- 
ftindl conception to accompany, or that can accompany, 
this language. And, as a proof that Leibnitz had no 
diftindt conceptions of the matter, he has recourfe to 
this very experiment of Galileo in fupport of his ge- 
neAs of a fenAble motion from the continual exertions of 
the vis mortua ; and he concludes that the force of per- 
cuflion is inffnitely, or incomparably, greater than pref- 
fure, becaufe it is the fum total of an infinity of indivi- 

dual 
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PrjxtifiJcn. dual exertions of vis mortuci. „ 
w—v , ^ w}1jcjll J^eibnitz has acquired on the continent, by 

* the zealous efforts of his pavtizans, could excufe our ta- 
king up any time in confidering this unintelligible dif- 
courfe. Surely, if there is fuch a thing as a vis viva, 
it exiils in the moving water, and its impulfions are not 
continual exertions of a vis mortua. Nor is it pofiible 
to conceive continual impulfe, nor a beginning of mo- 
tion that is not motion, &c. &c. It is paradoxical (and 
Leibnitz loved to raife the wonder of his followers by 
paradoxes) to fay that pevcufiion is infinitely greater 
than preffure, when we fee that preffure can do every 
thing that can be done by percufiion. Nay, Euler, by 
far the moft able fupporter of the do&rincs of Leibnitz 
about the force of bodies in motion, adlually compares 
thefe two forces ; and, in his Commentary on Robins s 
Artillery, demonftrates, in his way, that when a muflcet 
ball, moving with the velocity of i 700 feet per fecond, 
-penetrates five inches into a block of elm, the force of 
its percuffion is 107,760 times its weight. John Ber- 
noulli reftrifts the infinite magnitude of percufiion to 
the cafe of perfeftly hard bodies ; and, for this reafon 
alone, fays, that there can be none fuch in the univerfe. 
But, as thisjuftly celebrated mathematician fcouts with 
fcorn the notion of attraftions and repulfions, he muft 
allow, that an ultimate atom of matter is unchangeable 
in its form; which we take to be fynonymous with 
faying that it is perfeftly hard. What muft. be the 
vefult of one atom in motion hitting another at reft ? 
Here muft be an inftantancous production of a finite 
velocity, and an infinite percufiion. A doftrme which 
reduces its abettors to fuch fubterfuges, and engages 
the mind in fuch puzzling contemplations, cannot (to 

Jay the heft of it) be ftyled an explanation of the 
laws of Nature. The whole language on the fubjeft is 
full of paradoxes and obfcurities. In order to re- 
concile this infinite magnitude of percufiion with 
the obferved finite magnitude of its effedts, they lay 
that the prefiure, or inllantaneous effort, has the fame 
relation to the force of percufiion that an element has 
to its integral; and in maintaining this affertion, they 
continually confider this integral under the exprefs de- 
nomination of ayhm total, robbing Leibnitz's great dii- 
covery of the infinitefimal calculus of every fuperiority 
that it poffeffed over Wallis’s Arithmetic of infinites, 
and really employing all the erroneous practices of the 
method of indivifibles. We look upon the ftrange 
things which have been inculcated, with pertinacious 
zeal, in this do&rine of percuffion and vires viva, as the 
moft remarkable example of the errors into which the 
unguarded ufe of Cavalerius’s Indivifibles, and of the 
Leibnitzian notion of the infinitefimal calculus, have 
led eminent mathematicians. It is not true that the 
preffure, and the ultimate force of percufiion, have this 
relation ; nor has the preffnre and the refulting motion, 
which is miftaken for the meafure of this ultimate force, 
any mathematical relation whatever. rl he relation is 
purely phyfical ; it is the relation of pure caufe and ef- 
feft : and all that we know of it is their conftant con- 
jun&ion. The relation of fluxion and fluent is not a 
mathematical or meafurable relation, but a connexion 
in thought ; which is fufiicieiit for making the one an 
indication of the other, and the meafures of tne pro- 
portions of the one a mean for obtaining a meaiure of 
the proportions of the other. In this point of view, 
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Nothing but the authori- the relation of preffure to motion, as the meafure of the Fercufflon. 

force of percufiion, refembles that of fluxion and fluent, 
but is not the lame. 

Much has been laid by the partizansof Mr Leibnitz 
about the incomparablenefs of preffure and percufiion, 
and many experimental proofs have been adduced of 
the incomparable fuperiority of the latter. Bulfinger 
fays, that the preffure of many tons will not caufe a 
fpike to penetrate a block of hard oak half fo far as it 
may be driven by a weak man with one blow of a mal- 
let ; and that a moderate blow with a fmall hammer 
will fhiver to powder a diamond, which would carry a 
mountain without being hurt by. its preffure. Nay, even 
Mr Camus, of the Academy of Paris, a (launch Carte- 
fian, and an eminent mechanician, fays that lie beat a 
leaden bullet quite flat with a hammer of one pound 
weight, without much force ; and that he found that 200 
pounds weight would not have flattened it more than this 
blow : and he concludes from thence, that the force of 
the blow exceeded 200 pounds. Thefe, to be fure, are 
remarkable fa&s, and juttify a more minute confideration 
of a power of producing certain effe&s, which is fo fre- 
quently and fo ufefully employed. But, at the fame 
time, thefe are all very vague exprefiions, and they do 
not authorife any precife conclufions from them. Mr 
Camus faying “ without much force,” makes his pound 
weight, and his 200 pound weight, of no ufe for deter- 
mining the force of the blow. He would have given 
more precife and applicable data for his decifion, had he 
told us from what height the hammer (hould fall in 
order to flatten the bullet to this degree. But even 
then we fhould not have obtained any notion of the 
force ina&ual exertion during the flattening of the bul- 
let ; for the blow which could flatten the bullet in a 
longer or a (horter time, would unqueftionably have been 
lefs or greater. 

All the parodoxes, obfcuvities, and puzzling difficul- 
ties, in this fubjeft difappear, if we leave out of our 
confideration that unintelligible force, which is fuppofed 
to preferve a body in motion or at reft ; and if we con- 
fider both of thefe dates of body as conditions which 
will continue, unlefs fome adequate caufe operate a 
change ; and if we farther grant, that fuch caufes do 
really exift in the univerfe, however unknown their na- 
ture may be by us; and, laftly, if we acknowledge, 
that the phenomena of elatticity, expanfivenefs, cohe- 
fion, gravity, magnetifm, eledlricity, are indications of 
the agency of fuch caufes, and that their a<ftual exer- 
tions, and the motions and changes coufequent on theie 
exertions, are fo invariably connefted with particular 
bodies, that they always accompany their appearance 
in certain mutual relations of diftance and pofition :—if 
we proceed thus, all the phenomena of collilion will be 
explained by thefe caufes alone, without fuppofing the 
exiftence and agency of a caufe diftinCt from them all, 
and incomparable with them, called the force of per- 
cussion. 

For it has been fufficiently demonftrated in the article 
Impulsion {Svppl.), that that property of tangible co- 
herent matter, which we call perfect elajlicity,^ operates as 
a preffure during a certain fmall portion of time on both 
bodies, diminifliing more and more the motion of the 
one, and augmenting that of the other, as the compref- 
(ion of one or both increafes, till at laft they ieparate 
with fenfible velocities. In fome very fimple or per- 

fpicuous 
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Percufllon fpJcuous cafes, we know what this prcffure is in every 

(nftant of the adlion. We can tell how many pounds 
weight, at reft, will exert the fame prefture. We can 
tell the whole duration of this prelfure, and the fpace 
along which it is exerted ; and, in fuch a cafe, we can 
fay with precilion what motion will be generated by 
this continued and varied preflure on the body which 
was at reft, and what diminution will be made in the 
motion of the other. All this can be done in the cafe 

Plate XLI.of a ball A (fig. i.), moving like a pendulum with a 
fmall velocity, aud linking a {lender elaftic hoop B, 
alfo fufpended like a pendulum. We can afeertain 
by experiment, before the collifion, what preffure is 
neceffary for compreffing it one inch, one-half, one- 
fourth, &c. Knowing this, and the weight of the 
hoop, and the weight and velocity of the ball, we 
can tell every circumftance of the collifton—how long 
the compreflion continues — what is the greateft com- 
prefiion — how far the bodies have moved while they 
were afting on each other —and what will be the final 
motion of each :—in fhort, every thing that affords any 
mark or meafure of a force of percuffton. And vre 
know that all this is produced by a force, Familiarly 
known to us by the name of elafticity. Which of all 
thefe circumftances fhall be called the precuflion, or the 
force of percuffton ? Is it the ultimate or greateft pref- 
fure occafioned by the compreffion ? This cannot be, 
becaufe this alone wall not be proportional to the final 
change of motion, which is generally taken as a mea- 
fure of the percuflion when a chaage of motion is its 
only obferved effe6l. 

We know that another perfe&ly elaftic body, of the 
fame weight, and ftruck by the fame blow, and acqui- 
ring the fame final velocity by the flroke, may not have 
fuftained the tenth part of the preffure, in any one ig- 
ftant of the collifion, if it has only been much more 
comprefiible. The greateft mutual preflure in the col- 
lifion of a billiard ball is perhaps 1000 times greater 
than it is in a fimilar collifion of a foot ball of the fame 
weight. 

We alfo know w'hat degree of compreffion will break 
this hoop, and what preffure will produce this com- 
preffion. Therefore, fhould the fradture of the body 
be confidered as the mark and meafure of the percuf- 
fion, we know what blow will juft produce it, and be 
exhaufted by fo doing. In fhort, we know every mark 
and meafure of percuffion which this hoop can exhibit. 

We can increafe the ftrength of this hoop till it be 
comes a foil'd difk ; and we fee clearly, that in all thefe 
forms the mode of adling is the fame. We fee clearly 
that it is the fame when, inilead of the folid difk, it is 
an elaftic ball ; therefore every thing that can indicate 
or meafure the percuffion of an elaftic ball, is explained 
without the operation of a peculiar force of percuffion. 
even when tlie ball is fhivered to pieces by the blow. 

Nor is the cafe materially different when the bodies 
are foft, or imperfe&ly elaftic. When the ftruck body 
is uniformly tenacious, it oppofes a uniform refiftance 
to penetration, and its motion will be uniformly acce- 
lerated by the aftion of its own tenacity during the 
whole time of mutual a&ion, except a trifling variation 
occafioned by the mere motion of the internal parts, 
independent of their tenacity. If we knew the weight 
neceffary fqj: merely penetrating this mafs, and the 
weight and velocity of the penetrating body, we can 
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tell how long it muft be refifted by this force before Pe'cuffu>,,. 
its initial velocity will be annihilated, and therefore ' ■ '’V ' ‘ 
how far it will penetrate. We have tried this with 
deal, birch, willow, and other foft woods of uniform 
texture, and with nails having the body fomewhat 
flenderer than the end, that there might not be an irre- 
gularity occafioned by a fridlion on the fides of the 
nail, continually increafing as the penetration advanced. 
We made the hammer fall from a confiderable height, 
and hit the nail with great accuracy in the direftion of 
its length, by fixing it to the end of a long lath, move- 
able round an axis. The refults correfponded with the 
calculation with all the precifion that could be deiired. 

But it does not refult from all this agreement, that 
the force, exertion, or efFedl, of a blow with a hammer’ 
is equal to the preflure of any number of pounds what- 
ever. They are things that cannot be compared ; and 
yet the force operating in the penetration by a blow is 
no way different from preffure. It is a phyfical blun- 
der to compare the area of the curve, whofe abfeiffa 
is the depth of penetration, and the ordinates are as 
the refiflances, with any prefiure whatever. This area 
exprefles the fquare cf a velocity, and its flips, 
bounded by parallel ordinates indefinitely near each 
other, are as the decrements of this fquare of a velo- 
city, occafioned by a preffure, afting almoft uniformly 
along a very fmall fpace, or during a very fmall time. 
It is an abfurdity therefore to fum up thefe flips as fo 
many preflures, and to confider the fum total as capa- 
ble of expreffing any weight whatever. Such a parallo- 
gifm is peculiar to Leibnitz’s way of conceiving his infi- 
nitefimal method, and it could have no place in the ge- 
nuine method of fluxions. It is this mifconception 
that has made Mr Leibnitz and his followers fuppofe 
that a body, accelerated by gravity, retains in it a fum 
total of all the preffures of gravity accumulated during 
its fall, and now forming a vis viva. Suppofing that 
it requires a preflure of twenty pounds to prefs a fix 
pound fhot flowly through a mafs of uniformly refift- 
ing clay ; this preflure would carry it from the top 
to the bottom of a mountain of fuch clay. Yet this 
ball, if difeharged horizontally from a cannon, w’ould 
penetrate only a few yards, even though the clay fhould • 
refill by tenacity only, independent of the motion loft by 
giving motion to its internal parts. In this experiment 
the utmofl prefTure exerted during the motion of the ball 
did not much exceed the preffure of twenty pounds. In 
this comparifon, therefore,percuffion, fo far from appear- 
ing infinitely greater than preflure, would appear much 
lefs. But there is perhaps nobody that refills pene- 
tration with perfe£l uniformity, even though uniformly 
tenacious. When the ball has penetrated to fome 
depth, the particles which are before it cannot be fo 
eafily difplaced, even although they had no tenacity, 
becaufe the particles adjoining are more hemmed in by 
thofe beyond them. We have always obferved, that a ball 
impelled by gunpowder through water rifes toward the 
furface (having entered horizontally through the fide 
of the vefiel at fome depth], and this fo much the more 
rapidly as it entered nearer to the furface. The reafon 
is plain. The particles which muft be difplaced before 
the ball, efcape more eafily upwards than in any other 
direction. It is for this reafon chiefly that a greater 
weight laid on the head of a nail will caufe it fink 
deeper into the wood; and thus a great weight appears 
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Percuflion. to be commenfurable with a great force of percuffion. 
""V  Alfo while a bullet is flattening more and more under 

a hammer during the progrefs of* a blow, it is fpread- 
ing under the hammer ; more particles are refilling at 
once, and they find more difficulty in effe&ing their 
efcape, being harder fqueezed between the hammer and 
the anvil. The fame increafed refiltance mull obtain 
while it is flattening more and more under the quiet 
preflure of a weight ; and thus, too, a great weight 
appears to be commenfurable with a greater blow. 

After all, however, a blow given by a falling body 
mull excite a preflure greater than its mere weight can 
do, and this in any degree. Thus, luppofe AB (fig. 
2>) to reprefent a fpiral fpring in its natural uncon- 
ftrained dimenlions, {landing upright on a table. . Let 
a b be the abfcifla of a line a d h k, whole ordinates 
c d, gh, i h, &c. are as the elaftic reafition of the fpring 
when it is comprefled into the lengths c b, g b, i b, &c. 
Suppofe that, when it is comprelfed into the form CD, 
it will juft fupport the weight of a ball lying on C. 
Then c d will be a reaftion equal to the weight of the 
ball, and the redlangle a c d f will exprefs the fquare of 
the velocity which this ball would acquire by falling 
freely through a c. If therefore the ball be gently laid 
on the top of the fpring at A, and then let go, it will 
defcend, compreffing the fpring. It will not flop when 
the fpring has acquired the form CD, which enabled it 
to carry the weight of the ball gently laid on it. For 
in this fituation it has acquired a velocity of which the 
fquare is reprefen ted by the figure a df. (See Dyna- 
mics, Suppl. n° 95.)• It will comprefs the fpring into 
the length g b, fuch that the area eg h d is equal to the 
area a d f. 1 f the ball, inftead of being gently laid on A, 
be dropped from M, it will comprels the fpring into 
fuch a length t b, that the area a i k is equal to the re£l- 
angle m c d n \ and, if the fpring cannot bear fo great 
compreffion, it will be broken by this very moderate fall. 

Thus we fee that a blow may do things which a 
confiderable preflure cannot accomplifh. The accounts 
which are given of thefe remarkable effedts of percuf- 
fion, witfi the view of impreffing notions of its great 
efficacy, are generally in very indefinite terms, and 
often without mentioning circumftances which are ac- 
ceflbry to the effedl. It would be very unfair to con- 
clude an almoft infinite power of percuffion, from ob- 
ferving, that a particle of fand, dropped into a thick 
glafs bottle which has not been annealed, will (hiver it to 
pieces. When Mr Bulfinger fays that a moderate blow 
will break a diamond which could carry a mountain, 
be not only fays a thing of which he cannot demon- 
flrate the truth, and which, in all probability, is not 
true ; but he omits noticing a circumftance which he 
was mechanician enough to know would have a confi- 
derable (hare in the eftedl. We mean the rapidity with 
which the excited preflure increafes to its maximum in 
the cafe of a blow. In the experiment in queftion, this 
happens in lefs than the millionth part of a fecond, if the 
velocity of the hammer has been fuch as a man would 
generate in it by a very moderate exertion. For the 
blow which will drive a good lath nail to the head in a 
piece of foft deal with an ordinary carpenter’s hammer, 
muft be accounted moderate. This we have learned by 
experiment to be above 25 feet per fecond. The con- 
nedling forces exerted between the particles of the dia- 
mond may not have time fufficient for their excitation 

in the remote parts, fo as to fhare the derangement Percuflion 
among them all, in fuch a manner that it may be fo II . 
moderate in each as not to amount to a difunion in any, er ‘m 

part of the diamond. We fee many inftances of this 
in the abrupt handling of bodies of tender and friable 
texture. It is partly owing to this that a ball difehar- 
ged from a piftol will go through a Iheet of paper Hand- 
ing on edge without throwing it down, which it would 
certainly do if thrown at it by the hand. The con- 
nesting forces, having time to atl in this laft cafe, drag 
the other parts of the paper along with them, and their 
union is preferved. Alfo, when a great weight is laid 
on the diamond, it is gradually dimpled by it; and thus 
inclofing many parts together in the dimple, it obliges 
them to aft in concert, and the derangement of each is 
thus diminifhed. 

We flatter ourfelves that the preceding obfervations 
and reflections will contribute fomewhat towards remo- 
ving the paradoxes and myfteries which diferedit, in 
fome degree, our mechanical fcience. If we will not 
pertinacioufly conjure up ideal phantoms, which, per- 
haps, cannot exift, but content ourfelves with the ftudy 
of that tangible matter which the Author of Nature 
has prefented to our view, we fhall have abundant em- 
ployment, and fhall perceive a beautiful harmony thro* 
the whole of natural operations ; and we {hall gradually 
difeoyer more and more of thofe mutual adaptations 
which enable an atom of matter, although of the fame 
precife nature wherever it is found, to add fuch an un- 
fpeakable variety of parts, according to the diverlity of 
its fituations and the feene on which it is placed. If a 
mind be “ not captivated by the harmony of fuch fweet 
founds,” we may pronoupce it, “ dark as Erebus, and 
not to be trufted.” 4 

PERFECT Number, is one that is equal to the 
fum of all its aliquot parts when added together. 
Eucl. lib. 7, def. 22. As the number 6, which is = 
1 + 2 + 3’ the fum of all its aliquot parts ; alfo 28, 
for 28=i-f-2 + 4 + 7 + i4, the fum of all its 
aliquot parts. It is proved by Euclid, in the laft prop, 
of book the 9th, that if the common geometrical feries 
of numbers 1, 2, 4, 8, 16, 32, &c. be continued to fuclt 
a number of terms, as that the fum of the faid feries 
of terms {hall be a prime number, then the produdt of 
this fum by the laft term of the feries will be a perfect 
number. 

PERGUNNA, in Bengal, the fubdivifion of a di- 
ftridt. 

PER KIN ISM, the proper name of what we muft 
think an impofition attempted to be put upon the world 
by Dr Perkins of North America. 

Though the phenomena of eledlricity had been long 
familiar to the philofophers of Europe, it is well known 
that a philofophical theory of thefe phenomena was 
firft formed by a tranfatlantic philofopher. In like 
manner, though the difeovery of Galvani, under the 
name of animal electricity (fee Galvanism in this Sup- 
plement'), had occupied the attention of many of the firft 
phyficians and philofophers of the old world, it was re- 
ferved for a phyiician of the new, to apply it to the 
cure of a number of difeafes. Every philofopher of 
America, however, has not the fagacity of the Phila- 
delphian fage ; nor muft Dr Perkins or his admirers be 
furprifed, if we treat not incompreheniible myfticifm 
with thq refpedt due to a theory founded on fads. 
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Perkin tm. We are told by the fon (a) of this rival of Franklin, 

that before the news of Galvani’s difcovery had reach- 
ed America, he had obferved feveral phenomena point- 
ing out the influence of metals in cafes of pain. The 
firit remarkable incident that prefented itfelf fo his no- 
tice was the fudden contraction of a mufcle when he 
was performing a chirurgical operation. This, he ob- 
ferved, regularly took place whenever the point of the 
metallic inftrument was put in contact with the mufcle. 
Struck with the novelty of the appearance (Is Mr Per- 
kins fure that the appearance was new ?), he was indu- 
ced to try the points of wood and other fubftances ; 
and no contraction taking place on thefe experiments, 
he thence inferred that the phenomena could be aferibed 
only to the influence of the metal. About the fame 
time, he obferved that, in one or two cafes (and if his 
praCtice had been great he might have obferved that in a 
thoufand cafes), a ceflation of pain had enfued when 
a knife or lancet was applied to feparate the gum from 
a tooth previous to extracting it; and in the fame year 
he diicovered, that momentary eafe was given, in a few 
inftances, by the accidental application of a metallic in- 
ilrument to inflamed and painful tumors previous to 
any incilion. 

Thefe are the judicious reafonings and aflertions of 
a dutiful child, who, having probably heard of Leib- 
nitz’s claims to fome of Newton’s difeoveries, was de- 
termined to put in a fimilar claim for his father, to a 

fiare, at lead, of the difcovery made by the celebrated 
profeflbr at Bologna. He has not, however, copied 
with fervility the conduCt of the Leibnitziaus. We do 
not remember an inftance where any of them attempted 
to elevate the fame or the merits of their mailer above 
the fame and merits of Newton ; but, according to our 
author, the purfuits of Galvani and his European pu- 
pils link into infignificance, when compared with thofe 
of the tranfatlantic phyfician. 

This is evident; for when the phyfiologifts of Europe 
were engaged in experimenting on the denuded nerves 
and mufcles of the fmaller animals, with a view to af- 
certain the agency of this incomprehenfible property in 
them, Dr Perkins was profecuting a feries of experi- 
ments, which confided in applying externally, to parts 
affeCted with difeafe, metals, and compounds of metals 
of every defeription which occurred to him, and con- 
flruded into various forms and fizes. The refult pro- 
ved, that on drawing lightly over the parts affefted cer- 
tain indruments, termed traBors, which he formed from 
metallic fubdances into pointed lhapes, he could remove 
mod of thofe topical difeafes of the human body, where 
an extra degree of nervous energy or vital heat was 
prefent ; unlefs fuch difeafe was lituated in fome of the 
internal vifeera, too remote from the part where the in- 
druments could be applied. 

The difeafes which have been found mod fufceptible 
of the influence of the traders are, rheumatifm, fome 
gouty adedions, pleurify, opthalmias, eryfipelas, vio- 
lent fpafmodic convulfions, as epileptic fits and the 
locked jaw, the pain and fwelling attending contuiions, 
inflammatory tumors, the pains from a recent fprain, 
the painful effeds of a burn or feald, pains in the head, 

teeth, and indeed mod kinds of painful topical affec- Perlunifm. 
tions, excepting where the organic drudure of the part 
is dellroyed, as in wounds, ulcers, &c. and excepting 
alio where oils or fome other non-conduding fubdances 
are prefent. 

But we have other tedimonies than thofe of Dr Per- 
kins and his fon for the influence of the traders. Mr 
Meigs, profeflbr of natural philofophy at Newhaven, in 
a letter on Dr Perkins’s difcovery, conceives the prin- 
ciples of metallic irritability as fo little underflood, that 
he will not pretend to explain how the traders produce 
their effeds ; but feems fatisfied in finding that the ef- 
feds are produced. After dating an experiment on 
his own child, eight years of age, very dangeroufly ill 
with a peripneumonic complaint, and to which the 
traders gave almod indantaneous relief, he fays, “ I 
have ufed the traders with fuccefs in feveral other cafes 
in my own family ; and although, like Naaman the Sy- 
rian, I cannot tell why the waters of Jordan fliould be 
better than Abana and Pharpar, rivers of Damafcus ; 
yet, fince experience has proved them fo, no reafoning 
can change the opinion. Indeed, the caufes of all 
common fads are, zue thinks perfedly well known to 
us ; and it is very probable, fifty or an hundred years 
hence, we (hall as well know why the metallic traders 
fliould in a few minutes remove violent pains, as we 
now know why cantharides and opium will produce op- 
pofite effeds : viz. we fliall know but very little about 
either, except! ngyar?x.” 

Mr Woodward, profeffor of natural philofophy at 
Dartmouth, in a letter alfo on the fame fubjed, has da- 
ted a number of fuccefsful experiments in pains of the 
head, face, teeth, and in one cafe of a fprain. 

Dr Vaughan, a member of the Philadelphia medical 
fociety, has lately publidied an ingenious trad on Gal- 
vanifm, the objed of which is to account for the in- 
fluence of the tractors in removing difeafes. After a 
citation of numerous experiments made on the nerves 
and mufcles of animals, he obferves, “ If we only take 
an impartial view of the operations of Nature herfelf, 
and attend diligently to the analytical invedigations 
of the aforementioned experimentalids on this fublime 
fubjed, I think the fceptic mud admit that the prin- 
ciple of nervous energy is a modification of eledri- 
city. As fenfation is dependant on this energy, a plea- 
furable fenfation, or what may be termed a natural or 
healthy degree thereof; then certainly pain, or fuperfen- 
fation, can only depend on an accumulation of the elec- 
tric fluid, or extra degree of energy in the part affed- 
ed. On this principle the problem admits of eafy fo- 
lution ; namely, that the metals, being fufceptible of 
this fluid, condud the extra degree of energy to parts 
where it is diminidied, or out of the fyffem altogether, 
redoring the native law of eledric equilibrium.” 

We trull we are not fceptics ; and yet we feel not 
ourfelves inclined to admit any part of this theory. We 
have feen no proof that nervous energy is a modification 
of eledricity ; and we think that we have ourfelves 
proved, that galvanifm and eletlricity are in many refpeds 
different; but we fliall not be much furprifed if we 
foon fee a demonjlration by fome American or German, 
 X x 2 philofopher. 

(a) See a pamphlet, entitled The Influence of Metallic Traders on the Human Body, &c. by Benjamin 
Douglas Perkins, A. M. fon to the difeoverer; or a very good abridgement of it in the fird volume of the Phi- 
lo fophical Magazine. 
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Perkinifm. philofopher, that the foul of man is a compofition of 
k| 1 » filver and zinc. One of thefe fages has lately difcover- 

ed, that the fymptoms of putrrfaftion 00 not conllitute 
an infallible evidence of death, but that the application 
of metals will in all cafes afcertain it beyond the poffi- 
bility of doubt ! A proper application certainly will ; 
for when the Perkinift is doubtful whether his patient 
be dead or alive, he has only to apply the muzzle of a 
loaded piltol to his temple, and blow out his brains ; af- 
ter which he may fafely fwear that the man is dead. 

From the Philofophical Magazine, we learn that Pro- 
feffor Schumacher at Copenhagen made experiments 
with traftors of brafs and iron on ten patients in Tre- 
dtrick’s hofpital at Copenhagen. He tried aifo trac- 
tors of ebony and ivory, which are faid to have cured a 
pain in the knee ; with others of lilver and zinc ; and 
fume of copper and lead. By the two lalt, pains in 
the knee, arm, and face, are faid to have been mitiga- 
ted. According to M. Klingberg’s experiments, this 
remedy was of ufe in malum ifchiaticum j and according 
to thofe of M. Steffens, in malum ifchiaticum and me- 
grim. According to M. Bang, the pains in feme cafes 
were increafed, and in others allayed. According to 
M. Blech, the tra&ors were of ufe in hemicrama and 
gouty pains in the head ; and, according to M. Hahn, 
in rheumatic pains in both fhoulders. The piincipal 
document in the Hanifh colledtion relating to Peikin- 
ifm, appears to be a letter of Profeffor Abilgaard, in 
whofe opinion Perkins’s traftors will never acquire 
much value in medicine, and fcarcely even have the 
merit of being a palliative ; but, in a phyfical point of 
view', he thinks they deferve the attention of phyficians, 
and particularly of phyfiologifts. Mankind (he fays) 
hitherto have paid too little attention to the influence 
which eledfricity has on the human body ; otherwife 
they would know that the effe&s produced on it by 
our beds is nq, matter of indifference. Ir the feather 
beds and hair mattreffes, &c. are perfeftly dry, the per- 
fon who fleeps on them is in an infulated flate ; but the 
contrary is the cafe if they are moifl. He three times 
removed a pain in the knee, by flicking the tradlors, 
one on each fide of the knee, fo deep through the 
llockings that the points touched the fkin. He remo- 
ved a rheumatic pain in the head from a lady by the 
fame means. M. Kafn, by the tra&ors, relieved, in 
others, gouty pains of the head and megrim : and in 
himfelf, a rheumatic pain of the back, which, accord- 
ing to his fenfations, was like a conflri&ion in the cel- 
hifar tiffue. M. Herholdt, from his experiments, con- 
fiders the effeft of the traders as indefinite and relative 
as that of other remedies. He, however, faw relief 
given by them in the flrangury in a cafe of iyphilis. 
M. Bang alfo, at Soroe, freed a man from a violent 
gouty pain in the thigh, by drawing the traders 200 
times over the affeded part. M. Jacobfen like wife 
found benefit derived from thefe traders feveral times 
in the common hofpital at Copenhagen. M. Pode 
tried them alfo in rheumatic pains, toothe-ache, and in- 
flammation of the eyes ; and obferved that they neither 
did good nor harm. 

On fiomeof the attefled Cures mentioned in Mr Per- 
kins’s pamphlet, an able writer in the Monthly Review 
has made remarks fo very pertinent, that we cannot re- 
fufe ourfelves the pleafure of tranferibing them. 

“ At page 34 of the pamphlet, we meet (fays the 

reviewer) with a flrong proof of the confidence placed Perkinifm, 
in this remedy by feveral tranfatlantic philofophers. Dr ' 
Willard, it feems, applied a red hot piece of iron to a 
wart on his finger, and burnt himfelf very feverely, in 
order that he might be relieved by the traddors ; which 
are faid to have given him eafe in twTo fucceffive expe- 
riments. The author adds, ‘ many have fubmitted to 
fimilar meafures, in order to experience the effedls, I 
once formed one of five, who burned ourfelves fo that 
blifters were raifed, to make the experiment ; we all ob- 
tained relief in a few minutes.’ 

“ This zeal for knowledge is truly edifying ; efpe- 
cially as the tradtors are generoufly prefented to the 
public at only five guineas a pair ; and it is clear that 
one pair would fuffice to cure all the burns and fealds 
of a large parifh. Why are not fuch luculent experi- 
ments repeated here ? If Mr Perkins, or any admirer 
of the difeovery, would fubmit to have a red hot poker 
run into fome part of his body not neceffary to life 
(into that part 'where honour's lodged, according to But- 
ler, for example), in any public cotfee houfe within the 
bills of mortality, and would afterward heal the wound 
in prefence of the company, in ten minutes, or in half 
as many hours, by means of the tradlors, the mofl {lo»y- 
hearted infidel could not refill fuch a demonflration. 
Why trifle wuth internal inflammations, when fuch a* 
outward and vifible fign might be afforded ? 

“ Mr Perkins has taken fome pains, in the firfl part 
of his pamphlet, to Ihew that the operation of his rods 
is not derived from animal magnetiiin. In our opinion, 
this is an unneceflary piece of trouble in England, 
where there is a conflant fuccefiion of fimilar preten- 
fions. The virgula divinatoria, and the baguette of the 
juggler, are the genuine prototypes of this myftery. 
We were, indeed, rejoiced, on Dr Perkins’s account, to 
find that the Connecticut Society had only denounced 
him as a Mefmerift: we trembled left he fhould have been 
put into the inquifitorial hands of the old women as a 
white witch.” 

This may be thought too ludicrous a treatment of a 
difeovery which profeffes to benefit mankind ; but to 
have treated this difeovery with ferioufnefs, would have 
degraded the profeffion of a fcientific critic. As if 
the very cures pretended to have been performed did 
not of themfelves throw fufficient ridicule over the dif- 
eovery, Mr Perkins informs us, “ that in fome inflances 
the metallic influence, when excited by different per- 
fons, produces different effe&s. Experiments made to 
afcertain the point, proved that there wrere ptrfons who 
might ufe the traders for any length of time, in dil- 
eafes which were fuitable for the operation, and pro- 
duce no perceptible effect; when by placing them in 
the hands of another perfon, who fhould perform the 
operation preciftly in the fame manner as before, the 
pain or inflammation would be removed direClly.” 
plence be endeavours to prove that the influence of the 
traClors is Galvanic, by an argument as abfurd as the 
pretended fad on which it is founded. 

“ On the application (fays he) of zinc and filver to 
the tongue, the fenfation of tafte is very flight to fome,. 
while with others it is very flrong :—when the experi- 
ment is applied to the fenfe of fight, fome are hardly 
fenfible of it, while others obferve a flrong flafh.” But, 
not to mention that neither ebony nor ivory can form 
part of the excitatory arc in Gahanifm, though we 

have 
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Perklnifm. have feen them both employed fuceefsfuHy as traftors by 

  v ' a Danilh Perkinift, it is enough to obferve, that the dif- 
ferent effefts of the Galvanic metals on different perfons 
depend upon the difference of ftru&ure of the organs of 
fenfation in the patients; whereas the different tfedfs of 
the metallic traitors refult, according to this account, 
from the difference of ftrufture in the organs of fenfe 
of the various operators! Nay, what is ftill more extra- 
ordinary, if any thing can be more extraordinary than 
this, is, that the value of the traitors depends, not up- 
on the materials of which they are made, or theJkill cf 
the minufaiturer, but upon fome inconceivable virtue 
conveyed by Mr Perkins to the perfon of him by whom 
they are fold. This we learn from a pamphlet pub- 
lifhed by Charles Cunningham Longvyorthy, furgeon 
in Bath ; who informs us, that he fells traitors by com- 
miffion from Mr Perkins the original manufaiturer in 
London. 

After this article was fent to the prefs, and thus 
much of it printed, we received, from a friend in Lon- 
don, a copy of Mr Perkins’s laid publication on the 

* Tht Ejfi- fubjeit * ; in which he endeavours to repel the objec- 
cacyof Per. t[0ns urged by Dr Haygarth and others againtl the iu- 

SMetal- ^uence che metallic traitors. Had we not been 
lie True- previoufly convinced of the faliity of Perkinifm, the 
tors, bV. perufal of this pamphlet would have removed from our 
1800. minds every doubt ; for we will venture to fay, that it 

is not in the power of Dr Haygarth, and the whole fa- 
culty united, to bring more complete proof than Mr 
Perkins has here brought, that what he calls his fa- 
ther’s difeovery has no claim to rank othtrwife than 
with the difeovery of Mefmer. See Animal Magne- 
tism, Encycl. 

He gives indeed 250 cafes, which are attefted to 
have been fuccefsfully treated by the traitors; but at 
leall an equal number of cafes were atteiled to have 
been fuccefsfully treated by Mefmer and his partifans ; 
and fix times that number of cures were faid to have 
been miraculoufiy performed at the tomb of the Abbe 
Paris (See Paris in this Suppl.) We would willingly 
allow, however, that thefe atteftations ought to draw 
the attention of men of fcience to the fubjeit, did not 
the author himfelf betray a want of confidence in the 
traitors, by his own arguments in their favour, and by 
his caution to the public againft counterfeits. He feems 
indeed to confider their fanative influence as refulting 
entirely from his / 

Dr Haygarth having faid that he performed cures of 
the fame kind with thofe of which Mr Perkins boafts, 
by the proper application of traitors made of wood; 
and having added, that “ if any perfon would repeat 
thefe experiments, it fhould be done with due folem- 
nity,” in order to work upon the imagination ; our 
author replies, by putting the following queftion : “ Is 
there a tingle pofleflbr of the patent metallic traitors in 
England, who has frequently ufed them, and will fay 
that this fraud is neceffary to make them perform cures 
Inftead of anfwering for the Englifli pofieflbrs of thefe 
valuable inflruments, we beg leave, in our turn, to alk, 
If there be a Angle expert chemill in Great Britain who 
can underltand this queftion in any other fenfe than as 
implying that the virtue of the traitors refides in the 
patent? This, however, appears ftill more palpable in 
the caution to the public. 

“ Among the various artifices (fays Mr Perkins) 

which have been employed by certain interefted perfons, Perk’nifm, 
I have to mention the mean attempt to circulate falfe *Jeroufe- 
traclors, and from the failure of thefe to throw difere- ~ v " ^ 
dit upon the difeovery. Three inftances of this kind 
have occurred lately. Complaints having been made to 
me that my traitors would not cure the difeafes for 
which they are recommended, I was led to make in- 
quiry refpeiting the cafes alluded to ; and conceiving 
them fit fubjeib for the traitors, I called on the pa- 
tients to apply them mylelf. In loth inftances (it was 
juft now in three inftances) I found they had been ufing 
counterfeit traitors. Had not this been difeovered, the 
merit of the patent traitors muft have fuffered extreme- 
ly !” 

This is very extraordinary. The charaBer or fame 
of any thing may indeed be injured by a counterfeit ; 
but we believe this is the firft inftance of the merit or 
demerit of one inanimate fubftance being increafed or 
diminiflied by another at a diftance from it,—of the 
hardnefs of iteel, for inftance, being diminifhed by the 
foft nefs of lead ! But we beg Mr Perkins's pardon. 
The merit of his traitors coniiits in their putting mo- 
ney into his pocket ; and that merit might certainly be 
injured by the ufe ot counterfeits. Hence, with great 
propriety, he informs the public, that every genuine f:t 
is ftamped with the words Perkins’s patent trac- 
tors, accompanied with a receipt for the five guineas, 
numbered and figned in the handwriting of the paten- 
tee. From thefe fails we infer (and he muft acknow- 
ledge the inference to be juft), that the virtue of the 
traitors refides in the patent, reftriiting the making of 
them to Benjamin Douglas Perkins, and not to the me- 
tal of w'hich they are made. 'Phis is indeed moft ob- 
vious ; for he cannot be fuch a ftranger to the ftate of 
chemical fcience in this country, as to fuppofe that his 
traitors may not be analyfed into their component prin- 
ciples, and, of courfe, that others may not be made 
poffefling all their virtues except fuch as refuk from the 
patent. 

We fhall conclude this article in the words of the re- 
viewer already quoted : “ To trace the relations and 
dependencies of projeits fimilar to that of Dr Perkins, 
would now be a work of more labour than utility. The 
fund of public credulity is an inexhauftible refource for 
thofe who can refolve to levy contributions on it. In 
vain is the fpirit of quackery exorcifed in one form; it 
riles again immediately, ‘ with twenty ghaitly murders 
on its head, to pufh us from our ftools.’ We, who 
have contemplated the/ progrefs of real knowledge du- 
ring a long courfe of years, have feen many bubbles like 
this glitter for a moment, and then difappear for ever. 
People may talk of Mefmerifm, or Perkinifm, but we 
confider all fuch varieties as belonging to the old and 
extenfive clafs of Charlatanifm.” 

PEROUSE (John Francis Galoup de la), the cele- 
brated, though unfortunate, French navigator, was born 
at Albi in 1741. Of the rank or condition of his fa- 
ther, M. Milet-Mureau has given us no information in 
that meagre eulogy of Peroufe which he has iniertedin 
the introdudlion to his laft voyage. It appears, how- 
ever, that he intended to make his fon a Seaman, and 
fent him, at a very early period of life, to the marine 
fchool, where the young man became enthuliaftically 
fond of his profeflion, and laudably ambitious to emu. 
late the fame of the moft celebrated navigators. 

Being 
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Being appointed a midfhipman on the 19th of No- 

vember 1756, he behaved, we are told, with great bra- 
very in that ftation, and was feverely wounded in the 
engagement between the admirals Hawke and Con- 
flans, on the 20th of November 1759. The Formida- 
ble, in which he ferved, was taken, after a vigorous re- 
finance ; and it is probable that Peroufe reaped fome 
advantage from his acquaintance with Britifh officers. 

On the ifl of O&ober 176+ he was promoted to the 
rank of lieutenant ; and defpifing a life of eafe and idle- 
nefs, he contrived to be employed in fix different fhips 
of war during the peace that fubfilled between Great 
Britain and Fiance. In 1767 he was promoted to the 
rank of what, in our navy, is called majler and command- 
er. In 1779 he commanded the Amazone, belonging 
to the fquadron of Vice-admiral Count d’Eflaing ; and 
when that officer engaged Admiral Byron, the poll of 
La Peroufe was to carry his Admiral’s orders to the 
whole of the line. He afterwards took the floop Ariel., 
and contributed to the capture of the Experiment —ex- 
ploits which his eulogifl feems to confider as in fiances 
of very uncommon heroifm ; but he foon after perform- 
ed a greater. 

Being, on the 4th of April 1780, appointed captain 
of the frigate AJlrea, and being on a cruife wdth the 
Hermione, thefe two frigates attacked fix Englifh veffels 
of war, of from 28 to 14 guns each, and took two of 
them. The French certainly reaped more laurels about 
that period than they have been accuflomed to do in 
naval wars with Great Britain : but as w'e have com- 
pletely forgotten the particulars of this fight, we fuf- 
peft that it was not altogether fo very brilliant a bufi- 
nefs as M. Milet-Mureau is pleafed to reprefent it. 

In the year 1782, La Peroufe was difpatched with 
the Sceptre of 74 guns, and two frigates of 36 guns 
each, having fome troops and field pieces on board, to 
deflroy the Englifh fettlements in Htidfon’s Bay. This 
tafk u',as eafily accomplifhed ; for when he had fur- 
mounted the difficulties of navigation in a frozen fea, 
be found nothing on fhore to oppofe the fmalleft force. 
Having deflroyed the fettlements, he learned that fome 
of the Englifh had fled at his approach into the woods; 
and his eulogift confiders it (fuch are the difpofitions of 
French republicans) as a moll wonderful inflance of hu- 
manity, that he left to thefe unfortunate men provifious 
to preferve them from perifhing by hunger, and arms 
to protedl them from the fury of the favages ! Peroufe, 
we dare anfwer for him, was confcious of ntithing he- 
roic or extraordinary in this aft of beneficence, which 
he certainly could not have omitted, without incurring 
both infamy and guilt. 

In the year 1785, he was appointed to the command 
of a voyage round the world ; which was unfortunate- 
ly deflined to be his lafl. Of this voyage, as far as it 
was accomplifhed, there is a full account in the hands 
of every French and Englifh reader ; and from that ac- 
count it appears, that Peroufe was admirably qualified 
to difeharge fuch a truft. He feems to have been an 
experienced and Ikilful feaman ; a man of confiderable 
mathematical and phyfical fcience, uncorrupted by that 
philofophifm which difgraced many of his attendants; 
and capable of the utmoft perfeverance in every laud- 
able purfuit. To thefe qualities he united a proper 
combination of caution and courage, with a difpolition 
truly benevolent to the various tribes of favages whom 
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he vilited. The difaflers which occurred on the voy* Perpendi- 
ages were all, except the laft, of which nothing is known, Clj

(|
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occafioned by the difobedience of his officers, or their 
neglefting to follow his advice. burgh. 

The lail difpatches of this great and good man were ——y-— 
dated from Botany Bay, February the 7th, 1788 ; and 
fince that period, no account of him has been received 
which is intitled to the fmallell confidence. M. Milet- 
Mureau has indeed given us, at fome length, the child- 
ifh conjeftures of the Society of Natural Hiflory re- 
fpefting his fate, which, in language equally childifh, 
were delivered at the bar of the National Affembly ; 
and he has added the ridiculous decree which that bo- 
dy of legiflative fcioliits pafled in confequence of fo ex- 
traordinary a fpeech. We will not difgrace our pages, 
or infult the memory of Peroufe, by contributing to the 
circulation of nonfenfe, which, we are perfuaded, would 
have made him bluflt for his country. 

PERPENDICULAR, in gunnery, is a fmall in- 
(Irument, ufed for finding the centre line of a piece in 
the operation of pointing it to a given objeft. 
' PERSIAN or Persic, in architefture, a name com- 
mon to all ilatues of men, ferving inftead of columns to 
fupport entablatures. 

PERWANNAH, in the language of Bengal, an 
order of government, or a letter from a perfon in au- 
thority. 

PETERSBURGH (St), the capital of Ruffia, is 
a city, of which a pretty full hiftorical det ail has been 
given in the Encyclopaedia. It is introduced here mere- 
ly on account of its police, which, according to the 
anonymous author of the life of Catharine II. has a 
very fimple and competent organization, and deferves to 
be adopted in other great capitals. Excepting the go- 
vernor, whofe office naturally extends to all objefts of 
public welfare, the head police-mailer is the proper 
chief of the whole fyilem of police. His office takes in 
the great compafs of this department, but confined to 
the general objefts of public fecurity and order. He 
is not here, as in fome large towns, the formidable co- 
partner of family fecrets, and the invifible witnefs of 
the aftions of the private man. Under the head po- 
lice-mailer is the police-office, where fit a police-mailer, 
two preiidents, the one for criminal, the other for civil 
cafes, and two confulters, chofen from the burgher clafs. 
To this is committed the care to maintain decorum, 
good order, and morals: alfo it is its bufinefs to fee to 
the obfervance of the laws, that the orders iflued by go- 
vernment, and the decifions of the courts of juilice, 
are put in force. The attainment of thefe purpofes is 
efrefted by the following mechanifm : 

The refidence is divided into ten departments. Each 
of thefe has a prefident, appointed to watch over the 
laws, the fecurity, and the order of his diilrift. The 
duties and rights of this office are not lefs extenfive 
than important. A prefident mull have exaft know- 
ledge of the inhabitants of his department, over which 
a fort of parental authority is committed to him ; he is 
the cenfor mprum of his department ; his houfe mull not 
be bolted or barred by night or day, but mufl. be a place 
of refuge, continually open to all that are in danger or 
diftrefs ; he himfelf may not quit the town for the fpace 
of two hours, without committing the difeharge of his 
office to fome other perfon. The police-commando 
(conftables), and the watchmen of his department, are 

under 
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Peterf. under his orders; and he is attended on all affairs of 
burgh. hfs 0ffice by two ferjeants. Complaints againft unjuft 

behaviour in the prefident may be brought to the po- 
lice-office. 

Each department is again divided into three, four, or 
five fubdivifions, called quarters, of which, in the whole 
refidence, are 42. Each of thefe has a quarter-infpec- 
tor, in fubordination to whom is a quarter-lieutenant. 
'I he duty of thefe police-officers is in harmony with 
that of the prefident, only that their activity is confi- 
ned to a finaller circle. They fettle low affairs and 
flight altercations on the fpot, and keep a watchful eye 
on all that paffes. 

The number of the nightly watch in the city amounts 
to 500. They have their ftations affigned them in 
watch-houfes at the corners of ftreets ; and, befides their 
proper deftination, are to affift in the taking up of of- 
fenders, and in any fervice, by day or night, as their 
commanders (hall require. Befides thefe, for the exe- 
cution of the police orders, and to aft as patroles, there 
is alfo a commando of 120 men, who, in cafes of emer- 
gency, are fupported by a company of kofaks, or a re- 
giment of huffars. 

This machine, confifting of fo many fubordinate 
parts, preferves in its orderly courfe that fecurity and 
peace which excite the admiration of all foreigners. 
The aftivity of every individual member is unobferved in 
the operation of the whole ; and by fuch a diftribution 
alone is the attainment of fo complicated an aim prafti- 
cable.—All the quarter-infpeftors of a department re- 
pair every morning, at feven o’clock, to their infpec- 
tor’s houfe, to lay before him the report of all that has 
happened in their quarters during the laft 24 hours ; 
and at eight o’clock, all the infpeftors bring together 
thefe feveral reports into the police-office, whereupon 
they firft and immediately take into examination the 
cafes of perfons taken into cuftody during the night. 
On urgent occafions, the police-office affembles at all 
hours. ' t 

1 his organization, and the extraordinary vigilance of 
the police, which is found competent to the bufinefs of 
a numerous and reftlefs people, render all fecret inqui- 
iitions unneceffary. The police has knowledge of all 
perfons in the refidence ; travellers who come and go 
are fubjeft to certain formalities, which render it ex- 
tremely difficult to conceal their place of abode, or their 
departure from the city. To this end, every houfe- 
holder and innkeeper is obliged to declare to the police 
who lodges with him, or what ftrangers have put up at 
his houfe. If a ftranger or lodger ftays out all night, 
the landlord muft inform the police of it at lateft on the 
third day of his abfence from his houfe. The cautiona- 
ry rules, in regard to travellers quitting the town, are 
ftifl more ftrift. Thefe muft publifh in the newfpapers 
their name, their quality, and their place of abode, three 
feveral times, and produce the newfpapers containing the 
advertifement, as a credential in the government from 
which they then received their paffport; without which, 
it is next to impoffible to get out of the empire. This 
regulation not only fecures the creditor of the perfon 
about to depart, but alfo enables the police to keep a 
clofer infpeftion over all fufpefted inhabitants. 

If individuals may be fufpefted by the government, 
becaufe their means of fupport, the company they keep, 
and their whole courfe of aftion, are clofely wrapped 
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up in myftery ; fo likewife may whole focieties be lefs Peterf- 
indifferent to.it, if they carefully conceal the objeft of ^U!.gh« 
their conneftion, or their very exiltence, from the eye , 1>e^ver‘ 
of the public. The police w atches here, with laudable 
attention, over fecret focieties of all kinds ; and fre- 
quently as the fanatical Ipirit of religious or political 
feftaries, or the enthufiafm of pretended myftagogues, 
have attempted to neftle here, they have never been 
able to proceed, or only for a very fliort time. Ani- 
mal magnetifin, Martinifm, Rofycrutianifm, and by 
whatever other name the conceits of diftempered imagi- 
nations may be called, have always been attended with 
the fame bad fuccefs on this ftage. 

From this fketch it will be readily imagined, that the 
number of impoftors and difturbers of the public peace 
can be but fmall. Quarrels and affrays in the ftreets or 
in the cabaks but fcldom happen. The perfon attack- 
ed calls the neareft watchman ; and in a moment both 
the aggreffor and the aggrieved are taken into cuftody, 
and led to the next fieja (pohce-vvatch-houfeJ, where 
the caufe of their quarrel is inquired into, and the ag- 
greffor is puniffied. For matters of fome deferiptions, 
there is a peculiar tribunal, under the denomination of 
the oral court, which, on account of its lingularity, de- 
ferves to be briefly noticed. 

In each quarter of the town are one or more judges 
of the oral court, who are chofen from the ftafs of 
burghers, and with whom are affociated a few jurats.. 
This court fits daily in the forenoon, and proceeds oral- 
ly in all the differences that come before it. It, how- 
ever, keeps a day-book, in which are entered all the 
caufes and decifions of the court, and which muft be 
every week laid before the magiftrate. When a charge 
is brought, the court declares it orally to the preiident 
of the quarter : whereupon the accufed muft not delay 
his appearance before the police longer than one day 
alter he has received the fummons. Every caufe muft 
be detei mined in one day, or, if the examinations require 
more time in collefting, in three days. The oral court- 
communicates the decifion to the prefident of the quar- 
ter by means of his day-book, in order to its ratifica- 
tion. If either party is not fatisfied with the fentence,. 
he may appeal to the court as appointed, in the reeula- 
tions. 

This is a very favourable account of the police of St 
Pete rib urgh ; but it is differently reprefented in Beau- 

John's Travels of t<wo Frenchmen through Rujfu, in 
1790—1792. According to him, the police of the 
capital of that empire is far from being on the molt re- 
fpeftable footing. There happen, indeed, but few ac- 
cidents in the night ; yet fometimes murders are com- 
mitted, and elpecially thefts ; lor which, according to 
our author, it is exceedingly rare to obtain juftice. 
When a peiion has been affalfinated in fome place of 
bad repute, the police-officer is engaged to fecrecy by 
means of a few rubles ; fo that the affair is foon huflied 
up, tin lefs the deceafed belonged to fome powerful fa- 
mily, whofe intereft makes it neceffary that inquiries 
ihould be inftituted. When two perfons quarrel, either 
in the ftreet or in a public houfe, iie who pays the in- 
quirer is always in the right: the inferior police-officers 
are never proof againft money ; and the poor individual 
whether he be in the right or wrong, is almoft fure of 
a beating. 

PETiVER (James), a famous Engliff botanift, was 

totv» 
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Phafianus. 
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contemporary with Plokenet i but the CKaft time of lied, in point of general hab.t or appearanee, was the Vggg, 
his birth is not known, nor is much intelligence con- phrfanu, curv.rojlns or Impeyan pheafant t an Eaft l»- 
cer rhj? him at prefect to be obtained. His profeffion Indian bird, defer,bed and figured both in Mr Latham ,  ^ 
was that of an apothecary, to which he was apprenticed Ornithology, and in the Muteum Leverianum. From 
under Mr Feltkim, then apothecary to St Bartholo- that bird, however it differs very contrderably. Fhe - - v 1 tail of the latter being in a mutilated ftate, it was fcarce 

to determine, with abfolute precifion, whether mew’s hofpiul When he entered into bufinefs for 
himfelf, he fettled in Alderfgate ftreet, and there con- 
tinued for the remainder of his life. He obtained con* 
fide,-able buiinefs, and after a time became apothecary 
to the charter-houfe. After the Tradescants, he ap- 
pears to have been the only perfon, except Mr Courten 
amd Sir Hans Sloane, who made any confiderable col- 
ledtion in natural hiitory, previous to thofe of the pre- 
fent day. He engaged the captains and furgeons of 
Ihips to bring him home fpecimens, and enabled th6™ 
to feledt proper objeds, by printed direaions which he 
diftrihuted among them. By thefe means his collec- 
tion became fo valuable, that fome time before his death 
Sir Hans Sloane offered him L.4000 for it. After his 
death, it was purchafed by the fame colleftor. His 
mufeum extended his fame both at home and abroad. 
He was eleded into the Royal Society ; and becoming 
acquainted with Ray, affifted him in arranging the fe- 
cond volume of his Hiftory of Plants. He died Apn 

1718 ; and much honour was ftiewn to him at his 20 
funeral, by the attendance of Sir Hans Sloane, and 
other eminent men, as pall bearers, &c. By future bo- 
tanifts, his name was given to a plant. See Petive- 
RIA9 EticycL 

He gave the world feveral publications on various 
fubjefts of natural hiftory : 1. Mufci Petiveriani Centu- 
ra dccem, 1692—1703, 8vo. 2. Ga%ophylacli Nature 

poftible    
it ftiould be referred to that fubdiviiion of pheafants 
which contains thofe with long or cuneiform tails, or 
thofe with rounded ones, as in the Impeyan pheafant. 
The general colour of this moft elegant bird was black, 
with a glofs of blue, or what, in the language of natu- 
ral hiftory, may be termed chalybean black, or black 
accompanied by a fteel blue luftre. The lower part of 
the back was of a peculiarly rich colour, which, ac- 
cording to the different dire&ions of the light, ap- 
peared either of a deep ferruginous or of the brighteft 
ftery orange red'. This beautiful colour paffed in the 
manner of a broad zone round the whole body ; but 
on the abdomen was of a much more obfeure appear- 
ance than on the back, as well as fomewhat broken or 
irregular, efpecially on the ffdes. The throat was iur- 
niftied with a large, and fomewhat angular, pair of 
wattles, uniting with the bare fpaces on the cheeks. 
The feathers on the top of the head, which was of a 
lengthened form, ran a little backward, fo as to give 
the appearance of an indiftin& occipital creft. The 
beak was remarkable for a more lengthened and curved 
afpetf: than in any other bird of this genus, except the 
Impeyan pheafant. The feathers on the neck, back, 
and bread, were rounded, and of the fame fttelldike or 
fcaly habit as thofe of the turkey. The legs very ftout, 
and were armed with a pair of extremely ftrong, large, 
and (harp fpurs. Both legs and beak were of a pale 
colour. Whether this bird be really new or not to the 

et Artis^ Decades decern, folio, VJ02, with 103 plates, 
3. A Catalogue of Mr Ray’s Englifh Herbal, illulira 
ted with figures, folio, 1713* ^nd continued in 1715* ’■ r „ ■ . / ... nr- ■ 
4 Many fmall publications, which may be found enu- ormthologifts of Europe, it may at lea ft be affirmed vv 
nicrated^in Dr Pultney’s book. 5. Many papers in the fafety, that it had never been properly defenbed^nor 
Philofophical Tranfadions, and a material article in the 
third volume of Ray’s work, entitled, Plant# Rariores 
Chinenfes Madrafpatance, cl African#, a Jacobo Petivero 
ad opus Confummandum Collate, &c. Many of his imall- 
er tradts having become very Icarce, his works were 
collefted and publiihed, exclufive of his papers in the 
Tranfa£tions, in 2 vols folio, and one 8vo, in the year 
1764- 

PHASIANUS (See Encycl.) A fpecics of this ge* 
nus of birds, formerly not deferibed, was lent from Ba- 
tavia to England by Lord Macartney, or fome of his 
attendants, when they were on their voyage to China. 
The fpecies to which it feemed to be moft nearly al- 

can the chara&er of any fpecies, hitherto introduced in- 
to the books of any fyilematic naturalift, be confidered 
as a juft or competent fpecific chara&er of the prefect 
bird. It may be called the fire-lacked pheafant ; and its 
effential chara&er may be delineated in the following 
terms : Black pheafant with a fteel-blue glofs; the fides 
of the body rufous ; the lower part of the back fiery 
ferruginous ; the tail rounded ; the two middie feathers 
pale yellow brown.—Sir George Staunton's Account oj an 
Embaffy to China. &c. 

PHILO SOPH 1ST, a lover of fophiftry or falfe rea- 
foning, in contradiftinction X.o philofupher, who is a lover 
of found reafoning, true feience, and practical wiidom. 

Critical PHILOSOPHY. 

Oridnof r’^TiCAL PHILOSOPHY, is the appellation given 
thefcience.5 to a fyftem of fcience, of which the founder is Im- 

manuel Kant, regius profeffor of logic and metaphybes 
in the univerfity of Koenigfberg. Of this fyftem, which 
is very generally admired in Germany, we prornifed, in 
our profpe&us, to gratify our fpeculative readers with 
a fhort view ; and that promife we are enabled to ful- 
fil, by the kind communication of an illuftrious foreign- 
er, who, after a£ting a confpicuous part on the theatre 
of the world, and ftriving in vain to ftem the torrent of 

democratic innovation, is now living an exile from his 
wretched country, and cultivating the fciences and the 
arts of peace. _ ...» 

“ To explain (fays he) the philofophy of Kant in all oW-cur;ty 
its details, would require a long and a painful ftudy, of its lan- 
without producing any real advantage to the reader, guage. 
The language of the author is equally obfeure, and his 
reafomngs equally fubtle, with thofe of the commenta- 
tors of Ariftotle in the 15th century. 

The truth of this affertion will be denied by none, 
who 



Critical PHILOSOPHY. 
who have endeavoured to make themfelves matters of 
the works of Willtch and Nlifch on the critical philofo- 
phy ; and the fource of this obfcurity feems to be fuffi- 
ciently obvious. Belides employing a vaft number of 
words of his own invention, derived from the Greek 
language, Kant ufes expreffions, which have long been 
familiar to metaphy licians, in a lenfe different from that 
in which they are generally received ; and hence a large 
portion of time is requilite to enable the molt fagacious 
mind to afeertain with precifion the import of his phra- 
feology. 

The difficulty of comprehending this philofophy has 
contributed, we believe, more than any thing elfe, to 
bring it into vogue, and to raife the fame of its author. 
Men are affiamed, after fo laborious and fatiguing a ftu- 
dy, to acknowledge that all their labour has been thrown 
away ; and vanity prompts almott every man to raife 
the importance of that branch of fcience which is un- 
derftood but by a few, and in which he is confcious 
that his own attainments have been great. “ We ac- 
knowledge, however, that in the fyftem of Kant there 
is difplayed much genius, combination, and fyttematic 
arrangement ; but this only affords one of the many 
reafons which it prefents, for our regretting that the 
author has not dire&ed his mind to more ufeful re- 
fearches, and that he has wafted the ftrength of his ge- 
nius in rendering uncertain the moft comfortable truths, 
and in giving the appearance of novelty to opinions for 
the moft part taught long before his day. 

The following analyfis, we believe, will fufficiently 
enable any one, at all converfant with metaphylical 
fcience, to form a judgment of this celebrated fyftem; 
and our correfpondent, on whofe word the reader may 
rely, affures us, that, in detailing the principles of Kant, 
he has taken fpecial care to exhibit them with the ut- 
moft poffible exa&nefs, having feveral times preferred 
the obfcurity of the author’s reafontngs and language, 
to the danger of a falfe, though more perfpicuous, in- 
terpretation. 

Divifion of “ ^•ant d^ides all our knowledge into that which is 
human a priori, and that which is a pojieriori. Knowledge 
knowledge, a/r/'oW is conferred upon us by our nature. Know- 

ledge a pojieriori is derived from our feufations, or from 
experience; and is by our author denominated empyric. 
One would at firft be induced, by this account of the 
origin of human knowledge, to believe that Kant in- 
tended to revive the fyftem of innate ideas; but we very 
quickly difeover that fuch is not his fyftem. He con- 
fiders all our knowledge as acquired. He maintains, 
that experience is the occajional caufe or produdrice of 
all our knowledge ; and that without it we could not 
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have a fingle idea. Our ideas a priori, he fays, are pro- 
duced with experience, and could not be produced with- 
out it ; but they are not produced by it, or do not pro- 
ceed from it. They exift in the mind ; they are the 

forms of the mind. They are diftinguifhed from other 
ideas by two marks, which are ealily difeerned ;■ i. e. 

Suppl. Vol. II. Parti. 

they appear univerfal and ncceffary; or, in other words* 
they admit of no exception, and their converfe is impof- 
hble. Ideas which we derive from experience have no 
Inch chara&ers. We can fuppofe, that what we have 
feen, or felt, or heard once, we may fee, or fed, or hear 
again ; but we do not perceive any impoffibility in its 
being otherwife. For inftance, a houfe is on fire in my 
view : I am certain of this facf ; but it affords me no 
general or necejjary knowledge. It is altogether a pojle- 
tiori; the materials are furnifhed by the individual im- 
preffion which I have received; and that impreffion 
might have been very different. 

‘‘ Lut if I take twice two fmall balls, and learn to 
cah twice lVvO four, 1 (hall be immediately convinced, 
that any two bodies whatever, when added to any two 
other bodies, will conftantly make the fum of bodies 
four. Experience has indeed afforded me the opportu- 
nity of acquiring this knowledge ; but it has not given 
it to me ; for how could experience prove to me that 
this truth ftiail never vary? Experience mutt always 
be limited; and therefore cannot teach us that which is 
necejjary and univerfal. It is not experience which dif 
covers to us, that we ffiall always have the furface of 
the whole pyramid by multiplying its bafe b) the third 
part of its height ; or that two parallel lines, extended 
in infinitum, ffiall never meet. 

“ All the truths of pure mathematics are, in the lan- 
guage of Kant, a priori. Thus, that a ftraight line is 
the ftiorteft of all poffible lines between two fixed points; 
that the three angles of a triangle are always equal to 
two right angles; that we have the fame fum, whether 
we add y to 7 or 7 to j ; and that we have the fame 
remainder when we fubtradl 5 from 10 as when we fub- 
tradft 10 from 15—are fo many propoiitions, which are 
true a priori. 

“ Pure knowledge a priori, is that which is abfolutely pt,r(.£POVV 
without any mixture of experience. Two and two men ledge a ^ 
make four men,. is a truth, of which the knowledge is °ri. 
a priori; but it is not pure knowledge, becaufe the 
truth is particular. The ideas offubjlance, and of caufc 
and ejfed, are a priori; and when they are feparated 
from the obje&s to which they refer (we fuppofe from 
this or that particular objeft), they form, in the lan- 
guage of Kant, void ideas (a). It is our knowledge 
a priori, i. e. that knowledge which precedes experience 
as to its origin, which renders experience poffible (b). 
Our faculty of knowledge has an effeft on our ideas of 
fenfation analogous to that of a veffel, which gives its 
own form to the liquor with which it is filled. Thus, 
in all our knowledge a pojieriori, there is fomething d 
priori derived from our faculty of knowledge. All the 
operations of our minds ; all the impreffions which our 
external and internal fenfes receive and retain,are brought 
into effedl by the conditions, the forms, which exift in us 
by the pure ideas a priori, which alone render all our 
other knowledge certain. 

“ Time and fpace are the two effential forms of the 
   Y y mind: 

(a) In the language of Lock abjlrad ideas. 
(b) In our correfpondent’s manufeript, this fentence runs thus : “ It is our knowledge a priori, or that know- 

ledge which entirely precedes experience as to its origin, which experience renders poffible ;” but here muff; be fome 
miftake, either by the tranflator or by the amanuenfis. Kant’s philofophy is abundantly obfeure and paradoxical- 
but it furely never entered into his head to reprefent the effe& as prior in its origin to the very caufe which alone 
renders it poffible. The context, too, feems to us to agree better with the meaning of the fentence as we have 
printed it in the text. 

5 
Time and 
fpace. 
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mind : the former for impreflions received by the inter- 
nal fenfe ; the fecond for thofe received by our external 
fenfes. Time is necelfary in all the immediate (perhaps 
intuitive) perceptions of obje6ts ; and fpace in all exter— 

6 nal perceptions. f 
ExtenQon. “ Exicnfion is nothing real but as the form ot our 

fenfations. If exteniion were known to us only by ex- 
perience, it would then be poffible to conceive that 
there might be fenhble objects without fpace. 

Impenetra- “ It is by means ot the form /pace that we are ena- 
bility, &.c. bled, a priori, to attribute to external objefts impenetra- 

bility, divifibility, mobility, &c. ; and it is by means, of 
the form time that we attribute to any thing duration, 

, fuccejfion, fimultaneity, permanence, See. . 
Origin of “ Arithmetic is derived from the form of our internal 
arithmetic Iepfe) and geometry from that ot our external, 
and geo- 0ur underftanding collefts the ideas received by 
metr9‘ the xmpreflions made on our organs of fenfe, confers on 
Unifying thefe ideas unity by a particularybrre (we fuppo e ener- 
powerot \ a priori; and thereby forms the reprefentation ot 
the mind. fa

;
ch obi eft. Thus, a man is fucceffively ftruck with 

the impreflions of all the parts which form a particular 
garden. His underftanding unites thefe impreflions, or 
the ideas refulting from them ; and in the unity produ- 
ced by that unifying a&, it acquires the idea of the gar- 
den. If the objeefs which produce the impreflions af- 
ford alfo the matter of the ideas (c), then the ideas are 
tmpyric; but if the objeds only unfold the forms oj the 
thought, the ideas are a priori. The ad of the under. 
Handing whichunitesthe perceptions of the various parts 
of an objed into the perception of one whole, is the fame 

10 with that which unites the attribute with its fubjed. 
Analytic «< Judgments are divided into two fpecies; analytic 
judgment*.. and fynthetic. An analytic judgment is that in which 

the attribute is the mere developement of the fubjed, 
and is found by the Ample analyfis of the perception ; 

11 as bodies are extended ; a triangle has three Jules. 
Synthetic “ A fynthetical judgment is that where the attribute 
judgments. conneded with the fubjed by a caufe (or batis) ta- 

ken from the faculty of knowledge, which renders this 
connedion neceffary : as, a body is heavy ; <wood ts com- 
buflible ; the three angles of a triangle are equal to two 
right anvles. There are fynthefes a prion and a pojle- 
riori; and the former being formed by experience, w.e 
have the fure means of avoiding deception. 

“ It is a problem, however, of the utmoft import- 
ance, to difeover how fynthetic judgments a priori are 
poflible. How comes it, for example, that we can af- 
firm that all the radii of a circle are equal, and that 
two parallel lines will never meet ? It is by fiudying the 
forms of oilr mind that we difeover the pofiibility ot 
making thefe affirmations. In all objeds there are 
things which muft. neceflarily be thought (be fupplied 
by thought) ; as, for example, that there k afubfance, an 
accident, a caufe, and certain ejfefls. 

Forms of “ The forins of the undertlanding are, quantity, qua- 
the under- ///y, relation, modality . 
Handing. <4 Quantity, Kant diftinguithes mtogeneral,particular, 

and individual; quality, into affirm alien, negation, infi- 
nite ; relation, into categoric, hypothetic, and disjunaive; 
and modality, into problematic, certain, and necejjary. 
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He adds alfo to thefe properties of the four principal 
forms of the underftanding, a table of categories or fun- 
damental ideas a priori. r Categoric* 

“ Quantity, gives unity, plurality, totality. Quality, ° 
gives reality, negation, limitation. Relation, gives inhe- 
rence, fubfiance, caufe, dependence, community, reciprocity. 
Modality, gives pqjfibility, impojfihility, exifience, nothing, 
neceffity, accident. Thefe categories can only be applied 
to experience. When, in the confideration of an ob- 
jed, we abitrad all that regards fenfation, there remain 
only the pure ideas of the underftanding, or the catego- 
ries, by which a thing is conceived as a thing. 

“ Pure reafon is the faculty of tracing our know- 
ledge a priori, to fubjed it to principles, to trace it 
from its neceffary conditions, till it be entirely with- 
out condition, and in complete unity. This pure 
reafon has certain fundamental rules, after which the 
necefiary connedion of our ideas is taken for the de- 
termination of the 6bjeds in themfelves; an illufton 
which we cannot avoid, even when we are acquainted 
with it. We can conclude from what w? know to 
what we do not know ; and we give an objective rea- 
lity to thefe conclufions from an appearance which leads 
us on. . . _ . 

a The writings of Kant are multifarious ; but it ris£f
nticlue 

in his work entitled the Critique of Pure Reafon tjiat^111^rW'" 
he has chiefly expounded his fyftem. This work is a 
treatife on a pretended fcience, of which Kant’s fcho- 

‘ lars conflder him as the founder, and which has for its 
objeds the natural forces, the limits of our reafon, as the 
fource of our pure knowledge a priori, xhc principles of all 
truth. Kant does not propofe to give even an expofi- 
tion of thefe branches of knowledge, but merely to 
examine their origin j not to extend them, but to pie- 
vent the bad ufe of them, and to guard us againft error. 
He denominates this fcience tranfcendental criticifn ; be- 
caufe he calls all knowledge, of which the objed is not 
furnifhed by the fenfes, and which concerns the kind 
and origin of our ideas, tranfcendental knowledge. The 
Criticifm of Pure Reafon, which gives only the funda- 
mental ideas and maxims a priori, without explaining 
the ideas which are derived from them, can lead (fays 
Kant) to a complete fyftem of pure knowledge, which 
ought to be denominated tranfcendental philofophy, of 
which it (the Criticifm, &c.) prefents the architectonic 
plan, i. e. the plan regular and well difpofed. 

“ The work entitled The Critique of Pure Reafon, 
is divided into feveral parts or fedions, under the ridi- 
culous titles of JEfihetic tranfcendental; of tranfcendental 
logic ; of the pure ideas of the underfianding; of the 
tranfcendental judgment ; of the paralogifm of pure reafon ; 
of the ideal tranfcendental; of the criticifm of fpeculativc 
theologies ; of the difcipline of pure reafon,. See. 15 

“ °But to proceed with our abftrad of the. fyftem. We cannot 
We know objeds only by the manner in which they 
affed us ; and as the impreflions which they make upoiiJare in 

1 

us are only certain apparitions ox phenomena, it is im-*hemfelves 
poflible for us to know what an objeft.is in itfelf In 
confequence of this aflertion, fome have fuppofed that 
Kant is an idealijl like Berkeley and fo many others, 
who have thought that fenfations are only appearances, 

and 

(c) This is wonderful jargon } but the reader will refled that it is not ours. 
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and that there is no truth but in our reafon ; but fuch 
is not the opinion of Kant (d). According to him, 
our underitanding, when it coniiders the apparitions or 
phenomena, acknowledges the exijlence of the obje&s in 
themfelves, inafmuch as they ferve for the bafes of thofe 
apparitions ; though we know nothing of their reality, 
and though we can have no certitude but in experience. 

“ When we apply the forms of our underltanding, 
fuch as unity, totality, fubjlance, cafuality, exijlence, to 
certain ideas which have no objedt in [pace and time, we 
make a fallacious and arbitrary application. All thefe 
forms can bear only on fenlible objedls, and not on the 
world of things in itfilf, of which we can think, but 
which we can nlver know. Beyond things fenfible 
we can only have opinions or a belief of our reafon. 

“ The motives to confider a propofition as true, are 
either objedive, i. e. taken from an external objedt, fo 
that each man (hall be obliged to acknowledge them } 
and then there is a truth evident and fufceptible of de- 
monf ration, and it may be faid that we are convinced: 
or the motives are fubjedive, i. e. they exift only in the 
mind of him who judges, and he ‘ve. perfuaded. 

“ Truth, then, coniifts in the agreement of our «o- 
tions with the objeds, in fuch a manner as that all men 
are obliged to form the fame judgment; belief con- 
firts in holding a thing for true in a fubjedive manner, 
in Confequence of a perfuafion which is entirely per- 
fonal, and has not its bafis in an objedt fubmitted to ex- 
perience. 

“ There is a belief of dodrine, of u'hich Kant gives, 
as.an example, this aflertion—‘ there are inhabitants in 
the planets.’ We muft acknowledge (he adds) that 
the ordinary mode of teaching the exiitence of God be- 
longs to the belief of dodrine, and that it is the fame 
with the immortality of the foul. The belief of dodrine 
(he continues) has in itfelf {omzihingfaggering ; but it 
is not the fame with moral belief. In moral belief there 
is fomething necejfary ; it is (fays he), that 1 ftiould 
obey the law of morality in all its parts. The end is 
ftrongly eftablilhed ; and 1 can perceive only one condi- 
tion, by means of which this end may be in accord with 
all the other ends, i. e. that there is a God. I am certain 
that no man knows any other condition which can con- 
dudt to the fame unity of end under the moral law ; 
which law is a law of my reafon. I will confequently 
believe certainly the exijlence of God, and a future life ; 
becaufe this perfuafion renders immoveable my moral 
principles—principles which I cannot rejedf without 
rendering myfelf contemptible in my own eyes. I wilh 
for happinefs, but I do not wifh for it without mora- 
lity ; and as it depends on nature, I cannot wilh it with 
this condition, except by believing that nature depends 
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on a Being who caufes this connexion between mora- 
lity and happinefs. This fuppofition is founded on the 
want for necjjicy) of my reafon, and not on my duty. 

“ We have, however, no certainty (lays Kant) in 
our knowledge of God, becaufe certainty cannot exift 
except when it is founded on an objeft of experience. 
The philolopher acknowledges, that pure reafon is too 
weak to prove the exiftence of a being beyond the 
reach of our leufes. The neceffity of believing in God 
is therefore only fubjedive, although neceflary and ge- 
neral for all thole beings who conform to their duty. 
This is not knowlege, but only a belief of reafon, which 
fupplies the place of a knowledge which is impof- 
fible (e). 

“ The proofs of natural theology (fays our philo- 
fopherj taken from the order and beauty of the uni- 
verle, &c. are proofs only in appearance. They refolve 
themfelves into a bias of our reafon to fuppofe an Infi- 
nite Intelligence as the author of all that is pofiible ; 
but from this bias it does not follow that there really is 
fuch an Author. To fay, that whatever exifts muft have 
a caufe, is indeed a maxim a priori; but it is a maxim 
applicable only to experience, for one knows not how 
to fubje6l to the laws of our perceptions that which 
is abfolutely independent of them. It is as if we were 
to fay, that whatever exifts in experience muft have an 
experience j but the world, taken as a whole, is with- 
out experience as well as its caufe. It is much better 
to draw the proof of the exiftence of God from mora- 
lity, than to weaken it by fuch reafoning. This proof 
is relative. It vis impolfible to know that God exifts ; 
but we can comprehend how it is pofiible to aft morally 
on the fuppofition of the exiftence (although incompre- 
henfible) of an intelligent Creator—an exiftence which 
practical reason forces theoretical reafon to 
adopt. This proof not only perfuades, but even adls on 
the conviction, in proportion as the motives of our 
adfions are conformable to the law of morality. 

“ Religion ought to be the means of virtue and not 
its objedt. Man has not in himfelf the idea of religion as 
he has that of virtue. The latter has its principle in the 
mind ; it exifts in itfelf, and not as the means of happi- 
nefs ; and it may be taught without the idea of a God) 
for the pure law of morality is a priori. i9 

“ He who does good by inclination does not adi Morality* 
morally. The converfe of the principle of morality is 
to make perfonal happinefs the bafis (f) of the will. 
There are compafiionate minds which feel an internal 
pleafure in communicating joy around them, and who 
thus enjoy the fatisfadtion of others ; but their adlions, 
however juft, however good, have no moral merit, and 
may be compared to other inclinations ; to that of 

Y y 2 honour 

(d) We muft requeft the reader to obferve that this is the language of our correfpondent. We have fhewn 
elfewhere, that Berkeley did not deny the reality of fenfations ; and we hope to (hew by and bye, that Kant is as 
much an idealif as he was, if this be a fair view of the Critical Philofophy. 

(e) We have here again taken the liberty to alter the language of our correfpondent. He makes Kant fay, 
“ It is not this knowledge, but a belief of reafon, &c.but this is furely not the author’s meaning. From the 
context, it is apparent that Kant means to fay, that we have not, and cannot have, what can be properly called 
a knowledge of the exiftence of God, but only fuch a belief of his exiftence as fupplies the place of this impofiiblc 
knowledge. 

(f) This is a very abfurd phrafe. We fuppofe Kant’s meaning to be, that the principles of him whofe ac- 
tions and volitions are influenced by the profpedt of perfonal happinefs, are the reverfe of the pure principles ot 
vnorality. 
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honour (for example), which, whilfl it meets with that 
which is juft and ufeful, is worthy of praife and encou- 
ragement, but not of any high degree of efteem. -Ac- 
cording to Kant, we ought not even to do goody either 
for the pleafure we feel in doing it, or in order to be 
happy or to render others happy ; for any one of thefe 
additions (perhaps motives) would be m/jr/V, and in- 
jure the purity of our morals. A reafonable being 
ouo-ht to defire to be exempted from all inclinations, and 
never to do his duty but for his duty’s fake. 

“ We ought to aft after the maxims derived a priori 
from the faculty of knowledge, which carry with them 
the idea of neceffity, and are independent of all expe- 
rience ; after the maxims which, it is to be wifhed, 
could be erefted into general laws for all beings en- 

3o dowed with reafon.” 
Futility of If this be a correft view of the objeft and the re- 
this fyftetn fu]ts Gf the critical philofophy, and the character of 

him from whom we received it permits us not to doubt 
of its being nearly correft, we confefs ourfelves unable 
to difeover any motive which fhould induce our coun- 
trymen, in their refearches after truth, to prefer the 
dark laptern of Kant to the luminous torch of Bacon. 
The metaphyfical reader will perceive, that, in this ab- 
ftraft, there is little which is new except the phrafeology; 
and that what is new is neither unitelligible or untenable. 

Of which The diftinftion between knowledge a priori and 
the funda- knowledge a pojltriori, is as old as fpeculation itfelf; 
mental anc} the mode in which Kant illuftrates that diftinftion 

!’lin“P.ICS differs not from the illuftrations of Ariftotle on the 
fame fubjeft. The Stagyrite talked of general forms, 
or formal caufes, in the mind, as well as the profeffor at 
Koenigfberg ; and he or his difciples (for we quote 
from memory) compared them to the form of the fta- 
tue in the rough block of marble. As that form is 
brought into the view' of the fpeftator by the chiffel of 
the ftatuary, fo, faid the peripatetics, are the general 
forms in the mind brought into the view of confciouf- 
nefs by fenfation and experience. 

Such was the doftrine of Ariftotle and his difciples, 
and fuch feems to be the doftrine of Kant and his fol- 
lowers ; but it is either a falfe doftrine, or, if it be true, 
a doctrine foohfhly exprefied. A block of marble is 
capable of being cut into any form that the ftatuary 
pleafes ; into the form of a man, a horfe, an ox, an afs, 
a fifh, or a ferpent. Not one of thefe forms therefore 
can be inherent in it, or effential to it, in oppofition to 
the reft ; and a general form, including all the animals 
under it, is inconceivable and impoffible. In like man- 
ner, the human mind is capable of having the ideas of a 
circle, a triangle, a fquare, of black, white, red, of four, 
fweet, bitter, of the odour of a rofe, and the flench of 
a dunghill, of proportion, of mufical founds, and of a 
thoufand other things. None of thefe ideas therefore 
can be effential to the mind in oppolition to the reft ; 
and every man, who is not an abfolute ftranger to the 
operations of his own in telle ft, knows well that he 
cannot think of a thoufand things at once ; or, to ufe 
the language of pkilofoohers, have in his mind a general 
idea, comprehending under it a thoufand things fo dif- 
cordant as colours and founds, figures, and imells. If 
therefore Kant means to affirm, with Plato, that, pre- 
vious to all experience, there are actually in the mind 
general forms, or general ideas, to which fenfation, or 
experience, gives an opportunity of coming into view, 
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he affirms what all men of reflexion know to be falfe. 
If he means only to affirm, what feems to have been 
the meaning of Ariftotle, that particular fenfations give 
occafion to the intelleft to form general ideas, he ex- 
preffes himfelf indeed very ftrangely ; but his doftrine 
on this fubjeft differs not effentially from that of Locke 
and Reid, and many other eminent metaphyficians of 
modern times. Of abflraftion and general ideas w'e 
have given our own opinion elfewhere (See Metaphy- 
sics, Encycl. Part I. Chap, iv.), and fhall not here re- 
fume the fubjeft. 5a 

But when Kant fays that his ideas a priori are uni- Improper 
•verfal and neceffary, and that their converfe is impojftble, ufe of 
he feems by the word idea to mean what more accurateterrnb > 
writers exprefs by the term propofition. There are in- 
deed two kinds of propofitions, of which both may be 
true, though the one kind expreffes neceffary and uni- 
verfal truths, and the other fuch truths as are contin- 
gent and particular. (See Metaphysics, Encyil. 
Part I. Chapter vii.) Propofitions direftly contrary to 
thofe which exprefs particular and contingent truths 
may be eafily conceived ; wrhilft fuch as are contra- 
ry to neceffary and univerfal truths are inconceive- 
able and impoffible ; but we doubt whether any idea, 
in the proper fenfe of the word, has a contrary or, as 
he expreffes it, a converfe. Nothing is not contrary to 
fubflance, nor black contrary to white, nor four contrary 
to fweet, nor an inch contrary to an ell. Nothing is 
the negation of fubftance, and black the negation of 
white ; four is different from fw'eet, and an inch is lefs 
than an ell; but between thefe different ideas we perceive 
no contradiftion. 

That Kant ufes the term idea inftead of propoftion, 
or fome word of fimilar import, is farther evident from 
his inftances of the houfe on fre, and the manner in 
which we learn that any two bodies added to any two 
other bodies will conflantly make the fum of four bo- 
dies. If it be his will to ufe the terms a priori and a 
poferiori in the fenfe in which other metaphyficians ufe 
the terms neceffary and contingent, we can make no other 
objeftion to his diftinftion between thefe two propofi- 
tions, but that it is expreffed in very improper lan- 
guage. The houfe might certainly be on fre or not on 
fire ; but twice two bodies muf always make the fum 
of four bodies, and cannot poflibly make any other fum» 

The truth of this laft propofition (he fays) we can- 
not have learned from experience, becaufe experience, 
being always limited, cannot poffibly teach us what is 
neceffary and univerfal. But this is egregious trifling. 
The experience employed here is not limited. A child 
unqueffionably learns the import of the terras of nu- 
meration, as he learns the import of all other terms, by 
experience. By putting two little balls to two little 
balls, he learns to call the fum four balls. After two 
or three leflbns of this kind with different bodies, his 
own refleftion fuggeils to him, that the fum four has 
no dependance upon the fhape or confiftence of the bo- 
dies, but merely upon the individuality of each or their 
numerical difference ; and individuality, or numerical 
difference, is as completely exemplified in two bodies 
of any kind as in two thoufand. 

All the truths of pure mathematics (fays Kant) are with f* 
a priori. If he means that they are all neceffary, andconfe- 
that the contrary of any one of them is inconceivable,quences, 
he affirms nothing but what is true, and has been known 

to 
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*o all mathematicians thefe two thoufand years. But, 
if he means that they are innate truths, not difeovered 
by induction or ideal meafurement, his meaning is de- 
monftrably falfe. (See Induction in this Supplement.) 
When he fays, that it is not experience which dilcovers to 
us that we fliall always have the furface of the pyramid, 
by multiplying its bafe by the third part of its height, 
he is right, if by experience he means the aftual mea- 
furement of all pofiible pyramids ; but furely he cannot 
mean that the truth of this meafurement is innate in 
the mind, for it is in facl not a true but a falfe mea- 
furement (g). The bafe of a pyramid multiplied by 
the third part of its height gives, not the furface, but 
the folid contents of the pyramid ; and he who under- 
itands the propofition on which this truth is immediate- 
ly built, knows perfectly' that Euclid proved it by a 
feries of ideal meafurements of thofe particulars in which 
all pyramids neceflarfly agree. 

Kant feems often to confound fenfation with expe- 
rience ; and if by experience he means fenfation, when 
he lays that fure kno-wledge, a priori, is that which is 
abfolutely w ithout any mixture of experience, he talks 
nonfenfe ; for the moft fpiritual notions which men can 
form are derived from the operations of the mind on 
ideas of fenfation. To the reft of the paragraph, re- 
fpefting pure knowledge, we have hardly any objection 
to make. Locke, the great enemy of innate ideas, 
taught, before Kant was born, that our knowledge de- 
pends upon our organization and the faculties of our 
minds, as much as upon impreflions made on the fenfes 
ab extra; that if our organs of fenfe w-ere different 
from wThat they are, the tafle of fugar might be bitter, 
and that of wormwmod fweet ; and that if we had not 
memory, and could not modify and arrange our ideas, 

44 all progrefs in knowledge would be impoflible. 
Croundlefs When our author talks of time an&fpace as the two. 
cr falfe af- efpen(iai forms 0f the mind, we are not fure that we 
tertions. * underhand him. We have fhewn elfew'here, that a 

confcious intelligence may be conceived w'hich has no 
ideas either of fpace or of time (fee Metaphysics, 
Encycl. n° 182, &c. and 209, &c.) ; and he who can 
affirm, that if extenfion w'ere known to us only by ex- 
ptrience, it would be poffible to conceive fenfible obje&s 
without fpace, has never attended to the force of w hat 
philofophers call the ajfotiaiion of ideas of the mind. But 
what is here meant by fenfible objedts ? Are they ob- 
jects of touch, tafte, or fmell ? Objedts of touch cannot 
indeed be conceived without fpace; but what extent of 
fpace is fuggefted by the tafte of fugar or the odour of 
a rofe ? 

When Kant talks of the form fpace enabling us to 
attribute to external objedts impenetrability, mobility, &c. 
he talks at random ; and another man may, with as 
much propriety, and perhaps more truth, affirm the 
converfe of his propofitions, and fay, that it is the im.- 
penetrabihty and mobility, &c. of external objedls that 
enable us to form the idea called fpace, and the fuccef- 
fion of fome objects^ compared with the permanence of 
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others, that enables us to form the notion or mode call- 
ed time. 

On the two or three next paragraphs it is not worth 
wLile to detain the reader with many remarks. They 
abound wn'th the fame uncouth and obfeure phrafeolo- 
gy, and the fame idle diftindfions between ideas a priori 
and a pojieriori. In n° 11. he affirms, that the three ^ 
following propofitions (a body is heavy, wood is combuf- Ba<j logic, 
tible, and the three angles of a triangle are equal to two 
right angles) are all neerflary judgments. In one fenfe 
this affirmation is true, and in another it is falfe. We 
cannot, without fpeaking unintelligibly, give the name 
body to any fubftance which is not heavy ; and we are 
not acquainted with any kind of wood which is not com- 
buftible ; but furely it is not im^offible to conceive a 
fubftance extended and divifible, and yet not heavy, to 
which the name body might be given without abfurdity, 
or to conceive wrood as incombuf\ible as the mineral 
called ajlejlos. That the three angles, however, of a 
plane triangle can be either mere or lefs than equal to 
tw’o right angles, is obvioufly iinpoffible, and muft be 
perceived to be fo by every intelligence from the Su- 
preme down to the human. The three piopofitions, 
therefore, are not of the fame kind, and fhould not 
have been clafied under the fame genus of necejfary fyn- 
thetic judgments. 

In the critique of pure reafon, Kant feems to teach 
that all demonllrative fcience muft proceed from gene- 
ral principles to particular truths. Hence his forms of 
the iinderflanding, and his categories, which, according 
to one of his pupils*, “ lie in our underitanding as* Dr JVil 
pure notions a priori, or the foundation of all our know- 
ledge. They are necejfary forms, radical notions, of 
which all our knowledge mujl be compounded.” But 
this is directly contrary to the progrefs of the human 
mind, which, as we have fhewn in the article Induc- 
tion, already referred to, proceeds, in the acquifition 
of every kind of knowledge, from particular truths to 
general principles. This tranfcendcntal philofophy of 
Kant’s, therefore, inverts the order of nature, and is as 
little calculated to promote the progrefs of fcience as 
the fylogiftic fyftem of Ariflotle, which w'as likewife 
built on categories or general forms. His tranfcendental 
ajlhetic, which, according to Dr Willich, is the know- 
ledge a priori of the rules of fenfation, fetms to be a 
contradictory expreffion, as it implies that a man may 
know the laws of fenfation, w ithout paying the fmalleft 
attention to the organs of fenfe. 

That we know objeCts only by the manner in which 
they affcCt us, and not as they are in themfelves, is a 
truth admitted, we believe, by all philofophers, and 
certainly by7 Locke and Reid ; but when Kant fays 
that we know nothing of the reality of the objects 
which affeCt our fenfes, he feerns to be fmgularly.para- 
doxical. Berkeley himfelf, the moft ingenious idealift 
perhaps that ever wrote, contends flrenuoufly for the 
exiftence of a caufe of our fenfations diftind from our 
own minds; and becaufe he thinks inert matter a caufe 

inadequate 

(g) This may look like cavalling, as the blunder may be either Kant’s or our correfpondent’s, though neither 
of them can be fuppofed ignorant of the method of meafuring the furface of a pyramid. We aflure the reader, 
however, that we do not mean to cavil. We admit that both Kant and our correfpondent know perfedly well 
how to meafure the furface of a pyramid ; but had that knowledge been innate in their minds, we cannot con- 
ceive the polfibility of their falling into the blunder. The blunder, therefore, though the offspring of mere in- 
advertence, feems to be a complete confutation of the doCtrine. 
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inadequate to this effe£l, he concludes, that every fen- 
fation of which we are confcious is a proof of the im- 
mediate agency of the Deity. But Kant, as we ihall 
perceive by and bye, makes the exigence of God and 
of matter equally problematical. Indeed he fays ejt- 
prefsly, that beyond things fenfible we can only have 
opinions or belief; but things fenfible, as every one 

^ knows, are nothing more than the qualities of objedts. 

of'thefT It Should feem that the greater number of wonders 
tem to which Kant has found in our primitive knowledge and 
wards athe-in the faculties of our mind, the greater number of 
ifm. proofs ought he to have found of the exiftence and at- 

tributes of one Firit Caufe : but fo far is this from be- 
ing the cafe, that we have feen him refting the evi- 
dence of this moil important of all truths, either upon 
the moral fenfe, which our pafiions and appetites fo ea- 
fily alter, or upon the intuitive perception of abjlra£l 
moral reftitude; a perception which thoufands, as vir- 
tuous and as profound as he, have confidered as impof- 
iible. Our philofopher’s proof of a God is nothing 
more than his perfuafion that happinefs is connedled 
with virtue by a being upon whom nature depends ; 
and he fays exprefsly, that this proof carries convidtion 
to the mind in proportion as the motives of a man’s ac- 
tions are conformable to the law of morality. This be- 
ing the cafe, the reader cannot be much furprif^d, when 
he is informed that feveral of Kant’s difciples on the 
continent have avowed themfelves Atheifts or Spino- 
zifts. We have elfewhere (fee Illuminati, nQ 37.) 
mentioned one of thofe gentlemen who was lately dif- 
mifled from his pfofeflbrial chair in the Univerfity of 
Jena, for making God nothing more than an abjlraB 
idea, derived from our relations with the moral world. 
H is fucceHor, a Kantiil likewife, when it was told in 
his prefence, that, during one of the mafiacres in Paris, 
David the Painter fat with his pencil in his hand, en- 
joying the fufferings of the unfortunate wretches, ?nd 
trying to paint the exprefliefns of their agonies, exclaim- 
ed—“ What force of charadler! What fublimity of 
foul!” That this wretch mull be an Atheift, likewife, 
follows of courfe from Kant’s principles ; for it is not 
conceivable that he perceives any connedtion between 
happinefs and virtue. 

That Kant is an atheift: himfelf, we have not learn- 
ed, though his dodlrine leads thus naturally to atheifm, 
and though in his work called Tugend Lehre, page 
180, he makes the following ftrange obfervation upon 
oaths: “ As it would be abiurd to fwear that God 
exifts, it is ftill a queftion to be determined, whether an 
oath would be poffible and obligatory if one were to 
make it thus—I fwear on the fuppofition that God exijls. 
It is extremely probable (fays he), that all Jincere oaths, 
taken with refleftion, have been taken in no other 
fenfe !” 

It is not our intention to plunge deeper into this 
mire of atheifm, or to enter into a formal confutation 
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of the deteftable dodlrines which have been dragged 
from its bottom. Enough has been faid elfewhere to 
convince the theoretical reafon of the found minds of 
our countrymen of the exitlence of one omnipotent, in- 
finitely wife, and perfedlly good Being, the author and 
upholder of all things (See Encycl. Metaphysics, 
Part III. Chap. vi. and Theology, Part I. Sedl. x.) 
It may not, however, be altogether ufelefs to point out 
to the reader how completely Kant confutes himfelf, 
even in the ftiort abftradt that we have given of his 
fyftem. a7 

Among his categories, or fundamental ideas, which Kant con- 
are neceffarily formed in the mind, he exprefsly reckonshites him. 
caufe and effeB : but in various articles of this work, it1^ 
has been proved beyond the poflibility of contradidlion, 
that no fenftble object is the true melaphyftcal caufe of 
any one event in nature ; and indeed Kant himfelf is at 
much pains to (hew that his categories or ideas a priori 
are not ideas of fenfation. There muft: therefore, upon 
his own principles, be caufes which are not the objefts 
of fetfe or experience ; and by tracing thefe caufes back- 
ward, if there be a fucceffion of them, we mull arrive 
at one felf-exiltent caufe, by a demonftration as com- 
plete as that by which Euclid proves the equality of 
the three angles of a plane triangle to two right angles. 
We have no other evidence for the truth of geometrical 
axioms than the laws of human thought, which compel 
us to perceive the impoflibility of fuch propofitions be- 
ing falfe. According to our philofopher, we have the 
very fame evidence for the reality of caufes and effects 
which are not the objefts of fenfe. The confequence 
is obvious. 48 

Kant’s political opinions are faid to be tolerably mo-HIs mora. 
derate, though he betrays, what we mull think, an ab- '“'T 1S ex 

furd confidence in the unlimitedperfctlibility of the tiavagant* 
man mind. On his morality our valued correfpondent 
has bellowed a much larger lhare of his approbation 
than we can allow it of ours. Kant feerrts to contend, 
that the aftions of men fhould be direcled to no end 
whatever ; for he exprefsly condemns, as an end of ac- 
tion, the purfuit either of our own happinefs or of the 
happinefs of others, whether temporal or eternal ; but 
actions performed for no purpofe are furely indications 
of the very efience of folly. Such actions are indeed 
impofiible to beings endued with reafon, pafiions, and 
appetites ; for if there be that beauty in abllraft virtue, 
for which Kant and the Stoics contend, it cannot be 
but that the virtuous man mull feel an internal pleafure 
when he performs a virtuous adtion, or refledls upon his 
pall conduct. He who makes his temporal interell the 
foie rule of his condudl, has indeed no pretenfions to 
the charadler of a virtuous man ; but as the morality 
of the gofpel has always appeared to us fufficiently pure 
and diiinterelled, we think a man may, without devia- 
ting into vice, have refpedt unto “ the recompence of 
future reward.” 

Phofpho- 
rus. 

P H O 
PHOSPHORUS (See Chemistry Index, Supple- 

ment,) has lately been employed as a medicine by Al- 
phonfus Leroi, profeflbr at the Medical School of Paris. 
Its effeds, in a variety of cafes, are thus deferibed in 
the Bulletin de la Societe Philomatique, 1798. 

P H O 
1. Phofphorus adminillered internally in confump- Phofpho- 

tive difeafes appears to give a certain degree of activity 
to life, and to revive the patients, without railing their 
pulfe in the fame proportion. The author relates fe- 
veral inllances that occurred to him in the courfe of his 

pradlice ; 

rus. 
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Phofpho- pra&Tce ; one of which is as follows : Being called to at- 

, tend a woman, at the point of death, who was quite 
worn out by a confumptive diforder, with which fhe 
had been afflidled for three years, in compliance with 
the earned; defire of her hufband, who requefted him to 
give her fome rhedicine, he compofed one of a portion 
of fyrup diluted with water, in which a few fticks of 
pholphorus had been kept. Next day the woman found 
herfelf much better. She was revived for a few days ; 
and did not die till about a fortnight after. 

2. He himlelf, as he acknowledges, was fo impru- 
dent as to take two or three grains of folid phofphorus 
combined only with treacle, and experienced the moft 
dreadful fymptoms. At firlt he felt a burning heat in 
the whole region of the ftomach. That organ feemed 
to be filled with gas which efcaped by the mouth. Be- 
ing dreadfully tormented, he tried to vomit, but in 
vain ; and found relief only by drinking cold water from 
time to tinfe. His uneafy fenfations were at length al- 
layed : but next morning he feemed to be endowed 
with an aftonifhing mufcular force, and to be urged, 
with an almoft irrefiftible impulfe to try its energy. 
The effedf of this medicine at length ceafed, adds the 
author, a la fuite d’un priapifme violent. 

3. In many cafes the author employed, and ftill em- 
ploys, phofphorus internally, with great benefit, to re- 
itore and revive young perfons exhaufted by exceffes. 
He divides the phofphorus into very fmall particles, by 
lhaking it in a glafs filled with boiling water. He 
continues to fhake the bottle, plunging it into cold wa- 
ter, and thus obtains a kind of precipitate of phofpho- 
rus, exceedingly fine, which he bruifes flowly with a 
little oil and iugar, or afterwards employs as liquid 
ele&uary, by diluting the whole in the yoke of an egg. 
By means of this medicine he has effefted aftonifhing 
cures, and reftored the ftrengthof his patients in a very 
fhort time. 

4. In malignant fevers the ufe of phofphorus internally, 
to check the progrefs of gangrene, has fucceeded be- 
yond expectation. The author relates feveral inftances. 

5. Pelletier told him, that having left, through ne- 
gligence, fome phofphorus in a copper bafon, that metal 
was oxidated, and remained fufpended in the water. 
Having thoughtlefsly thrown out the water in a fmall 
court in which ducks were kept, thefe animals drank 
of it, and all died. Mats le male (fays the author) 
couvrit toutes fes femelles jufque au dernier injlant de fa 
vie. An obfervation which accords with the effeft ex- 
perienced by the author. 

6. The author relates a fa£l which proves the afto- 
nifhing divifibility of phofphorus. Having adminifter- 
ed to a patient fome pills, in the compofition of which 
there was not more than a quarter of a grain of phof- 
phorus, and having had occafion afterwards to open 
the body, he found all the internal parts luminous ; and 
even the hands of the perfon who had performed the 
operation, though wafhed and well dried, retained a 
phofphoric fplendor for a long time after. 

7. The phofphoric acid, employed as lemonade, has 
been ferviceable to the author in the cure of a great 
number of difeafes. 

8. Leroi affures us that he oxidated iron with phof- 
phorus, and obtained, by the common means, a white 
oxide, almofl irreducible, which he thinks may be em- 
ployed with advantage in the arts, and particularly in 
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painting with oil, and in enamel, inftead of the white Phofpho- 
oxide of lead. Bhis white oxide of iron occafioned 
violent retchings to the author, who ventured to place 
a very fmall particle of it on his tongue. He does not' 
hefitate, therefore, to confider this oxide as a terrible 
poifon. He was not able to reduce it but by fixed 
alkali and the glafs of phofphorus. 

9. I he author afterts that, by means of phofpho- 
ius, he decompofed and feparated from their bafes the 
fulphuric, muriatic, and nitric acids ; that by help of 
the phofphoric acid he tranfmuted earths ; and that 
with calcareous earth he can make, at pleafure, confi- 
derable quantities of magnelia. He declares, that to 
his labours on pholphorus he is indebted for procefles 
by which he effedfs the diftipation {^opere la J'rite) of 
rubies, the fufion of emeralds, and the vitrification of 
mercury. 

We agree with the editor of the refpedfable Mifcel- 
lany *, from which wTe have immediately taken this ar-* Pld°fo- 
ticle, that Britifh practitioners will do well to ufe their^*^ 
wonted caution in the application of fo powerful a re-voMi^* 
medy. Indeed we conlider it as fo very hazardous a 
remedy, that we had refolved to make no mention of 
it, till we found it tranfcribed into various journals, both 
foreign and domeftic, and thence began to fufpedl that 
wre might be acculed of culpable negligence, were we 
to pafs unnoticed what had attracted the attention of 
fo many of our fellow-labourers in the field of fcience. 

Phosphorus, in aftronomy, is the morning ftar, or 
the planet Venus, w'hen fhe rifes before the fun. The 
Latins call it Lucifer, the French Etoilc de berger, and 
the Greeks Phofphorus. 

PHO I OME PER, an apparatus for meafuring the 
intenfity of light, and likewife the tranfparency of the 
medium through which it paftes. Inftruments for this 
purpofe have been invented by Count Rum ford, M. 
de Sauflure, that eminent mathematician and philo- 
fopher Mr John Leflie, and others. We fhall content 
ourfelves with defcribing in this place the photometer of 
Count Rumford, and the infh ument to which Sauflure 
gives the name of diaphancmcter. Mr Leflie’s is indeed 
the fimpleft inftrumenl of the kind of which we have 
anywhere met with a defeription ; but it meafures only 
the momentary intenfities of light ; and he who w'ifties 
to be informed of its conftruCtion, will find that infor- 
mation in the third volume of Nicholfon’s Philofophical 
Journal. 

Count Rumford, when making the experiments wdiich 
we have noticed in the article Lamp (Suppl.), was led, 
llep by ftep, to the conftruCtion of a very accurate pho- 
tometer, in which the fhadows, inftead of being thrown 
upon a paper fpread out upon the wainfcot, or fide of 
the room (See pagy 64 of this volume), are projected 
upon the infide of the back part of a wooden box 7^ , 
inches wide, 10^ inches long, and 3^ inches deep, in 
the clear. The light is admitted into it through two 
horizontal tubes in the front, placed fo as to form an 
angle of 60°; their axes meeting at the centre of the 
field of the inftrument. In the middle of the front of 
the box, between thefe two tubes, is an opening thro’ 
which is viewed the field of the photometer (See fig. Plate XU* 
I.). This field is formed of a piece of white paper, 
which is not faftened immediately upon the infide of 
the back of the box, b,ut is palled upon a fmall pane 
of very fine ground glafs; and this glafs, thus covered, 

ils 
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photomc- 13 let down into a groove, made to recive it, ir 

ter. back of the box. The whole infide of the box, except 
the field of the iafirument, is painted of a deep black 
dead colour. To the under parts of the box is fitted a 
ball and focket, by which it is attached to a Hand 
which fupports it; and the top or lid of it is fitted 
with hinges, in order that the box may be laid quite 
open, as often as it is necefiary to alter any part of the 
machinery it contains. 

The Count had found it very inconvenient to com- 
pare two fhadows proje&ed by the fame cylinder, as 
thefe were either neceflarily too far from each other to 
be compared with certainty, or, when they were near- 
er, were in part hid from the eye by the cylinder. To 
remedy this inconvenience, he now makes ufe of two 
cylinders, which are placed perpendicularly in the bot- 
tom of the box juft defcribed, in a line parallel to the 
back part of it, diftant from this back 2-rs inches, and 
from each other 3 inches, meafuring from the centres 
of the cylinders; when the two lights made ufe of in 
the experiment are properly placed, thefe two cylinders 
projeft four fhadows upon the white paper upon the in- 
fide of the back part of the box, or the Jie/tJ of the in- 
ftrument two of which thadows are in contaft, pre- 
cifely in the middle of that field, and it is thefe two 
alone that are to be attended to. To prevent the at- 
tention being diftraaed by the prefence of unneceffary 
objeds, the two outfide fhadows are made to difappear ; 
which is done by rendering the field of the inftrument 
fo narrow, that they fall without it, upon a blackened 
furface, upon which they are not vifible. If the cy- 
linders be each an *nc^ ^ diameter, and 2TV inches 
in height, it will be quite fufficient that the field be 
2^ inches wide ; and as an unneceffary height of the 
field is not only ufefefs, but difadvantageous, as a large 
furface of white paper not covered by the (hadows pro- 
duces too ftrong a glare of light, the field ought not to 
be more than of aa inch higher than the tops of 
the cylinders. That its dimenfions, however, may be 
occafionally augmented, the covered glafs ftiould be 
made inches long, and as wide as the box is deep, 
viz. 3^ inches; fince the field of the inltrument can be 
reduced to its proper fize by a fcreen of black pafteboard, 
interpofed before the anterior furface of this covered 
glafs, and refting immediately upon it. A hole in this 
pafteboard, in the form of an oblong fquare, iT

7
5 inch 

wide, and two inches high, determines the dimenfions, 
and forms the boundaries of the field. This fcreen 
fhould be large enough to cover the whole infide of the' 
back of the box, and it may be fixed in its place by 
means of grooves in the fides of the box, into which it 
may be made to enter. The polition of the opening 
above mentioned is determined, by the height of the 
cylinders ; the top of it being -rh of an inch higher 
than the tops of the cylinders ; and as the height of it 
is only two inches, while the height of the cylinders is 

inches, it is evident that the fhadows of the lower 
parts of the cylinders do not enter the field. No in- 
convenience ariles from that circumftance ; on the con- 
trary, feveral advantages are derived from that arrange- 
ment. 

That the lights may be placed with facility and pre- 
cifion, a fine black line is drawn through the middle of 
the field, from the top to the bottom of it, and another 
(horizontal) line at right angles to it, at the height of 
the top of the cylinders. When the tops of the fha-. 
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the dows touch this laft mentioned line, the lights are at a 

proper height : and farther, when the two fhadows are 
in contact with each other in the middle of the fidd, 
the lights are then in their proper directions. 

We have faid that the cylinders, by which the fha- 
dows are projected, are placed perpendicularly in the 
bottom of the box ; but as the diameters of the fhadows 
of thefe cylinders vary in fome degree, in proportion as 
the lights are broader or narrower, and as they arc 
brought nearer to or removed farther from the photo- 
meter, in order to be able in all cafes to bring thefe fha- 
dows to be of the fame diameter, which is very advan- 
tageous, in order to judge with greater facility and cer- 
tainty when they are of the fame denfity, the Count 
renders the cylinders moveable about their axes, and 
adds to each a vertical wing 4^ of an inch wide, ^ of 
an inch thick, and of equal height with the cylinder 
itfelf, and firmly fixed to it from the top to the bot- 
tom. This wing commonly lies in the middle of the 
fhadow of the cylinder, and as long as it remains in that 
fituation it has no effeCl whatever ; but when it is ne- 
ceftary that the diameter of one of the fhadows be in- 
creafed, the correfponding cylinder is moved about its 
axis, till the wing juft defcribed, emerging out of the 
fhadow, and intercepting a portion of light, brings the 
fhadow projected upon the field of the inftrument to 
be of the width or diameter required. In this opera- 
tion it is always necefiary to turn the cylinder outwards, 
or in fuch a manner that the augmentation of the 
width of the fhadow may take place on that fide of it 
which is oppofite to the fhadow correfponding to the 
other light. The neceflity for that precaution will ap- 
pear evident to any one who has a juft idea of the in- 
ftrument in queftion, and of the manner of making ufe 
of it. They are turned likewife wi bout opening the 
box, by taking hold of the ends of their axes, which 
projcCf below its bottom. 

As it is abfolutely neceflary that the cylinders fhould 
conftantly remain precifely perpendicular to the bottom 
of the box, or parallel to each other, it will be bed to 
confti tuft them of brafs ; and, inftead of fixing them im- 
mediately to the bottom of the box (which, being of 
wood, may warp), to fix them to a ftrong thick piece 
of well-hammered plate brafs ; which plate of brafs may 
be afterwards faftened to the bottom of the box by 
means of one ftrong fcrew. In this manner two of the 
Count’s befl inftruments are conftru&ed ; and, in order 
to feeure the cylinders ftill more firmly in their vertical 
pofitions, they are furnifhed with broad flat rings, or 
projections, where they reft upon the brafs plate ; which 
rings are Tzy of an inch thick, and equal in diameter to 
the projection of the wing of the cylinder, to the bot- 
tom of which they afford a firm fupport. Thefe cy- 
linders are likewife forcibly pu/hed, or rather pulled, 
againft the bvafs plate upon which they reft, by means 
of compreffed fpiral fprings placed between the under 
fide of that plate and the lower ends of the cylinders. 
Of whatever material the cylinders be conftruCted, and 
whatever be their forms or dimenfions, it is abfolutely 
neceffary that they, as well as every other part of the 
photometer, except the field, fhould be well painted of 
a deep black dead colour. 

In order to move the lights to and from the photo- 
meter with greater eafe and precilion, the obferver 
ftiould provide two long and narrow, but very ftrong 
and fteady, tables; in the middle of each of which 

there 
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Pfcotome- there is a ftraight groove, in which a Hiding carriage, 

ter‘ upon which the light is placed, is drawn along by 
means of a cord which is faftened to it before and be- 
hind, and which, pafling over pulleys at each end of 
the table, goes round a cylinder; which cylinder is fur- 
iiidied with a winch, and is fo placed, near the end of 
the table adjoining the photometer, that the obferver 
can turn it about, without taking his eye from the field 
of the inftrument. 

Many advantages are derived from this arrangement: 
Pirft, the obferver can move the lights as he finds ne- 
celfary, without the help of an afliltant, and even with- 
out removing his eye from the ihadows ; fecondly, each 
light is always precifely in the line of dire&ion in which 
it ought to be, in order that the Ihadows may be in 
coutaft in the middle of the vertical plane of the pho- 
tometer; and, thirdly, the Hiding motion of the lights 
being perfectly foft and gentle, that motion produces 
little or no effedl upon the lights themfelves, either to 
increafe or diminifh their brilliancy. 

Thefe tables mull be placed at an angle of 60 de- 
grees from each other, and in fuch a fituation, with re- 
fpeftto the photometer, that lines drawn through their 
middles, in the dire&ion of their lengths, meet in a 
point exa&ly under the middle of the vertical plane or 
field of the photometer, and from that point the diftan- 
ces of the lights are meafured ; the fides of the tables 
being divided into Englilh inches, and a vernier, Ihew- 
ing tenths of inches, being fixed to each of the Hiding 
carriages upon which the lights are placed, and which 
are fo contrived that they may be raifed or lowered at 
pleafure ; fo that the lights may be always in a hori- 
zontal line with the tops of the cylinders of the photo- 
meter. 

In order that the two long and narrow tables or plat- 
forms, juft defcribed, may remain immoveable in their 
proper pofitions, they are both firmly fixed to the Hand 
which fupports the photometer; and in order that the 
motion of the carriages which carry the lights may be 
as foft and gentle as poflible, they are made to Hide 
upon parallel brafs wires, 9 inches afunder, about Vg- of 
an inch in diameter, and well polifhed, which are ftretch- 
ed out upon the tables from one end to the other. 

The ftrufture of the apparatus will be clearly under- 
ftood by a bare infpedion of Plate XLI. where fig. j. 
is a plan of the infide of the box, and the adjoining 
parts of the photometer. Fig. 2. Plan of the two 
tables belonging to the photometer. Fig. 3. The box 
of the photometer on its Hand. Fig. 4. Elevation of 
the photometer, with one of the tables and carriages. 

Having fufficiently explained all the eftential parts 
of this photometer, it remains for us to give fome ac- 
count of the precautions neceflary to be obferved in 
ufing it. And, firft, with refped to the diftance at 
which lights, whofe intenfities are to be compared, 
fhould be placed from the field of the inftrument, the 
ingenious and accurate inventor found, that when the 
weakeft of the lights in queftion is about as ftrong as a 
common wax-candle, that light may moft advantageoufty 
be placed from 30 to 36 inches from the centre of the 
field ; and when it is weaker or ftronger, proportionally 
nearer or farther off. When the lights are too near, 
the fhadows will not be well defined ; and when they 
are too far off, they will be too weak. 

It will greatly facilitate the calculations neceflary in 
drawing conclufions from experiments of this kind, if 
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fome fteady light, of a proper degree of ftrength for Ph.fome, 
that purpofe, be aflumed as a ftandard by which all ,er- 
others may be compared. Our author found a good  
Argand’s lamp much preferable for this purpofe to any 
other lamp or candle whatever. As it appears, he 
lays, from a number of experiments, that the quantity 
o light emitted by a lamp, which burns in the fame 
manner with a clear flame, and wti/jout fmoke, is in all 
cales as the quantity of oil confumed, there is much 
icalon to fuppofc, that, if the Argand’s lamp be fo ad- 
jufted as always to confume a given quantity of oil in a 
given time, it may then be depended on as a juft ftand- 
ard of light. 

In order to abridge the calculations neceflary in thefe 
inquiries, it will always be advantageous to place the 
ftandard-lamp at the diftance of 100 inches from the 
photometer, and to aflume the intenlity of its light at 
its fource equal to unity; in this cafe (calling this ftand- 
ard light A, the intenfity of the light at its fource 
— * = I« a,ld diftanee of the lamp from the field 
of the photometer = « - 100), the intenfity of the 

illumination at the field of the photometer ( ~ —) f See 

.Lamp, p. 67. of this volume) will be expreflfed by the 
fraction = Tests'» and the relative intenfity of 
any other light which is compared with it, may be 
found by the following proportion : Calling this light 
B, putting y — its intenfity at its fource, and n = its 
diftance from the field of the photometer, expreffed in 

Englifh inches, as it is — —5, as was ftiewn in the 

inftead df —, writing it» article Lamp referred to ; or, 

value = it will be ^ and confequent- 

ly y 13 t0 I as n* is to 10000 ; or the intenfity of the 
light B at its fource, is to the intenfity of the ftandard 
light A at its fource, as the fquare of the diftance of 
the light B from the middle of the field of the inftru- 
ment, exprefled in inches, is to loooo ; and hence it is 

y = 
Or, 

IOCOO- 
if the light of the fun, or that of the moon, he 

compaied with the light of a given lamp or candle C, 
the refult of fuch comparifon may belt be exprefled in 
words, by faying, that the light of the celeftial luminary 
in queft ion, at the futface of the earth, or, which is the 
fame thing, at the field of the photometer, is equal to 
the light of the given lamp or candle, at the di/lance 

found by the experiment; or, putting a -• the intenfity 
of the light of this lamp C at its fource, and p — its 
diftance, in inches, from the field, when the fliadows 
correfponding to this light, and that correfponding to 
the celeftial.luminary in queftion, are found to he of 
equal denfities, and putting 2 = the intenfity of the 
rays of the luminary at the furface of the earth, the re- 

fult of the experiment may be exprefled thus, 2 — 
p1 

or the real value of a being determined by a particular 
experiment, made exprefsly for that purpofc with the 
ftandard-lamp, that value may be written inftead of it. 
When the ftandard-lamp itfelf is made ufe of, inftead* 
of the lamp C, then the value of A will be 1. 

The Count’s firft attempts with his photometer were 
to determine bow far it might be poflible to afeertain. 

Z z ; by 
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photome- by dlre£l experiments, the certainty of the afiumed law 
ter< of the diminution of the intenfity of the light emitted 

by luminous bodies ; namely, that the intenhty of the 
baht is everywhere as the fquares of the diftances from 
the luminous body inverfely. As it is obvious that this 
law can hold good only when the light is propagated 
through perfedlly transparent fpaces, lo that its inten- 
fitv is weakened merely by the divergency of its rays, 
he inftituted a fet of experiments to afcertain the tranf- 
parency of the air and other mediums. 

With this view, two equal wax candles, well trim- 
med, and which were found, by a previous experiment, 
to burn with exaftly the fame degree of bnghtnels, 
were placed together^ on one fide, before the photome- 
ter, and their united light was counterbalanced by the 
light of an Argand’s lamp, well trimmed, and burning 
very equally, placed on the other fide over againft them. 
The lamp was placed at the diftance of too inches from 
the field of' the photometer, and it was found that the 
two burning candles (which were placed as near toge- 
ther as poffible, without their flames affe&ing each 
other by the currents of air they produced) were jufi: 
able to counterbalance the light of the lamp at the 
field of the photometer, when they were placed at the 
diftance of 60,8 inches from that field. One of the 
candles being now taken away and extinguifhed, the 
other was brought nearer to the field of the inftru- 
ment, till its light was found to be juft able, fingly, to 
counterbalance the light of the lamp ; and this was 
found to happen when it had arrived at the diftance of 
43,4 inches. In this experiment, as the candles burnt 
with equal brightnefs, it is evident that the intenfities 
of their unitedi and fingle lights were as 2 to 1, and in 
that proportion ought, according to the aflumed theo- 
ry, the fquares of the diftances, 6c,8 and 43,4 to be; 
and, in faft, 6o> = 3696>64 is t0 43>42 = 1883,56 
as 2 is to 1 very nearly. 

Again, in another experiment, the diftances weie, 
With two candles =1 54 inches. Square =3916 
With one candle rr 38,6 _ - = 1489,96 

Upon another trial, 
With two candles = 54,6 inches. Square = 2981,16 
With one candle = 39,7 - - = 1576,09 

And, in the fourth experiment, 
With two candles = 58,4 inches. Square =r 3410,56 
With one candle = 42,2 —- 1780,84 

And, taking the mean of the refults of thefe four 
experiments, 

Squa'e* of the Dittances 
With two Candles. With one Candle. 

N0 I. 3696,64 — 1883,56 
N° 2. 2916 — 1489,96 

In the Experiment 

N° 3. 2981,16 — 1576,09 
N0 4. 3410,56 — 1780,84 

4) 13004,36 4) 6730,45 

Means 3251,09 and 1682,61 
which again are very nearly as 2 to 1. ^ 

With regard to thefe experiments, it may be ob- 
ferved, that were the reftftance of the air to light, or 

diminution of the light from the imperfect tranf- 
parency of air, fenfible within the limits of the incon- 
fiderable diftances at which the candles were placed 
from the photometer, in that cafe the diftance of the 
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two equal lights united ought to be, to the diftance of Photom* 
one of them fingle in a ratio lefs than that of the fquare ter- J 
root of 2 to the fquare root of 1. For if the intenfity 
of a light emitted by a luminous body, in a/pace void 
of all rejijiance, be diminifhed in the proportion of the 
fquares of the diftances, it muft of neceffity he dimi- 
nifhed in a ftill higher ratio when the light paftes thro’ 
a refilling medium, or one which is not perfectly tranf- 
parent ; and from the difference of thofe ratios, name- 
ly, that of the fquares of the diftances, and that other 
higher ratio found by the experiment, the refiftance of 
the medium might be afeertained. This he took much 
pains to do with refpeft to air, but did not fucceed ; 
the tranfparency of air being fo great, that the dimi- 
nution which light fuffers in palling through a few 
inches, or even through feveral feet ot it, is not fen- 
fible. , , v 

Having found, upon repeated trials, that the light 
of a lamp, properly trimmed, is incomparably more equal 
than that of a candle, whofe wick, continually growing 
longer, renders its light extremely flu&uatmg, he fub- 
ftituted lamps to candles in thefe experiments, and 
made fuch other variations in the manner of condu&ing^ 
them as he thought bid fair to lead to a difeovery of 
the refiftance of the air to light, were it poffible to ren- 
der that reftftance fenfible within the confined limits of 
his machinery. But the refults of them, fo far from af- 
fording means for afeertaining the refiftance of the air 
to light, do not even indicate any refiftance at all ; on 
the contrary, it might almoft be inferred, from fome of 
them, that the intenfity of the light emitted by a lu- 
minous body in air is diminifhed in a ratio lefs than that 
of the fquares of the diftances ; but as fuch a conclu- 
fion would involve an evident abfurdity, namely, that 
light moving in air, its abfolute quantity, inftead of be- 
ing diminifhed, aftually goes on to increafe, that con- 
clufion can by no means be admitted. 

Why not ? Theories muft give place to fa£ls; and 
if tin's fa& can be fairly afeertained, inftead of rejeaing 
the conclufion, we ought certainly to reftify our po- 
tions of light, the nature of which we believe no man 
fully comprehends. Who can take it upon him to 
fay, that the fubflance of light is not latent in the at- 
mofphere, as heat or caloric is now acknowledged to be 
latent, and that the agency of the former is not called 
forth by the paffage of a ray through a portion ot air, 
as the agency of the latter is known to be excited by 
the combination of oxygen with any combuftible fub- 
ftance ? See Chemistry, n° 293, Suppl. 

The ingenious author’s experiments all confpired to- 

(hew that the refiftance of the air to light is too incon- 
fiderable to be perceptible, and that the affumed law of 
the diminution of the intenfity of light may be depend- 
ed upon with fafety. He admits, however, that means 
may be found for rendering the air’s refiftance to light 
apparent ; and he feems to have thought of the very 
means which occurred for this purpoie to M. de Sauf- 
fure. . , 

That eminent philofopher, wifhing to afcertain the 
tranfparency of the atmofphere, by meafuring the di- 
ftances at which determined ohjefts ceafe to be viiible, 
perceived at once that his end would be attained, ii he 
fliould find objefts of which the difappearanee might 
be accurately determined. Accordingly, after many 
trials, he found that the moment of difappearance can 
be obferved with much greater accuracy when a black object 
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hotome- o!)]eft is placed on a white ground, than when a white 

ter• objeft is placed on a black ground ; that the accuracy 
~ was ftill greater when the obfervation was made in the 

fun than in the {hade ; and that even a {till greater de- 
gree of accuracy was obtained, when the white fpace 
furrounding a black circle, was itfelf furrounded by a 
circle or ground of a dark colour. This laft circum- 
llance was particularly remarkable, and an obfervation 
quite new. 

If a circle totally black, of about two lines in dia- 
meter, be fallened on the middle of a large fheet of pa- 
per or palteboard, and if this paper or pafteboard be 
placed in fuch a manner as to be expofed fully to the 
light of the fun, if you then approach it at the diftance 
of three or four feet, and afterwards gradually recede 
from it, keeping your eye conftantly directed towards 
the black circle, it will appear always to decreafe in 
fi/.e the farther you retire from it, and at the diitance 
of 33 or 34 feet will have the appearance of a point. 
If you continue ftill to recede, you will fee it again en- 
large itfelf; and it will feem to form a kind of cloud, 
the darknefs of which decreafes more and more accord- 
ing as the circumference becomes enlarged. The cloud 
will appear ftill to increafe in fize the farther you re- 
move from it ; but at length it will totally disappear. 
The moment of the difappearance, however, cannot be 
accurately afcertained ; and the more experiments were 
repeated the more were the refults different. 

M. de Sauffure, having reflected for a long time on 
the means of remedying this inconveniency, faw clear- 
ly, thart, as long as this cloud took place, no accuracy 
could be obtained; and he difcovered that it appeared 
in confequence of the contrail formed by the white 
parts which were at the greateft diftance from the black 
circle. He thence concluded, that if the ground was 
left white near this circle, and the parts of the pafte- 
board at the greateft diftance from it were covered with 
a dark colour, the cloud would no longer be vifible, or 
at leaft almoft totally difappear. 

This conje&ure was confirmed by experiment. M. de 
Sauffure left a white fpace around the black circle equal 
in breadth to its diameter, by placing a circle of black 
paper a line in diameter on the middle of a white circle 
three lines in diameter, fo that the black circle was on- 
ly furrounded by a white ring a line in breadth. The 
whole was pafted upon a green ground. A green co- 
lour was chofen, becaufe it was dark enoqgh to make 
the cloud difappear, and the eafieft to be procured. 

The black circle, furrounded in this manner with 
white on a green ground, diiappeared at a much lefs 
diftance than when it was on a white ground of a large 
lize. 

If a perfedlly black circle, a line in diameter, be 
pafted on the middle of a white ground expofed to the 
open light, it may be obferved at the diftance of from 
44 to 45 feet ; but if this circle be furrounded by a 
white ring a line in breadth, while the reft of the 
ground is green, all fight of it is loft at the diftance of 
only 15^ feet. 

According to thefe principles, M. de Sauffure deli- 
neated feveral black circles, the diameters of which in- 
creafed in 3 geometrical progreffion, the exponent of 
which was His fmalleft circle was j- or o*2 of a 
line in diameter; the fecond o'3; the third o*4<; ; and 
fo on to the fixteenth, which was 87#527, or about 7 
inches 34- lines. Each of thefe circles was furrounded 
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by a white ring, the breadth of which was equal to the Phoiome- 
diameter of the circle, and the whole was pafted on , ''' ’, 
a green ground. 

M. de Sauffure, for his experiments, fele<5ted a ftraight 
road or plain of about 1200 or 1500 feet in circumfe- 
rence, which towards the north was bounded by trees 
or an afcent. Thofe who repeat them, however, mult 
pay attention to the following remarks: When a perfon 
retires backwards, keeping his eye conftantly fixed on 
the pafteboard, the eye becomes fatigued, and foou* 
ceafes to perceive the circle ; as foon therefore as it 
ceafes to be diftinguifhable, you muft fuffer your eyes 
to reft; not, however, by {hutting them, for they 
would when again opened be dazzled by the light, but 
by turning them gradually to tome lefs illuminated ob- 
ject in the horizon. When you have done this for about 
half a minute, and again directed your eyes to the 
pafteboard, the circle will be again vifible, and you 
muft continue to recede till it difappear once more. You 
muft then let your eyes reft a fecond time in order to 
look at the circle again, and continue in this manner till 
the circle becomes a<ftually invilible. 

If you wifh to find an accurate expreflion for the 
want of tranfparency, you muft employ a number of 
circles, the diameters of which increafe according to a 
certain progreflion ; and a comparifon of the diftances 
at which they difappear will give the law according to 
which the tranfparency of the atmofphere decreafes at 
different diftances. If you wifit to compare the tranf- 
parency of the atmofphere on two days, or in two dif- 
ferent places, two circles will be fufficient for the expe- 
riment. 

According to thefe principles, M. de Sauffure caufed 
to be prepared a piece of white linen cloth eight feet 
fquare. In the middle of this fquafe he fewed 3 per- 
fe& circle, two feet in diameter, of beautiful black 
wool ; around this circle he left a white ring two feet 
in breadth, and the reft of the fquare was covered with 
pale green. In the like manner, and of the fame ma- 
terials, he prepared another fquare ; which was, how- 
ever, equal to only -rV of the fize of the former, fo that 
each fide of it was 8 inches ; the black circle in the 
middle was two inches in diameter, and the white fpace 
around the circle was two inches alfo. 

If two fquares of this kind be fufpended vertically 
and parallel to each other, fo that they may be both il- 
luminated in an equal degree by the fun ; and if the at- 
mofphere, at the moment when the experiment is made, 
be perfectly tranfparent, the circle of the large fquare, 
which is twelve times the fize of the other, muft be 
feen at twelve times the diftance. In M. de Sauffure’s 
experiments the fmall circle difappeared at the diftance 
of 314 feet, and the large one at the diftance of 3588 
feet, whereas it ftiould have difappeared at the diftance 
of 3768. The atmofphere, therefore, was not perfect- 
ly tranfparent. This arofe from the thin vapours which 
at that time were floating in it. M. de Sauffure, as we 
have obferved, calls his inftrument a diaphanometer; but 
as it anfwers one of the purpofes of a photometer, we 
trull our readers will not confider this account of it as 
a digreifton. 

To return to Count Rumford. From a number of 
experiments made with his photometer, he found that, 
by palling through a pane of fine, clear, well poliftied 
glafs, fuch as is commonly made ufe of in the conltruc- 
tion of looking-glaffes, light lofes ,1973 of its whole 

Z z 2 quantity, 
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Phyfiog- quantity, /. e. of the quantity which impinged on the 

. nomy- glafs; that when light is made to pafs through two 
v " panes of fuch glafs Handing parallel, but not touching 

each other, the lofs is ,3*84 of the whole ; and that in 
palling through a very thin, clear, colourlefs pane of 
window-glafs, the lofs is only ,1263. Hence he infers 
that this apparatus might be very ufefully employed by 
the optician, to determine the degree of tranfparency 
of glafs, and direft his choice in the provifion of that 
important article of his trade. The lofs of light when 
refle&ed from the very bell plain glafs mirror, the au- 
thor afcertained, by live experiments, to be -Jd of the 
whole which fell upon the mirror. 

PHYSIOGNOMY is a fcience, if it be entitled to 
that name, on which we may be thought to have laid 
enough in the Encyclopedia. Since that period we have 
been favoured with a Ihort view of a new fyftem by Dr 
Gall of Vienna, who calls it the Craniognomic fyflem, 
becaufe he infers the powers and difpofitions of the mind 
from the exterior form of the cranium. 

Having obferved that the brain is the material organ 
of the action of the mind, and that it increafes in direct 
proportion to the faculties of animals, he endeavours to 
prove that the faculties are diflinB and independent on 
each other ; that each has its proper material organ ; 
and that the expanlion of the organ is in proportion to 
the llrength of the faculty. This, which is the foun- 
dation of his fyftem, looks very like materialifm ; and 
affords one of many proofs that might be brought of the 
readinefsof the German philofophers to teach fciences 
which they have never learned. Let us attend, however, 
to the reasoning by which he endeavours to fupport this 
foundation. 

“ The internal faculties do not always exift in the 
fame proportion to each other. There are fome men 
who have a great deal of genius without having a me- 
mory, who have courage without circumfpe&ion, and 
who polfefs a metaphylical fpirit without being good 
obfervers. Befides, the phenomena of dreaming, of 
fomnambulifm, of delirium, &c. prove to us that the 
internal faculties do not always aft together; that 
there is often a very great aftivity of one, while the 
reft are not fenlible. Thus in old age, and fometimes 
in difcafe (fuch, for example, as madnefs), feveral fa- 
culties are loft, while others fubfift ; befides a continued 
employment of the fame faculty fenfibly diminilhes its 
energy : if we employ another, we find it has all the 
force of which it is fufceptible : and if we return to the 
former faculty, it is obferved that it has refumed its 
ufual vigour. It is thus that, when fatigued with read- 
ing an abftrafl philofophical work, we proceed with 
pleafure to a poetical one, and then refume with the 
fame attention our former occupation. All thefe phe- 
nomena prove, continues our author, that the faculties 
are diftincl and independent on each other ; and we are 
inclined to believe that the cafe is the fame with their 

^Phil.Mag'material organs*.” 
vol. xiv. Have Dr Gall and his friend Dr Bojanus, the au- 
p, 77,&c. thor of this view, never paid attention to their own 

confci'oufnefs ? or do they fuppofe that the teftimony 
of confcioufnefs is not to be regarded ? To us nothing 
can be more evident than that the fame individual be- 
ing fees, and hears, and reafons, and remembers, and 
conceives, fometimes foher truths, and fometimes para- 
doxical abfurdities. If they think otherwife, it would 

be extremely kind in them to explain the procefs by Phyfiog 
which the thirty-two dijiincl and independent faculties,, ncmy« 
which operate in the cranium of Dr Gall, came to 
unite in the compolition of this fyftem of fcience ; to 
compare their different operations together ; or indeed 
to know, each, that his one and-thirty brothers have 
any exiftence ! To us, fuch a union in fyftem-building, 
among diftindl and independent beings, in the fame cra- 
nium, appears juft as impoflible as a mutual confciouf- 
nefs among fo many men, diftant, each from the others, 
a thoufand miles ; and it would be as eafy to perfuade 
us that Dr Gall is privy to the thoughts of the Empe- 
ror of China, as that a colledtion of independent facul- 
ties, redding in his {kull, know what each other is do- 
ing. 

If we examine the reafoning upon which this abfurd 
theory is built, nothing will appear kfs conclufive. 
Granting that there may be a great deal of genius 
without memory, that there may be courage without cir- 
cumfpeHion; ametaphyiicalfpirit without a talentfor ob- 
fervation; and that, in old age and madnefs, feveral facul- 
ties may feem to be loft, while others remain in full vigour 
—may not all this refult from the perfection or imper- 
fection of the material organs in the brain ? If one por- 
tion of the brain be the organ of genius, and another 
the organ of memory, and if the former of thefe organs 
be in a Hate of high perfection when compared with the 
other—it is obvious that the man, whofe brain is fo 
conftituted, mult appear to poffeis a great deal of ge- 
nius with little memory, though his efforts of genius 
and memory be the efforts of one individual being.' A 
man with his left hand, aided by a lever in the propor- 
tion of three to one, will raife a much greater weight 
than he could raife with his right hand, aided by a le- 
ver equally divided ; but it would be very ridiculous, 
from this faCt, to infer, that the mufcular ftrength of 
his left arm is greater than that of his right. 

His next principle is, that “ the expanfion of the or- 
gans contained in the cranium is in the dire3 ratio of the, 
force of their correfponding faculties. This principle (he 
fays), dictated by analogy, refts on this axiom, that 
throughout all nature the faculties are always found to 
be proportioned to their relative organs.” This feems 
to be reafoning in a circle ; and it takes for granted 
what we have proved to be falfe. The mind does not 
confift of fo many diftinCt and independent faculties ; 
and it it did, the afl'ertion which is here Ityled an axiom 
would autliorife us only to infer the ftrength of the fa- 
culty from the fize of the organ, and by no means the 
lize of the organ from the ftrength of the faculty. 

But how does our author know, that throughout all 
nature the faculties are always found to be proportion- 
ed to their organs ? Why, he dots not know it; for he 
admits, that “ exercife has a great influence on the 
torce of the faculties ; and that an organ moderately 
expanded, but often exercifed, can give a faculty fupe- 
rior to that which accompanies a very extenfive organ 
never put in aCtion.” If this be true, there feems to 
be an end of the fyftem ; for its objeCt is to afeertain, 
from the external appearance of the cranium, the inter- 
nal powers and difpofitions of the mind. Now, the ex- 
ternal appearance or conformation of the cranium de- 
pends on that of the brain. Obfervation (fays the 
author of the View) has proved to Dr Gall, that we 
cannot judge of the ftrength of the faculties, but by 
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■piano the developernent of the feparate organs 'which form di- 
Forte. Jlincl eminences in the cranium ; and that a cranium per- 

fedtly round, of whatever fize it may be, is never a 
proof of many or of great faculties.” But if it be true 
that an organ moderately expanded, but often exercifed, 
indicates a faculty fuperior to that which accompanies 
a very extenfive organ never put in action, it follows 
incontrovertibly, that no man, however well acquaint- 
ed with the organic ilrmSture of the brain, can infer 
with certainty, from the eminences of the cranium, 
what faculties or difpofitions predominate in ’the mind. 
Nay it follows, that a cranium perfectly round (if there 
be inch a cranium) may contain many and great facul- 
ties ; for if the moderately expanded organs be moll 
txerciied, their faculties will acquire ftrength, wdnle 
the preiTure on the fkull is equally balanced on all fides. 

PIANO forte, othervvife called Porte Piano, a 
well known mulical inftrument, of which we need make 
no apology for coniidering the peculiarities with feme 

* attention. If we look on mufic from no higher point 
of viewr than as the laborum duke lenimen, the innocent, 
the foothing, the cheering fweeteuer of toil, we muft ac- 
knowledge that it is far from being the meanefl of thoie 
enjoyments with which the Bountiful Father of Men 
has embellifhed this feene of our exillence. But there 
is a fcience in mufic, independent of that artificial half 
mathematical dodlrine which we have contrived to unite 
with it, and which really enables us to improve pure 
mufical pleafure. Hence in the Engliih univerfities 
degrees are conferred in mufic. 

The voice is the original mufical inftrument, and all 
others are but imitations. The voice of man obeys the 
impulfe of the heart with wonderful promptitude, and 
Hill more wonderful accuracy. A very coarfe ear is 
hurt by an error in its tone, amounting to what is called 
a comma. A very limited voice can execute melodies ex- 
tending to 12 notes, or an odlave and a fifth. The mo- 
tion of the glottis between thefe extremes does not 
amount to Vith cf an inch. This muft therefore be di- 
vided, by the moft ordinary' finger, into more than a 
thoufand parts ; and this muft be done in an inftant, 
and repeated with rapidity, without ever miftaking one 
of thefe divifions ; and this is done everywhere, and 
without any feeming effort or thought. The mecha- 
nifm of the human organ for effefting this with eale 
and precifion is very remarkable, and feems to prove 
that the Autho* of our being meant to give us this 
pleafure. 

When, in the cultivation of this fruit of our own 
foil, the moderns difeovered the beauties of harmony or 
confonance, and inftruments of fixed founds were em- 
ployed, by means of which thefe beauties could be ex- 
hibited in their utmoft richnefs and variety ; and parti 
cularly when the organ, that “ magic world of found,” 
was invented, the immenfe advantages of the ingenious 
fpeculations of the ancient Greeks about the divifion 
of the monochord were now perceived, and mufic be- 
came a deep intelledlual ftudy. It fell into the hands of 
men of letters, and, for a long while, counterpoint oc- 
cupied all their attention. Inftruments of fixed founds 
were now made, not only with pipes, but with firings, 
bells, rings, and every thing that could make a noife in 
tune. 

But all thefe inftruments were far inferior to the 
voice, the fpontaneous gift' of Nature, in prompti- 
tude, and in the power of obeying every call of fenti- 

ment, every degree, as well as every kind of emotion, Piano 
with which the heart was agitated. The pleafures of 
harmony, though great, were monotonous, and could 
not exprefs the momentary variationsof fentiment, which 
are as fleeting as the light and ftiade of a profpedl jvhile 
the dappled clouds fail acrofs the fley. The violin, and 
a fmall number of the Ample wind inftruments, were 
found to be the only «nes which could fully expiefs 
thofe momentary gradations of fentiment that give mu- 
fic its pathos, and enable it to thrill the very foul. 

Attempts were made to remove this defedft of the 
harmonic inftruments, and the swell was added to the 
organ. The effedl was great, and encouraged the ar- 
tifts to attempt fimilar improvements on other inftru- 
ments of the fame kind. This was firft done in the 
fame way as in the organ. The harpiichord was fhut 
up, like the fwell organ, and was opened by mpans of 
pedals when the performer wiflied to enforce the found. 
But the effeft was far inferior to that of the fwell or- 
gan ; for this was (at leaft in all great organs) a real 
addition of another properly feleCttd found. But the 
effeift of the pedal on the harpfieherd could not be mi- 
ftaken ; it was juft like opening the door of a room 
where mafic was performing. Other methods were 
tried with better effedt. Unifons were added to each 
note, which were brought on either by means of pe- 
dals or by another fet of keys. 

This method fucceeded perfedlly well, and the power 
of the harpfichord was greatly improved. But itill it 
was imperfedl, becaufe it was only the more coniiderable 
changes of force which could be exhibited, and this 
only in one or two degrees. Other artifts, therefore, 
attempted to conftrudl the inftrument, fo that the jacks 
(the moveable upright pieces which carry the quills) 
can be made to approach nearer to the wires, fo that 
the quills (hall give them a llronger twang. The me- 
chanifm was fuch, that a very confiderable motion of 
the pedal produced but a moft minute motion of the 
quill ; fo that the performer was not reftridled to the 
utmoft precifion in the degree of preffure. Some of 
thofe inftruments, when frefh from the hand of the ar- 
till, gave full latisfadlion. But, though made in the 
moft accurate manner, at an enormous expence, they 
very icon become unfit for the purpofe. The hundredth 
part of an inch, more or lefs, in the place of the quill, 
will make a great odds in the force of the found. Nor 
does the fame change of diftance produce an equal al- 
teration of found on different quills. Other inftrument' 
makers have therefore tried baked or prepared leather, 
(buffalo hide) in place of quills ; and it is found much 
more uniform, in the tone which it produces, and alfo 
remains longer in the lame Hate ; but the tone is not fo 
powerful, nor in general fo much reliflied. 

But all thefe contrivances, both in the organ and 
harpfichord, were ftill very deficient. Whatever change 
they could produce in the ftrength of the found, was 
produced through the whole inftrqment, or at leaft 
through two or three oftaves. But the captivating ex- 
prefiionof mufic frequently refults from the momentary 
fwelling or foftening of a fingle phrafe, or a Angle note, 
in one of the parts. Hence arife the unrivalled powers 
of the harp, and the acknowledged fuperiority of the 
theorbo,, the lute, and even the guithr, over all keyed 
inftruments, notwithftanding their great limitations in 
harmony and in pra&icable melodies. Thefe inftru- 
ments fpeak, while the harpfichord only plays. 

Many 
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Many attempts have been made to enable the per- 

former to produce, by the intervention of the key, all 
the gradations of flrength, and even the varieties of 
found, which the finger can bring forth by the different 
manner of pinching, brufhing, or, as it were, careffing 
the firing; but we have no diflindl account of any at- 
tempt that has fucceeded. Such a thing would quick- 
ly fpread over Europe. The compiler of the article 
Euthier, in the Encyclopedic Methodique, fays a great 
deal about a harpfichord fitted with prepared buffalo lea- 
ther inilead of crow quills ; and afferts exprefsly, that, 
by the mere preffure on the key, without the affiflance 
of pedals or flops of any kind, the leather is made to 
act with greater or lefs force on the firing. But he 
gives no account by which we can comprehend how 
this is brought about; and indeed he writes in terms 
which fhew plainly that he has not feen the inflrument, 
and is merely puffing fomething that he does not under- 
iland. 

The attempt has been made with more fuccefs on 
keyed inflruments, when the firings are not pinched, 
but are rubbed by a wheel or band, in the manner of the 
vielle (hurdygurdy), or flruck with a pledtrum, like the 
dulcimer. The cklestina (defcribed by Merfennus 
by the name of arc hi viola) is of this kind. A fine 
band of horfe hair or filk, filled with rofin, is extended 
under the firings, and drawn fmoothly along by a wheel. 
By a particular mechanifm of the keys, this band is 
made to prefs or rub on any firing tranfverfely, as the 

-firings of a violin are touched by the bow. The pref- 
fure on the key regulates the flrength of the tone. 
This inflrument is not without confiderable beauties, 
and will execute foft cantabile mufic in eafy modulation, 
with great expreffion and juftnefs. But the artifls have 
not yet been able to give it either clearnefs or brillian- 
cy of tone ,ner fufficient force for concert mufic, nor 
that promptitude of touch that is indifpenfibly necef- 
fary for figurative mufic or quick movements. 

The fame improvements have been made on the pul- 
fatile inftruments ; and indeed they are here the moft 
obvious and eafy. When the key is employed merely 
as the means of caufing a pledtrum to give a blow to 
the firing, the performer will hardly fail to give that 
degree of force which he feels proper for his intended 
expreffion. Accordingly, many inftruments of this kind 
have been made in Germany, where the artifts have 
long been eminent for mechanical knacks. But all their 
inflruments of the dulcimer kind are feeble and fpirit- 
lefs, and none of them have been brought into general 
ufe, if we except the clavichord. This is indeed an 
inflrument of feeble, and not the mofl pleafing found; 
but is well fitted forgiving every momentary gradation 
of ftrength by the prefl'ure of the finger. It is there- 
fore a good inftrument for forming the mufical taile by 
chamber pradtice, and was much ufed by cmnpofitors in 
their flu dies. It is alfo sn ingenious, though feeming- 
ly an obvious and fimple contrivance, and is capable of 
much more force, and even brilliancy of found, than 
has generally been given to it. 

The conftrudtion is fhortly this. The inner end of 
the key is furnifhed with an upright piece, which ter- 
minates in an edge of brafs, fomewhat like the end of 
a narrow blunt chifel, whole line of direftion is athwart 
the firings. When the key is prefied down, this edge 
ftrik £3 the ttrir ig, and forces it out of the flraight line 
in which it is ftretched between its pins. Thus the 

firing is fnaken or jogged into vibration, in the fame Piano 
manner as we obferve a tight rope fet a vibrating by a 
fudden jerk given to any part of it. The firing, thus ~'r~‘ 
agitated, gives a found, which will continue for fome 
little time if the key be held down. As the tone de- 
pends on the length oft the vibrating firing, as well as 
on its tenfion, it is of importance that the flroke be 
made on the precife point of the firing which termi- 
nates the proper length. The firing does not give the 
note correfponding to its whole length, but that which 
is produced by the part between the edge and the pin. 
And becaufe the parts of the firing on each fide of the 
edge are equally thrown into vibration, the fhorter por- 
tion of it muft be wrapped up in a lift of cloth, to pre- 
vent it from difturbing the ear by its fonorous vibra- 
tions. This, however, greatly diminifhes the fweetnefs 
of the found given by the other part. 

The clavichord gives a fretful wafpifh kind of found, 
not at all fuited to tender expreffion. If the bridge 
(for the end of the key is really a bridge during the 
found) were placed at an exadt third of the length of 
the firing, and if both parts were free, and if the ftroke 
be of a proper ftrength, the firing would found its twelfth 
with great fweetnefs, and with much more force and 
brilliancy than it does by the prefent conftrudtion, and 
the clavichord would be a charming inftrument for a 
leflbn and for private ftudy. We fay this from expe- 
rience of the power of one conftrudted under the direc- 
tion of the great mathematician Euler, who was alfo an 
excellent judge of mufic and mufical compofition. The 
tones of the upper part of that inftrument had a fort of 
pipe or vocal found, and were fuperior in clearnefs and 
fweetnefs to any ftringed inftrument we ever heard. 
But as this conftrudtion required every firing to be one 
half longer than a harpfichord wire of the fame pitch, 
and as this would have made the inftrument of a moft 
inconvenient fize, the bafles were made ihorter, by pla- 
cing the bridge at one-fixth of the length, and loading 
the fhorter portion of the firing with wire twilled round 
it. But although this was executed by a moft dexterous 
artift, the tones were far inferior to thofe of the trebles, 
and the inftrument was like the junction of a very fine 
one and a very bad one, and made but hobbling mufic. 
This wras probably owing to the impoflibility of con- 
nedting the metal wire and its covering with fufficient 
clofenefs and folidity. An upright clavichord, where 
the length would be no inconvenience, would be indeed 
a capital inftrument for mufical ftudy. It is worthy of 
remark, that Mr Euler tried other divifions of the firing 
by the bridge. When it is (truck precifely in the mid- 
dle, it Ihould found its odtave ; when it is (truck at one- 
fourth, it fhould give the double odtave, &c. But the 
maker found that thefe divifions give very indifferent, 
and even uncertain tones ; fometimes not founding at 
all, and fometimes founding beautifully. Our readers 
will find this well explained in a future article of this 
Supplement^ (Trumpet, Marine'). They may pleafe to 
refledt on the very different tone of the violin as it is 
bowed on different parts of the firing, and on the very 
different tones of the fore and back unifons, and parti- 
cularly of the Cornet Hop of the harpfichord. The 
harptichords of Rucker are noted for the grand fulnefs 
of their tone ; thofe of Haffe of Drefden for their mel- 
low1 fweetnefs, and thofe of Kirkmann of London for 
their unequalled brilliancy. Thefe makers differed 
greatly in the placing of their quills. 

But 
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But the Englifh Piano Forte, by its fuperior force 

of tone, its adequate fweetnefs, and the great variety of 
voice of which our artifts have made it fufceptible, has 
withdrawn all farther attention from the clavichord, fo 
that it is no longer probable that the learned contribu- 
tion of the great Euler to public amufement will be 
followed up. The Piano-forte correfponds to its name 
with great precifion : For, without any other attention 
or effort than what fentiment fpontaneoufly dictates, 
and what we praftife (without knowing it) on the 
harpfichord, where it is ineffectual, we make the Piano- 
forte give every gradation of ftrength to the found of 
the firing, and give it every expreffion that an inftru- 
xnent, purely pulfatile, is capable of. It is alfo fufcep- 
tible of a very confiderable variety of tone by the cloth- 
ing of the mallets, which may be acute or obtufe, hard 
or foft. And we fee, by the effedt of what are called 
the grand Piano fortes, that they are fully equal to the 
harpfichord in fulnefe or body of tone. Nothing feems 
to be wanting to it but that Hiding, or (as the French 
call it) cnrejfmg touch of the firing, by which a delicate 
finger, guided by fine tafle, caufes the harp or lute to 
melt the heart, and excite its finefl emotions. We trufl 
that the ingenuity of our BritiHi artifls will accomplifh 
even this, and make this national inflrument rival even 
the violin of Italy. 

We call it a national injlrumenty not doubting but 
that this is a recommendation to a BritiHi heart, and 
becaufe we are very well aflured that it is an Englilh 
contrivance ; the invention of a mofl excellent man and 
celebrated poet, Mr William Mafon. His CaraClacus 
and Elfrida may convince any perfon who is a judge of 
mufic, that he had a mind exquifitely fenfiblc of all its 
charms; and we cannot be furprifed that it was one of 
his chief delights. No man enjoyed the pleafures of 
mufic with more rapture; and he ufed to fay, that his 
fpeediefl recruit from the fatigue of a long walk was 
to fit down for a few minutes to the harpfichord. He 
had feen feveral of the German attempts to make keyed 
dulcimers, which were, in fome meafure, fufceptible of 
the forte and piano : But they were all on one prin- 
ciple, and required a particular touch of the finger, of 
difficult acquifition, and which fpoiled it for harplichord 
practice. We have alfo feen of thofe inflruments, 
fome of very old date, and others of modern improve- 
ment. Some had very agreeable tones ; but all were 
deficient in delicacy and juilnefs. The performer was 
by no means certain of producing the very ftrength of 
found that he intended. And, as Mr Mafon obferved, 
they all required an artificial peculiarity of fingering ; 
without which, either the intended ftrength of tone was 
not brought out, or the tone was deftroyed by repeat- 
ed rattling of the mallet on the wire. 

Mr Mafon removed all thofe imperfeftions by de- 
taching the mallet entirely from the key, and giving 
them a connexion quite momentary. The Iketch in Plate 
XL. will give the reader a clear view of Mr Mafon’s 
general principle, by which the Englifh piano forte is 
diftinguifned from all others. The parts are reprefent- 
ed in their ftate of inaftion. The key ABK turns, as 
ufual, on the round edge of the bar B, and a pin by 
driven into the bar, keeps it in its place. The dot F 
reprefents a fedion of the ftring. ED is the mallet, 
having a hinge of vellum, by which it is attached to 
the upper furface of the bar E. At the other end is 
the head D, of wood, covered with fome folds of pre- 

pared leather. The mallet lies in the pofition repre- 
fented in the figure, its lower end refting on a cuffiion- 
bar K, which lies horizontally under the whole row of 
mallets. The key ARhas a pin C, tipt with a bit of the 
fofteft cork or buckffiin. This reaches to within ^th of 
an inch of the (hank of the mallet, but muft not touch 
it. The diftance Ee is about yd or |th of the length of 
the fliank. When the end A of the key is prefled 
down on the fluffing (two or three thicknefles of the 
moft elaftic woollen lift) it raifes the mallet, by means 
of the pin C, to the horizontal pofition E r/, within 
yth or Tyth of an inch of the wire F ; but it cannot be 
fo much prefled down as to make the mallet touch the 
wire. At the fame time that the key raifes the mallet 
by means of the pin C, it alfo lifts off the damper G (a 
bit of fpunge) from the wire. This damper is fixed 
on the end of a little wooden pin Gg, conne&ed with 
the lever ^ H, which has a vellum hinge at H. This 
motion of the damper is caufed by the pin I, which is 
fixed into the key near to R. Thefe pieces are fo ad- 
jufted, that the firft touch of the key lifts the damper, 
and, immediately after, the pin C adds on the fliank of 
the mallet. As it adls fo near to its centre of motion, 
it caufes the head D to move brifldy through a confider- 
able arch D d. Being made extremely moveable, and 
very light, it is thus toffed beyond the horizontal pofi- 
tion E dy and it ftrikes the wire F, which is now at li- 
berty to vibrate up and down, by the previous removal 
of the damper G. Having made its ftroke, the mallet 
falls down again, and refts on the foft fubftance on 
the pin C. It is of effential importance that this 
mallet be extremely light. Were it heavy, it would 
have fo much force, after rebounding from the wire, 
that it would rebound again from the pin C, and again 
ftrike the wire. For it will be recolle£ted, that the key 
is, at this time, down, and the pin C raifed as high as 
poffible, fo that there is very little room for this re- 
bound. Leffening the momentum of the mallet by ma- 
king it very light, making the cufliion on the top of 
the pin C very foft, and great precifion in the fhape 
and figure of all the parts, are the only fecurities againft 
the difagreeable rattling which thefe rebounds would 
occalion. In refpedl to the folidity and precifion of 
workmanfhip, the Britifh inftruments are unrivalled, and 
vaft numbers of them are fent to all parts of the con- 
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tinent. 
As the blow of fo light a mallet cannot bring much 

found from a wire, it has always been found ncceffary 
to have two firings for each note. Another circum- 
ftance contributes to enfeeble the found. The me- 
chanifm neceffary for producing it makes it almoft im- 
poffible to give any confiderable extent to the belly or 
found board of the inflrument. There is feldom any 
more of it than what occupies the fpace between the 
tuning pins and the bridge. This is the more to be 
regretted, becaufe the baffes are commonly covered 
firings, that they may be of a moderate length. The 
bafs notes are alfo of brafs, which has a confiderably 
lower tone than , a fteel wire of the fame diameter and 
tenfion. Yet even this fubftitution for fteel in the bafs 
firings is not enough. The higheft of them are much 
too flack, and the loweft ones muft be loaded, to com- 
penfate for want of length. This greatly diminifhes 
the fulnefs, and ftill more the mellownefs and diftindl- 
nefs of the tone, and frequently makes the very loweft 
nates hardly appreciable. This inequality of tone about 
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Pigment*, the middle of the inftrument ie fomewhat diminifhed by 

^ conftrufting the inftrument with two' bridges ; one for 
the fteel, and the other for the brafs wires. But ftill 
the bafs notes are very much inferior to the treble. It 
would furely be worth while to conftrudt fome piano 
fortes, of full li/.e, with naked bafles. If thefe were 
made with all the other advantages of the grand piano 
forte, they would furpafs all other inftruments for the 
regulating power of their thorough bafs. We wilh that 
the artifts would alfo try to conftrudt them with the 
mechanifm of mallets, &c. above the found board. 
This would allow to it the full extent of the inftru- 
ment, and greatly improve the tone. It does not feem 
impofiible, nor (we think) very difficult. 

For directions how to tune this pleafing inftrument, 
fee Temperament in this Supplement. ' • 

PIGMENTS, or Paints, are furnilhed by both the 
mineral and vegetable kingdoms, The former are the 
molt durable, and are generally prepared from the 
Oxides of metals (fee Chemistry./tz^x in this Suppl. 
and CoLOUK-Making, Encycl.) ; but Fourcroy thinks 
that chemiftry furnilhes a method of fixing vegetable 
colours completely. From a number of experiments, 
which we need not detail, as they will be noticed in the 
article Fegetab/e Substances, he draws the following 
conclufions : 

I. That oxygen, when combined with vegetable fub- 
ftances, changes their colour. 

Z. T. hat difterent proportions of this principle pro- 
duce dift’erent ftiades in coloured vegetable matter. 

3. 1 hat thefe lhades pafs, by a fort of degradation, 
from the darkelt colours to the lighted ; and that the 
extreme point of the latter may be confidered as a com- 
plete deprivation of colour. 

4. That in many vegetable fubftances this degrada- 
tion does not take place, as M. Berthollet has obfer- 
ved. 

5. That many red, violet, purple, chefnut, and blue 
vegetable colours, are produced by different proportions 
of oxygen ; but that none of thefe are completely fatu- 
rated wuth this principle. 

6. 1 hat the complete faturation here fpoken of ge- 
nerally produces yellow colours, which are the leaft 
changeable of all. 

7. That vegetable fubftances coloured by oxygen, 
not only change their colour according to the propor- 
tion of oxygen they have imbibed, but that they alfo 
change their nature in the fame proportion, and ap- 
proach more to a refinous date as they become nearer 
to a yellow colour. 

Laftly, that the caufe of the changeability of the 
red, browm, and violet colours, procured from vege- 
tables, is fuch as has been dated above ; that there ex- 
ifts a method off fixing them, or rendering them perma- 
nent, by impregnating them with a certain quantity of 
oxygen, by means of the oxygenated muriatic acid ; 
imitating, by this procefs, the method purfued by na- 
ture, who never forms fixed and permanent colours, ex- 
cept in fubftances which have been long expofed to the 
open air. 

PITCH. See Encycl.—The bed black pitch is 
made of the tefufe of rofin and turpentine, fuch as will 
not pafs through the draw filter, and the cuttings a- 
round the incifion on the tree. Thefe materials are 
put- into a boiler fix or feven feet in circumference, and 
eight or ten high. Fuel is laid around the top, and the 
materials as they melt flow through a channel cut in 
the fire-place into a tub half filled with water. It is 
at that time very red, and almoft liquid. To give this 
a proper confiftence, it is put in a cauldron placed in a 
furnace, and boiled down in the fame manner as rofin, 
but it requires much lefs precaution and double the 
time. It is then poured into moulds of earth, and 
forms the beft kind of black pitch. See Rosin and 
Tukpentine in this Suppl. 

Bastard PITCH, is a mixture of colophony, black 
pitch, and tar boiled down together, and call in 
moulds. 

PLAGUE (fee Medic in E-/n^/<?:c, Encycl.), is a 
difeafe which has been lately afferted by Dr Mofeley 
to be not contagious. In fupport of this opinion, he 
quotes many paffages from medical writers, ancient and 
modern ; but he feems to place the greateft confidence 
(as is indeed natural) in his own obfervations on pefti- 
lential fevers in the Weft Indies, and on what is faid of 
the plague in Berthier’s account of Buonaparte’s expe- 
dition into Syria. 

“ At the time of our entry into Syria (fays this 
Frenchman), all the towns were infe&ed by the plague; 
a malady which ignorance and barbarity render fo fatal 
in the Eaft. Thofe who are affeefted by it give them- 
felves up for dead ; they are immediately abandoned by 
every body (a), and are left to die, when they might 
have been faved by medicine and attention. 

“ Citizen Degenettes, principal phyfician to the ar- 
my, difplayed a courage and chara&er which entitle 
him to the national gratitude. When our foldiers were 
attaked by the leaft fever, it was fuppofed that they 
had caught the plague, and thefe maladies were con- 
founded. The fever hofpitals were abandoned by the 
officers of health and their attendants. Citizen Dege- 
nettes repaired in perfon to the hofpitals, vifited all the 
patients, felt the glandular fwellings, dreffed them, de- 
clared and maintained that the diftemper was not the 
plague, but a malignant fever with glandular fwellings, 
which might eaiily be cured by attention, and keeping 
the patient’s mind eafy.” 

Degenette’s views in making this diftin&ion were 
highly commendable ; but certainly, fays Dr Mofeley, 
this fever was the plague. The phyfician, however, 
carried his courage fo far, as to make two incifions, 
and to inoculate the fuppurated matter from one of 
thefe buboes above his breaft and under his arm-pits, 
but was not affe&ed with the malady. He thus eafed 
the minds of the foldiers, the firft ftep to a cure ; and, 
by his affiduity and conftant attendance in the hofpi- 
tals, a number of men attacked with the plague were 
cured, his example was followed by other officers of 
health. 

The lives of a number of men Citizen Degenettes 

Pitch, 
Pi&guc. 

was 

(a) This can hardly be true. Every one knows that Mahometans are fatalifts in the ftrifteft fenfe of the 
word ; and Mr Browne, whofe knowledge of Syria and its inhabitants mull be at leaft equal to that of Berthier, 
affures us, that, far from abandoning his friend in the plague, “ the Moflem, awe-ftruck, and refigned to the un- 
alterable decrees of fate, hangs over the couch of his expiring relative.,, 
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Plague, vvas thus inftrumental of faving. He difmlfled thofe who 

—v—— haci been ill with the fever and buboes, without the leail 
contagion being communicated to the army. 

“ There are (fays Dr Mofeley) annual or feafonal 
diforders, more or lefs fevere, in all countries; but the 
plague, and other great depopulating epidemics, do not 
always obey the feafons of the year. Like comets, their 
courfe is eccentric. They have their revolutions ; but 
from whence they come, or whither they go after they 
have made their revolutions, no mortal can tell. 

“ To look for the caufe of an epidemic in the prefent 
ftate of the air, or weather, when it makes its appear- 
ance, is a very narrow contra&ed method of fcrutiny. 
The caufe of peftilential epidemics cannot be confined, 
and local. It mull lie in the atmofphere, which fur- 
rounds, and is in contaft with every part of us; and in 
which we areimmerfed, as bodies in fluids. 

“ Thefe difeafes not appearing in villages and thinly 
inhabited places, and generally attacking only great 
towns and cities, may be, that the atmofphere, which 
I conceive to be the univerfal propagator of peflilence, 
wants a commixture, or union, with fome compounded 
and peculiar air, fuch as is generated in populous com- 
munities, to releafe its imprifpned virulence, and give it 
force. Like the divided feminal principles of many 
plants, concealed in winds and rains until they find 
fuitable materials and foil to unite their fepamted a- 
toms, they then afi'ume vilible forms in their own pro- 
per vegetation. 

“ Difeafes originating in the atmofphere feize fome, 
and pafs by Olliers ; and aft exclufively on bodies gra- 
duated to receive their impreffions ; otherwife whole 
nations would be dellroyed. in fome conllitutions of 
the body the aecefs is eaiy, in fome difficult, and in 
others impoffible. 

“ The air of confined places may be fo vitiated as to 
be unfit for the purpofes of the healthy exiltence of any 
perfon. Hence gaol, hofpital, and fhip fevers. Tut, as 
thefe diftempers are the offspring of a local caufe, that 
local caufe, and not the diilempered people, communi- 
cate the difeafe. 

“ Plagues and peftilences, the produce of the great at- 
mofphere, are conveyed in the fame manner, by the body 
being in contaft with the caufe ; and not by its being 
in contaft with the effeft. If peftilences were propaga- 
ted by contagion, from infefted perfons, the infection 
muft iflue from their breath or excrements, or from the 
exhalations of the bodies of the difeafed. The infeftion, 
it it were not in the atmofphere, would be confined 
within very narrow limits ; have a determinate Iphere 
of action ; and none but phyficians and attendants on 
the lick would fuffer ; and thefe mult fuffer; and the 
caufe and the effects would be palpable to our fenfes. 
Upon this ground the precaution of quarantine would 
be rational. But who then would vifit and attend the 
tick, or could live in hofpitals, prifons, and lazarettos?” 

From thefe reafonings and fafts, the author is con- 
vinced, that the bubo and carbuncle, of which we hear 
fo much in Turkey, and read fo much in our own hif- 
tory of plaguys, arife from heating food and improper 
treatment ; that they contain no infeftion ; and confe- 
quently that they are not the natural depofit of the 
morbific virus feparated from the contagion. 

He is equally confident that no peftilential or pande- 
mic fever was ever imported or exported ; and hence 
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he confiders the fumigating of ftiip-lettfirs, and ftuftting Pbgns. 
up the crews and palfengers of veftels, on their arrival 
from foreign places, feveral weeks, for fear they ffiould 
give difeafes to others which they have not themfelves, 
as an ignorant barbarous cuftom. Whence was the im- 
portation of the plague at Naples in 1656 ; by which 
20,000 people died in one day ? Can any perfon, for a 
moment reflefting, believe, that the great plague of 
London in 1665, which imagination traced from the 
Levant to Holland, and from Holland to England, was 
caufed by opening a bag of cotton in the city, or in 
Long Acre ; or a package of hemp in St Giles’s pa- 
rilh ? Quarantine, always ex pen five to commerce, and 
often ruinous to individuals, is a refleftion on the good 
fenfe of countries. 

That Dr Mofeley is a man of learning, and a lively 
writer, is known to every one who has looked into his 
works, and is not bimfelfa ftranger to letters. On this 
account, and ftill more on account of the opportunities 
which he has poflt fied of making accurate obfervations 
on various kinds of peftilential difeafes, we have detailed 
at fome length his notions of the plague ; but as it does 
not appear that he ever /aw the difeafe which is known 
by the name of the plague, juftice requires that we give 
fome account of it from a man who had the bell poi- 
iible opportunities of obtaining corrtft information on 
the fubjeft. 

“ The fafts that appear to be chiefly afeertained re- 
lative to the plague (fays Mr Browne), are, 1. That 
the infeftion is not received but by aftual contaft. In 
this particular, it would feem lefs formidable than feve- 
ral other diforders. 2. That it is communicated by 
certain fubftances, by others not; as by a woollen cloth, 
or rope of hemp, but not by a piece ot ivory, wood, or 
rope made of the date tree ; nor by any thing that has 
been completely immerfed in water. It would appear 
from the report of the Kahirines *, that no animal but * The In. 
man is affefted with this diforder; though, it is faid, a

ha!litanu 

cat pa fling from an infefted houfe has carried the eon- * 
tagion. 3. That perfons have often remained together Brown upA. 
in the fame houfe, and entirely under the fame circum-fomily calls 
ftances, of whom one has been attacked and died, and the Kab:r<*. 
others never felt the fmallelt inconvenience. 4. That a 
perfon may be affefted any number of times. 5. That 
it is more fatal to the young than the old. 6. That no 
climate appears to be exempt from it; yet, 7. That the 
extremes of heat and cold both appear to be adverfe to 
it. In ConftantiiropJe it is often, but far from being al- 
ways, terminated by the cold of winter, and in Kalrira 
by the beat of fummer ; both circumftancts being, as 
may be conjectured, the effeft of indifpofition for ab- 
forption in the Ikin, unlefs it be fuppoled that in the 
latter cafe it may be attributed to the change the air 
undergoes from the increafe of the Nile. 

“ The firft fymptoms are faid to bethiril; 2. Cepha- 
lalgia ; 3. A ft iff and uneafy feufation, with rednefs 
and tumor about the eyes ; 4. Watering of the eyes ; 
3. White puftules on the tongue. The more advanced 
fymptoms of buboes, foetor of the breath, &c. &c. are 
well known ; and I have nothing authentic to add to 
them. Not uncommonly, all thefe ha\je fucceffively 
ftiewn themfelves, yet the patient has recovered; in 
which cafe, where fuppuration has had place, the Ikin 
always remains difcoloured, commonly of a purple hue. 
Many who have been bletded in an early llage of the 
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diforder, have recovered without any fatal fymptoms ; 
but whether from that or any other caufe, does not ap- 
pear certain (b). The fame operation is' reported to 
have been commonly fatal in a late ilage. . It is laid 
that embrocating the buboes continually with oil has 
fometimes wrought a cure ; but this remedy is fo diffi- 
cult and dangerous for the operator, that it would ap- 
pear experiments mult yet be Very defcaiveT 

Thev are not, perhaps, fo defedive as Mr Browne 
fuppofes. In the hofpital of St Anthony at Smyrna, 
it has been the practice for many years paft to rub over 
with warm olive oil the bodies of perfons infeaed by 
the plague ; and that praaice has been attended with 
wonderful fuccefs. It was firft fuggetled by Mr Bald- 
win the Englifh conful ; and from him adopted by P. 
Luigi ill Pavia, who for upwards of 27 years has expo- 
fed‘bimfelf to infeaion by his unremitting attendance 
on thofe who are labouring under this dreadful diftreis. 
This excellent man, whole philanthropy equals t/iat 
even of “ Marfcilles’ good hilhop,” declares, that du- 
ring the long period mentioned, he has found no reme- 
dy comparable to that of rubbing olive oil, with the 
llrongelt friaion, into the whole body of the infedted 
perfon. When the body is thus rubbed, the pores be- 
ing opened, imbibe the oil, and a profufe perforation 
takes place, by which the poifonous infeaion is again 
thrown out. I'his operation muft be periormed the 
hrft day of the infection ; and if only a weak perfpira- 
tion enfues, it mull be repeated till it is obferved that 
every particle of infeaion is removed, and that the 
whole body of the patient is covered with a profufe 
iweat. Neither the patient’s Ihirt nor bed-clothts mull 
be changed till the perfpiration has entirely ceafed. The 
operation mult be performed in a very clofe apartment ; 
and at every feafon of the year there mull be kept in it 
a fire-pan, over which fugar and juniper mull be thrown 
from time to time, that the vapour which thence anfes 
may promote the perfpiration. The whole body of the 
patient, the eyes alone excepted, muft in this manner 
be anointed, or rather rubbed over, with the greateft 
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muft be performed by means of a fponge, and fo fpeedi- Plague. 

care. 
This praftice of the pious monk is mentioned by 

Howard in his work on Tazarettos ; but a more 
fatisfa&ory account of it is given by Count Leopold von 
Btrcktold, who adds the following remarks by way of 
illuftration: 1. The operation of rubbing in the oil 

ly as not to lall more than about three minutes. 2. The 
interval between the firft and the fecond rubbing, if a 
fecond be necefiary, muft be determined by circumftan- 
ces, as the fecond muft not be performed till the firft 
perfpiration is over, and this will depend on the con- 
ilitution of the patient. If any fweat remains upon the 
Ikin, it muft be wiped off with a warm cloth before the 
fecond rubbing takes place. , This ftrong friction with 
oil may be continued for feveral days fucceffively, until 
a favourable change is remarked in the difeafe ; after 
which the rubbing may be performed in a more gentle 
manner. The quantity of oil requifite each time can- 
not be determined with accuracy ; but, in general, a 
pound may be fufficient. The pureft and frefheft oil is 
the heft for this operation : it mull not be hot, but on- 
ly lukewarm. The breaft and privities muft be rubbed 
foftly. In a cold climate fuch as ours, thofe parts on- 
ly into which the oil is rubbed muft be expofed naked. 
The other parts muft be covered with warm clothing. 
In this manner each part of the body muft be rubbed 
with oil in fucceffion, as quickly as poffible, and be then 
inftantly covered. If the patient has boils or buboes, 
they muft be rubbed over gently with the oil till they 
can be brought to fuppurate by means of emollient pla- 
ilers. The perfons who attend the patients to rub in 
the oil muft take the precaution to rub themfelves over 
in the like manner, before they engage in the opera- 
tion. They mutt, if poffible, avoid the breath of the 
patient, and not be under any apprehenlions of catching 
the inftdlion. 

P. Luigi then fays : “ In order to prevent the pa- 
tients from lofing their ftrengtb, I preferibed for them, 
during four or five days, foup made of vermicelli boiled 
in vinegar without fait. I gave them fix or feven times 
a-day a fmall fpoonful of preferved four cherries ; pre- 
ferved not with honey, but with fugar, as the former 
might have occalloned a diarrhoea. When convinced 
that the patients were getting better, I ufually gave 
them the fifth morning a cup of good Mocha coffee, 
with a piece of toafted bifeuit (bifeotto) prepared with 
fugar; and I doubled the latter according to the ftrength 
and improvement of my patients.” 

In the courfe of five years, during which fridlion 
with oil was employed in the hofpital at Smyrna, of 
250 perfons attacked by the plague the greater part 

were 

(b) Dr Mofeley, we think, has affigned a very fufficient reafon why bleeding ffiould generally prove effeaual, 
if rccourfe be had to it at the commencement of the difeafe. “ In the common order of peftilential fevers (fays 
hej the- commence with coldnefs and fhivering ; limply demonftating, that fomething unufual has been in con- 
ta& with th fkin, agonizing cutaneous fenfibility. Sicknefs at the ftomach, and an immoveable preffure about 
the praecordia, follow. Thefe demonftrate, that the blood cannot pervade the extremities of the body, and that 
The quantity which ought to dilate through the whole machine is confined to the larger organs, and is crowding 
and diftending the heart and central veffels. , , ,. riuiur 

“ The reftraining power of the remoter blood veffels being deftroyed, the thinner parts of the blood eicape 
their boundaries ; hence arifes yellownefs in the fkin in fome climates ; in others, the extravafated grofler parts 
of the blood ftagnate, forming black lodgements, bubo, anthrax, and exanthemata. 

“ The obiea in thefe fevers is, to decide the conteft between the fohds and the fluids ; and this appears to me 
to be only praaicable, when fpontaneous fweats do not happily appear, or cannot be raffed by a cooling regi- 
men • and by draining the vital parts, by bleeding and purging, before the fluids have burft their confines, and 
diffolved their bond of union with the folids. The next ftep is to regain the loft energy of the furface of the 
body, by exciting perfpiration ; and then of the whole fyllem, by tonics. . 

“ When thefe things are not done in the firft hours of attack, in peftilential fevers, and the conflict is not ex- 
tin pulfhe cl at once, attempting to extort fweats from the body, by heating alexapharmacs, will dp m.fchief; and 
bark, wine, ilimulants, and cordials, may be called on, like undertakers, to perform an ufelefs ceremony. 



Planetary 
hours, 

Planets. 

P L A [ 371 
■ were cured ; and this would have been the cafe with dea revolves 

the reft had they not negle&ed the operation, or had it 
_ not been employed too late after their nervous fyftem 

had been weakened by the difeafe fo as to render them 
incurable. Immenfe numbers of people have been pre- 
ferred from the effe&s of this malady by the above 
means ; and of all thofe who have anointed therafelves 
with oil, and rubbed it well into their bodies, not one 
has been attacked by the plague, even though they ap- 
proached perfons already infected, provided they abftain- 
ed from heavy and indigeftible food. 

Thus we fee, if this account may be depended on, 
that oil rubbed into the fkin a6ls as a preventative, as 
well as a cure. When the operation is performed to 
juevent infedlion, and it is fuccefsfully performed with 
that view at Smyrna, as often as the plague makes its 
appearance in the city, as it is n<?t done for the pur- 
pofe of promoting perfpiration, it is not requifite that it 
fhould be performed with the fame fpeed as when for 
curing the diforder; nor is it neceflary to abftain from 
flefti and to ufe foups ; but it will be proper to ufe on- 
ly fowls or veal for ten or twelve days, boiled or roaft- 
ed, without any addition or feafoning (condimento). In 
the laft place, it will be neceflary to guard againft fat 
and indigeftible food, and fuch liquors as might put in 
motion or inflame the mafs of the blood. 

This important difcovery deferves the ferious confi- 
deration of all medical men ; for if olive oil has been 
found efficacious in curing or preferving againft one 
fpecies of infe&ion, it is not abfurd to fuppofe that the 
fame or other kinds of oil might be produ&ive of much 
benefit in other malignant infedtious difeafes. We hope 
loon to hear of fome trial being made with it in this 
country. Would it be of any fervice in the yellow fe- 
ver, fo prevalent in the vveftern world ? See the Philo- 

Jophical Maga%ine, Vol. II. 
PLANETARY hours, are twelfth parts of the 

artificial day and night; being each double in length 
to the hour ufed in civil computation ia Europe. They 
are ftill ufed by the Jews as they were among their 
forefathers ; and hence are called "Jewi/h hours. The 
reafon of their being called planetary hours, is, that ac- 
cording to the aftrologers, a new planet comes to pre- 
dominate every hour, and that the day takes its deno- 
mination from that which predominates the firft hour 
of it ; as Monday from the moon, &c. 

PLANETS have been fufficiently defcribed in the 
articles Astronomy in the Encyclopedia and this 
Supplement. The word is introduced here merely to 
notice the difcovery of two new planets fince thofe ar- 
ticles were written. The firft was difcovered in January 
1801, by Piazzi of Palermo; and the other, if it be 
indeed a planet, on the 28th of March 1802, by Mr 
Olbars an aftronomer of Bremen. Of the exiftence of 
Piazzi’s planet there is no doubt, as it has been ob- 
ferved by almoft all the eminent aftronomers of Europe, 
its orbit is between that of Mars and Jupiter, and its 
appearance like that of a ftar of the feventh or eighth 
magnitude. It has been called Juno, Hera, and Geres 
Ferdinandea. The laft of thefe names feerns to be ge- 
nerally adopted ; and it was impofed by the difeoverer 
in allufion to Sicily, and the monarch who reigns over 
that country. Dr Herfchel does not think the liar 
of Olbars intitled to the rank of a planet ; and hither- 
to we believe it has received no name. Ceres Ferdinan- 
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four years ; and the following are the 

elements found by Bruckhardt and Gaufs, and admitted ' 
by Lalande : 
Inclination io°47'' 
Node 2s. 20 58 
Aphelion 2 90 
Paflage of the Aph. 

Plants. 

IO 
2 I 
16 

Inclination 
Node 
Epoch 
Mean anom. 3 
Aphelion 1 o 26 
Eccentricity 0.0825017 
Equation 90 2&' 
Diflance 2,73555’ 
■j, of which a full account 

36'57" 
o 44 

38 o 
15 55 
27 38 Jan. 1. 1801 8 hours 

Eccentricity c.0364 
Semi-axis 2’574 
Revolution 4.13 years 

PLANTS, organifed bodie 
has been given in the Encycl. under the title Botany, 
Plants, Sexes, GV. The eftabliffiment of the fexual 
fyftem in vegetables, and the acknowledged analogy be- 
tween vegetable and animal bodies, has fuggefted a me- 
thod of improving plants, as animals are confefledly im- 
proved, by what is called croffmg the breed. This 
thought incurred firft, we believe, to Andrew Knight, 
Efq; and in the Tranfadlions cf the Royal Society for 
1799, we have an account of fome very curious experi- 
ments made by him, with the view of afeertaining whe- 
ther the improvement which he had conceived be ac- 
tually pra&icable. Thofe were chiefly made on the 
garden pea, of which he had a kind growing in his 
yard ; which having been long cultivated in the fame 
foil, Jiad ceafed to be produdtive, and did not appear to 
recover the whole of its former vigour when removed 
to a foil of a fomewhat different quality. On this his 
firft experiment in 1787 was made. Having opened a 
dozen of its immature bloflbms, he deftroytd the male 
parts, taking great care not to injure the female ones ; 
and a few days afterwards, wrhen the blofloms appeared 
mature, he introduced the farina of a very large and 
luxuriant grey pea into one half of the blofloms,,leaving 
the other half as they were. The pods of each grew 
equally well ; but he foon perceived that of thofe into 
whofe bloflbms the farina had not been introduced, the 
feed remained nearly as they were before the bloflbm 
expanded, and in that ftate they withered. Thofe in 
the other pods attained maturity, but were not in any 
fenfible degree different from thofe afforded by other 
plants of the fame variety ; owing, he imagines, to the 
external covering of the feed (as he had found in other 
plants) being furniftied entirely by the female. In the 
fucceeding ipring, the difference, however, became ex- 
tremely obvious ; for the plants from them arofe wdth 
exceffive luxuriance, and the colour of their leaves and 
flems clearly indicated that they had all exchanged 
their whitenefs for the colour of the male parent: the 
feeds produced in autumn w’ere dark grey. By intro- 
ducing the farina of another white variety (or in fome 
inftances by Ample culture), he found this colour w'as 
eafily difeharged, and a numerous variety of new kinds 
produced ; many of which were in fize and every other 
refpeft much fuperior to the original white kind, and 
grew with exceffive luxuriance, fome of them attaining 
the height of more than twelve feet. 

The diffimilarity he obferved in the offspring, afford- 
ed by different kinds of farina in thefe experiments, 
pointed out to him an eafy method of afeertaining whe- 
ther fuperfeetation (the exiftence of which has been ad- 
mitted among animals) could alfo take place in the ve- 
getable world. For as the offspring of a w hite pea is 
always white, unlefs the farina of a coloured kind be 
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introduced into the bloflbm, and as the colour of the 
grey one is always transferred to its offspring, though 
the female be white, it readily occurred to Mr Knight, 
that if the farina of'“both were mingled or applied at 
the fame moment, the offspring of each could be eafily 
diftinguifhed. 

His fir ft experiment was not altogether fuccefsful ; 
for the offspring of five pods (the whole which efcaped 
the birds) received their colour from the coloured male. 
There was, however, a ftrong refemblance to the other 
male in the growth and chara&er of more than one of 
the plants ; and the feeds of feveral in the autumn very 
elofely refembled it in every thing but colour. In this 
experiment he ufed the farina of a white pea, which 
poffeffed the remarkable property of Ihrivelling excef- 
fively when ripe ; and in the fecond year he obtained 
white feeds from the grey ones above mentioned, per- 
fectly fimilar to it. He is therefore flrongly difpofed 
to believe that the feeds were here of common paren- 
tage ; but doth net conceive himfelf to be in poffcffion 
of facts fufficient to enable him to fpeak with decifion 
on this queftion. We have no right to form a decided 
opinion on this part of the fubjedt, having paid to it 
very little attention ; but at prefent we are inclined to 
think differently from the author. We admit, indeed, 
that if the female afford the firfl organized atom, and 
the male a£l only as a ftimulus, it is by no means im- 
poffible that the explofion of two veficles of farina, at 
the fame moment (taken from different plants), may 
afford feeds of common parentage ; but whether the 
female or the male affords the firit organized atom, is 
the queftion which to us appears not yet decided. 

Another fpecies, however, of fuperfeetation, in which 
one feed appears to have been the offspring of two 
males, has occurred to Mr Knight fo often, as to re- 
move, he fays, all pofilbility of doubt as to its exift- 
tnce. In 1797> the ye^r after he had feen the refult 
of the laft mentioned experiment, having prepared a 
great many white bloffoms, he introduced the farina of 
a white and that of a grey nearly at the fame moment 
into each ; and as in the lafl year the charafter of the 
coloured male had prevailed, he nfed its farina more 
fparingly than that of the white one ; and now almoft 
every pod afforded plants of different colours. The 
majority, however, were white ; but the characters of 
the two kinds were not fufficiently diflinCt to allow him 
to :udge with precifion whether any of the feeds were 
produced of common parentage or not. In the year 
1798 he was more fortunate; having prepared blof- 
foms of the little early frame pea, he introduced its own 
tarina, and immediately afterwards that of a very large 
and late grey kind, and fowed the feeds thus obtained 
in the end of fummer. Many of them retained the co- 
lour and character of the fmall early pea, not in the 
flighteft degree altered, and bloffomed before they were 
eighteen inches high ; whilft others (taken from the 
fame pods), whofe colour was changed, grew to the 
height of more than four feet, and were killed by the 
froft before any bloffoms appeared. 

It is evident, that in thefe inftances fuperfeetation 
took place ; and it is equally evident that the feeds 
were not all of common parentage. Should fubfequent 
experience evince, that a fingle plant may be the off- 
fpring of two males, the analogy between animal and 
\egttable nature may induce fome curious conjedlures 
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relative to the procefs of generation in the animal Plants, 
world.—It certainly may ; but either we do not per- Pkmnum. 
fe6lly underftand the author’s meaning, or this experi- 
ment is not conclufive. There were here feeds of dif- 
ferent colours produced by the farina of different males, 
operating on the fame female plant ; and there are well 
attefted inftances of twin children being born of diffe- 
rent colours, in confequence of the coition of different 
males, a negro and a white man, with the fame woman. 
Had Mr Knight difeovered, not that the fame pod, 
but that the fame individual pea, was the offspring of 
two males, his difeovery would indeed have led to fome 
curious conjectures refpefting animal generation. But 
to proceed with his experiments. 

By introducing the farina of the largeft: and mod 
luxuriant kinds into the bloffoms of the moft diminu- 
tive, aud by referving this procefs, he found that the 
powers of the male and female, in their effeCts on the 
offspring, are exadtly equal. The vigour of the growth, 
the fize of the feeds produced, and the feafon of matu- 
rity, were the fame, though the one was a very early 
and the other a late variety. He had in this experi- 
ment a finking inftance of the ftimulative effeCts of 
crofting the breeds ; for the fmallefl. variety, whofe 
height rarely exceeded two feet, was increafed to fix 
feet; whilft the height of the large and luxuriant, kind 
was very little dimiinfhed. By this procefs it is evi- 
dent, that any number of new varieties may be obtain- 
ed ; and it is highly probable, that many of thefe will 
be found better calculated to correft the defers of dif- 
ferent foils and fituations than any we have at prefent. 

The fuccefs of Mr Knight’s experiments on the pea 
induced him to make fimilar experiments on wheat ; 
but thefe did not anfwer his expe&ations. The varie- 
ties indeed which he obtained, efcaped the blights of 
1795 and 1796; but their qualities were not other- 
wife good, nor were they permanent. His experiments 
on the apple, the improvement of which was the firft: 
objeCt of his attention, have, as far as he could judge 
from tiie cultivated appearance of trees which had not 
borne fruit when he wrote his memoir, been fully equal 
to his hopes. The plants which he obtained from his 
efforts to unite the good qualities of two kinds of apple, 
feem to poffefs the greateft health and luxuriance of 
<>rowth, as well as the moft promifing appearance in 
other refpe&s. In fome of thefe the charaCier of the 
male appears to prevail; in others that of the female ; 
and in others both appear blended, or neither is diftin- 
guifhable. Thefe variations, which were often obfer- 
vable in the feeds taken from a fingle apple, evidently 
arife from the want of permanence in the charadler of 
this fruit, when raifed from feed. Many experiments 
of the fame kind were tried on other plants ; but it is 
fufficient to fay, that all tended to evince, that impro- 
ved varieties of every fruit and ofefculent plants may be 
obtained by this procefs, and that Nature intended that 
a fexual intercourfe fhould take place between neigh- 
bouring plants of the fame fpecies. bor the nutiition 
of plants, fee Vegetable Substances in this Suppl. 

PLATINUM, or Platina (See Chemistry, 
Suppl. Part I. Chap. iii. Seft. 3 ), is a metal, of which 
every chemift. regrets the difficulty of making it mal- 
leable. Of the different proceffes adopted to accom- 
plifli this end, we have reefon to believe that ot Mr 
Richard Knight the moil fuccefsful; and, with the 

fpirit 
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Platinum fpint of a true philofoplier, lie wifhes to make that pro- degrees of finenefs, the third is the pollards. There is 
II cefs as {renerally known as poffible. We diall give it in nothing between it and the bran. , —w Pollards^ own wor(]s . PORCELAIN, a kind of earthen or (lone ware, of 

To a given quantity of crude platinum, I add (fays the manufafture of which a full account is given in the 
he) i ? times its weight of nitro-muriatic acid (compo- Encyclopaedia from Grofier and Reaumur. It may be 
fed of equal parts of nitric and muriatic acids) in a tubu- proper, however, to add here, from Sir George Staun- 
Jated glafs retort, with a tubulated receiver adapted to it. ton, that one of the principal ingredients in the Chinefe 
It is then boiled, by means of an Argand’s lamp, till porcelain called pc-tun-tfe, is a fpecies of fine granite, 
the acid has affumed a deep faffron colour : it is then or compound of quartz, feldfpath, and mica, in which 
poured off ; and if any platina remains undiflblved, the quartz bears the largeft proportion. “ It appears 
more acid is added, and it is again boiled until the whole (fays Sir George) from feveral experiments, that pe- 
is taken up. The liquor, being fuffered to reft till quite tun-tfe is the fame as the growan-ftone of the Cornilh 
clear, is agaiji decanted : a folution of fal-ammoniac is miners. The micaceous part in fome of this granite 
then added, by little and little, till it no longer gives a from both countries, often contains fome particles of 
cloudinefs. By this means the platina is thrown down iron ; in which cafe it will not anfwer the potter’s pur- 
in the form of a lemon-coloured precipitate, which having pofe. This material can be calcined and ground much 
fubfided, the liquor is poured off, and the precipitate re- finer by the improved mills of England, than by the 
peatedly waihed with diftilled water till it ceafes to give very imperfed machinery of the Chinefe, and at a 
an acid'tafte (too much water is injurious, the precipi- cheaper rate, than the prepared pe-tun-tfe of their own 
tate being in a certain degree foluble in that liquid) ; country, notwithftanding the cheapnefs of labour there, 
the water is then poured off, and the precipitate evapo- The kao-lin, or principal matter mixed with the pe-tun- 
rated to drynefs.” 18 ^ growan clay alfo of the Cornifh miners. 1 he 

Thus far our author’s method, as he candidly ob- tuha-Jbe of the Chinefe is the Englilh ioap rock ; and 
ferves himfelf, differs not from that which has been fol- the Jhe kati is afferted to be gypfum. 
lowed by many others ; but the remainder of the pro- “ The manufaAure of porcelain isfaid to be precarious, 
cefs is his own. “ A ftrong, hollow, inverted cone of from the want of fome precife method of afcertaining and 
crucible earth being procured, with a correfponding regulating the heat within the furnaces, in confequence 
Itopper to fit it, made of the fame materials, the point of which, their whole contents are baked fometimes into 
of the latter is cut off about three-fourths from the one folid and ufelets mafs.” If this be fo, Wedge- 
bafe. The platina, now in the Hate of a light yel- wood’s thermometer would be a prefent highly valuable 
low powder, is prtffed tight into the cone, andj a to the Chinefe potter, if that arrogant and conceited peo- 
cover being fixed (lightly on, it is placed in an air fur- pie would condefcend to be taught by a native of Europe. 
nace, and the fire raifed gradually to a ftrong white POSITION, Cintre of, is a point of any body, 
heat. (The furnace ufed by Mr Knight is portable, or fyftem of bodies, fo leledted, that we can eftimate 
with a chamber for the fire only eight inches in dia- with propriety the fituation and motion of the body or 
meter.) In the mean time the conical Hopper, fixed fyftem by the fituation and motion of this point. It 
in a pair of iron tongs fuitable for the purpofe, is is very plain that, in all our attempts to accurate dil- 
brought to a red, or to a bright red, heat. The cover cuffion of mechanical queftions, especially in the prefent 
being then removed from the cone, the tongs with the extended fenfe of the word mechanifm, fuch a fele&ioh 
heated ftopper is-introduced through a hole in the cover is neceffary. Even in common converfation, we fre- 
of the furnace, and preffed at firft gently on the pla- quently find it neceffary to afcertain the dillance of ob- 
tina, at this time in a Hate nearly as ioft as dough, till it jeds with a certain precifion, and we then perceive that 
at length acquires a more folid conliftence. i**is then we mult make fome fuch feledtion. We conceive the 
repeatedly {truck with the ftopper, as hard as the na- diltance to be mentioned, neither with refped to the 
ture of the materials will admit, till it appears to re- neareft nor the remotelt point of the object, but as a> 
ceive no farther impreffion. The cone is then removed fort of average diftance; and we conceive the point fo ai- 
from the furnace ; and being ftruck lightly with a ham- certained to be fomewhere about the middle of the ob- 
mer, the platina falls out in a metallic button, tiom je&. The more we refled on this, we find it the more 
which ftate it may be drawn, by repeatedly heating and neceffary to attend to many circumftances which we had 
gently hammering, into a bar lit for flatting, drawing overlooked. Were it the queftion, to decide in what 
into wire, planifliing, &c. precife part of a country parilh the church ihould be 

“ Befides the comparative facility of this procefs, it placed, we find that the geometrical middle is not al- 
bas the farther advantage of rendering the platina much ways the moft proper. We muft con fide r the popu- 
purer than when red hot iron is obliged to be had recourie loulnefs of the different quaitcis of thcpaiiffi, aim* feled 
to ; for platina, wdien of a white heat, has a ftrong ai- a point fuch, that the diltances of the inhabitants on 
finity for iron, and, with whatever care it may have eacn lide, in every diredion, lhall be as equally bulana- 
been previoufiy feparated from that metal, will be found ced as poffible. 
to have taken up a portion of it, when it is employed of a In mechanical difcufiions, the point by whole poll- 
red heat, to ferve to unite the particles of the platina.” tion and diftance we eftimate the pofition and diltance 

PLATONIC Bodies, fee Eegul/m Eodies, Suppl. of the whole, mull be io felected, that its pofition and 
PLUVIAMETER, a machine for meafuring the diftance, eftimated in any direction whatever, {lull be 

quantity of rain that falls, otherwife called Ombrome- the average of the pofitions and diftancesof every parti- 
tlr ; which fee, Encycl. cle of the affemblage, eftimated in that direction. 

POLLARDS, the name of a coarfe kind of wheaten This will be the cafe, if the point be fo feleded that, 
flour. When the flour of wheat is feparated into three when a plane is made to pais through it in any direc- 

tion 
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'P< fition. thm whatever, and perpendiculars are drawn to 
'' "v plane from every particle in the body or fyllem, the 

lum of all the perpendiculars on one fide of this plane 
is equal to the fum of all the perpendiculars on the 
other fide. If there be fuch a point in a body, the 
pofition and motion of this point is the average of the 
politions and motions of all the particles. 

Plate XL. F°r P (fig* 1‘) be a point fo fituated, and if Q^R 
be a plane (perpendicular to the paper) at any diftance 
from it, the diitancc P/> of the point from this plane is 
the average of the dillances of all the particles from it. 
For let the plane APB be puffed through P, parallel to 
QJl. The diftance CS of *any particle C from the 
plane QR is equal to DS—DC, or to Pp—DC. And 
the diftance GT of any particle G, lying on the other 
fide of APB, is equal to HT-f-GH, or to P^>-j-GH. 
Let n be the number of particles on that fide of AB 
which is neareft to QJR., and let o be the number of 
thofe on the remote fide of AB, and let m be the num- 
ber of particles in the whole body, and therefore equal 
to «+o. It is evident that the fum of the diftances of 
all the particles fuch as C, is n times Pp, after deduct- 
ing all the diftances, fuch as DC. Alfo the fum of all 
the diftances of the particles, fuch as G, is o times P/>, 
together with the fum of all the diftances, fuch as GH. 
Therefore the fum of both fets is « -j- o X P/ + fum 
of GH —fum of DC, or >»xP/>+ fum of GH— 
fum of DC. But the fum of GH, wanting the fum 
•of DC, is nothing, by the fuppofed property of the 
■point P. Therefore m X Vp is the fum of all the di- 
ftances, and P/> is the mt\\ part of this fum, or the 
average diftance. 

Now fuppofe that the body has changed both its 
place and its pofition with refpedl to the plane QJR., 
and that P (fig. 2.) is ftill the fame point of the body, 
and « P /; a plane parallel to Q^R. Make p * equal to 

P of fig. 1. It is plain that P^> is ftill the average 
diftance, and that w X P/> is the fum of all the prefent 
diftances of the particles from QJjt, and that p is 
the fum of all the former diftances. Therefore m X P * 
is the fum of all the changes of diftance, or the whole 
quantity of motion eftimated in the dire&ion ^ P. P » 
is the 772th part of this fum, and is therefore the average 
motion in this direftion. The point P has therefore 
been properly feleCIed ; and its pofition, and diftance, 
and motion, in refpedt of any plane, is a proper repre- 
fentation of the fituation and motion of the whole. 

It follows from the preceding difcuflion, that if any 
particle C (fig. 1.) moves from C to N, in the line 
CS, the centre of the whole will be transferred from P 
to Qj fo that PQJs the 772th part of CN ; for the fum 
of all the diftances has been diminifhed by the quantity 
CN, and therefore the average diftance mutt be dimi- 

. CN 
mfiied by the 772th part of CN, or PQJs = 

^But it may be doubted whether there is in every bo- 
dy a point, and but one point, fuch that if a plane pat's 
through it, in any dtrettion whatever, the fum of all the 
diftances of the particles on one fide of this plane is 
equal to the fum of all the diftances on the other. 

It is eafy to (hew that fuch a point may be found, 
with refpedt to a plane parallel to QR. For if the fum 
of all the diftances DC exceed the fum of all the di- 
stances GH, we have only to pafs the plane AB a little 
nearer to QRi but ftill parallel to it. This will dimi- 
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this mfh the fum of the hues DC, and increafe the furn of Pofidan 

the lines GH. We may do this till the Turns are equal. • 
In like manner we can do this with refpedt to a 

plane LM (alfo perpendicular to the paper), perpendi- 
cular to the plane AB. The point wanted is fome- 
where in the plane AB, and fomewhere in the plane 
LM. Therefore it is fomewhere in the line in which 
thefe two planes interfeft each other. The line pafles 
through the point P of the paper where the two lines 
AB and LM cut each other. Thefe two lines repre* 
fent planes, but are, in fadf, only the interfeclion of 
thofe planes with the plane of the paper. Part of the 
body mult be conceived as being above the paper, and 
part of it behind or below the paper. The plane of 
the paper therefore divides the body into two parts. It 
may be fo fituated, therefore, that the fum of all the 
diftances from it to the particles lying above it fhall be 
equal to the fum of all the diftances of thofe which are 
below it. Therefore the fituation of the point P is 
now determined, namely, at the common interfedlion of 
three planes perpendicular to each other. It is evident 
that this point alone can have the condition required 
in refpedb to thefe three planes. 

But it ftill remains to be determined whether- the 
fame condition will hold true for the point thus found, 
in refptdl to any other plane palling through it ; that 
is, whether the fum of all the perpendiculars on one 
fide of this fourth plane is equal to the fum of all the 
perpendiculars on the other fide. Therefore 

Let AGHB (fig. 3.), AXYB, and CDFE, be 
three planes interfering each other perpendicularly in 
the point C ; and let CIKL be any other plane, inter- 
fering the firlt in the line Cl, and the fecond in the 
line CL. Let P be any particle of matter in the body 
or fyftem. Draw PM, PO, PR, perpendicular to the 
firft three planes refperively, and let PR, when produ- 
ced, meet the oblique plane in V ; draw MN, ON, per. 
pendicular to CB. They will meet in one point N. 
Then PMNO is a rerangular parallelogram. Alfo 
draw MQ^_perpendicular to CE, and therefore parallel 
to AB, and meeting Cl in S. Draw SV; alfo draw ST 
perpendicular to VP. It is evident that SV is parallel 
to CL,vand that STRQ^and STPM are rerangles. 

All the perpendiculars, fuch as PR, on one fide of 
the plane CDFE, being equal to all thofe on the other 
fide, they , may be confidered as compenfating each 
other ; the one being confidered as politive or additive 
quantities, the other are negative or fubtradlive. There 
is no difference between their Turns, and the fum of 
both fets may be called o or nothing. The fame muft 
be affirmed of all the perpendiculars PM, and of all the 
perpendiculars PO. 

Every line, fuch as RT, or its equal QS, is in a cer- 
tain invariable ratio to its correfponding QC, or its 
equal PO. Therefore the politive lines RT are com- 
penfated by the negative, and the fum total is nothing. 

Every line, fuch as TV, is in a certain invariable ra- 
tio to its correfponding ST, or its equal PM, and there- 
fore their fum-total is nothing. 

Therefore the fum of all the lines PV is nothing ; but 
each is in an invariable ratio to a correfponding perpen- 
dicular from P on the oblique plane CIKL. There- 
fore the fum of all the pofitive perpendiculars on this 
plane is equal to the fum of all the negative perpendi- 
culars, and the propofition is demonftrated, viz. that 
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or fyflem of bodies, there is a point gation of the motions and aftions of bodies incompa- 

' ■ ■ ’• rably more fimple and eafy, freeing our difcufiions from 
’ofition. in every body. 

fuch, that if a plane be palled through it in any direc- 
tion whatever 1 the fum of all the perpendiculars on one 
fide of the plane is equal to the fum of all the perpen- 
diculars on the other fide. 

The point P, thus feleded, may, with great proprie- 
ty, be called the centre of position of the body or 
fyftem. r r ■ 

If A and B (fig. 4.) be the centres of pofition of 
two bodies, whofe quantities of matter (or numbers of 
equal particles) are a and b, the centre C lies in. the 
Itraight line joining A and B, and AC : CB ~ b \ 
or its diftance from the centres of each are inverfely as 
their quantities of matter. For let « C 0 be any plane 
paffing through C. Draw A «, B perpendicular to 
this plane. Then we have «xAa = ^XB/3, and 
A a : B 3 = £ : 0, and, by fimilarity of triangles, CA : 
CB ~ b : a. 

If a third body D, whofe quantity of matter is r/, 
be added, the common centre of pofition E of the three 
bodies is in the ftraight line DC, joining the centre D 
of the third body with the centre C of the other two, 
and DE : EC z= a + b : d. For, paffing the plane 

E k through E, and drawing the perpendiculars D <?, 
C «, the fum of the perpendiculars from D is r/X D ; 
and the fum of the perpendiculars from A and B is 
a b X C and we -have dxD$ = a-\-bX.Cx-; and 
therefore DE : EC — a b : d. 

In like manner, if a fourth body be added, the com- 
mon centre is in the line joining the fourth with the 
centre of the other three, and its diltance from this 
centre and from the fourth is inverfely as the quantities 
of matter ; and fo on for any number of bodies. 

If all the particles of any fyftem be moving uniform- 
ly, in ftraight lines, in any dire&ions, and with any ve- 
locities whatever, the centre of the fyftem is either mo- 
ving uniformly in a ftraight line, or is at reft. 

For let m be the number of particles in the fyftem. 
Suppofe any particle to move uniformly in any direc- 
tion. It is evident, from the reafoning in a former pa- 
ragraph, that the motion of the common centre is the 
wth part of this motion, and is in the fame diredlion. 
The fame muft be faid of every particle. Therefore 
the motion of the centre is the motion which is com- 
pounded of the mth part of the motion of each par- 
ticle. And becaufe each of thefe was fuppofed to be 
uniform and rectilineal, the motion compounded of 
them all is alfo uniform and redtilineal ; or it may hap- 
pen that they will fo compenfate each other that there 
will be no diagonal, and the common centre will remain 
at reft. 

Cor. i. If the centres of any number of bodies move 
uniformly in ftraight lines, whatever may have been 
the motions of each particle of each body, by rotation 

Fofitinn. 

numberlefs intricate complications of motion, which 
would frequently make our progrefs almoft impoffible. 

Position, in arithmetic, called alfo Falje Pojiiion, 
or Suppofition, or Rule of Falfe, is a rule fo Called, be- 
caufe it confifts in calculating by falfe numbers fuppo- 
fed or taken at random, according to the procefs de- 
feribed in any queftion or problem propofed, as if they 
were the true numbers, and then from the refults, com- 
pared with that given in the queftion, the true numbers 
are found. 

Thus, take or aftume any number at pleafure for 
the number fought, and proceed with it as if it were 
the true number, that is, perform the fame operations 
with it as, in the queftion, are deferibed to be perform- 
ed with the number required : then if the refult of thofe 
operations be the fame with that mentioned or given 
in the queftion, the fuppofed number is the fame as the 
true one that was required ; but if it be not, make this 
proportion, viz. as your refult is to that in the queftion,. 
fo is your fuppofed falfe number to the true one required. 

Example. What number is that, to which if we add 
and z of itfelf, the fum will be 240 ? 

Suppofe 99 

Then, as 222.75 

49 
33- 
24.75 
*6.5 

222.75 
240 

J — T — 1 

— T t 
3: 

99 
refult 

: 106.6 = Anfwev. 

53 *3 
35*5 
26.6 
J7-7 

— T 

— S 

2 40. = proof. 
This is fingle pofition. 

Sometimes it is neceflary to make two different fupv 
pofitions or affumptions, when the fame operations muft 
be performed with each as in the fingle rule. If neither 
of the fuppofed numbers folve the queftion, find the 
differences between the refults and the given number ; 
multiply each of thefe differences into the other’s pofi- 
tion ; and if the errors in both fuppofitions be of the 
fame kind, 1. e. if both fuppoikions be either lefs or 
greater than the given number, divide the differences 
of the produ&s by the differences of the errors. It 
the errors be not of the fame kind, i. e. if the one be 
greater and the other lefs than the given number, di- 
vide the fum of the products by the fum of the errors. 
The quotient, in either cafe, will be the anfwer. 

B, and G, bought Example. Three partners, A, i>, and u, bought a 
or otherwife, the motion of the common centre will be . fugar-work which coll them L. 2000 ; of which A paid 
uniform and redtilineal. 

Cor. 2. The quantity of motion of fuch a fyftem is 
the fum of the quantities of motion of each body, re- 
duced to the diredtion of the centre’s motion. And it 
is had by multiplying the quantity of matter in the 
fyftem by the velocity of the centre. 

The velocity of the centre is had by reducing the 
motion of each particle to the diredlion of the centre’s 
motion, and then dividing the fum of thofe reduced mo- 
tions by the quantity of matter in the fyftem. 

By the fekdtion of this point, we render the invefti- 

a certain fum unknown; B paid as much as A, and 
L. 50 over ; C paid as much as them both, and L. 25 
over : What fum did each pay ? 

(1.) Suppofe A paid L. 500 
B 
C - 

55° 
1075 

2125 
2000 

125 =: error of excefs. 
(2.) Sup- 
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(2.) Suppofe A paid L.400 
B   450 

I2J =r excefs. C —— 875 

400 

•50000 

2d pofition. 

ift error, 125 
2d   275 

*72.? 
2000 

275 = error of defe&, 
500 — id pofition. 

13750° 
50000 

400 )t875CO 

Anfwers 
r 468.75 = 1 
] 5i8-75 = 
L 1012.5 = 

fum paid by A. 
 B. 
 C. 

2000 ... = proof. 
This is called double pofition. 

POTTERY is an art of very confiderable importance; 
and in addition to what has been faid on it in the Ency- 
clopedia, the following reflexions, by that eminent che- 
mift. Vauquelin, will probably be acceptable to many of 
our readers. 

Four things (fays he) may occafion difference in the 
qualities of earthen-ware : ijl. The nature or compo- 
fition of the matter ; 2d, The mode of preparation ; $d, 
The dimenfions given to the veflels; 4//^, The baking 
to which they are fubjeXed. By compohtion of the 
matter, the author underltands the nature and propor- 
tions of the elements of which it is formed. Thefe ele- 
ments, in the greater part of earthen ware, either va- 
luable or common, are lilex, argil, lime, and fometimes 
a little oxide of iron. Hence it is evident that it is not 
fo much by the diverfity of the elements that good 
earthen-ware differs from bad, as by the proportion in 
which they are united. Silek or quartz makes always 
two-thirds at leafl of earthen-ware ; argil or pure clay, 
from a fifth to a third ; lime, from 5 to 20 parts in the 
hundred ; and iron from o to 12 or 15 parts in the 
hundred. Silex gives hardnefs, infufibility, and un- 
alterability ; argil makes the parte pliable, and ren- 
ders it fit to be kneaded, moulded, and turned at plea- 
fure. It poffeffes at the fame time the property of be- 
ing partially fufed by the heat which unites its parts 
with thofe of the filex ; but it mull not be too abun- 
dant, as it would render the earthen-ware too fufible and 
too brittle to be ufed over the fire. 

Hitherto it has not been proved by experience that 
lime is neceffary in the compofition of pottery : and if 
traces of it are conftantly found in that fubftance, it is 
becaufe it is always mixed with the other earths, from 
which the walkings and other manipulations have not 
been able to feparate it. When this earth, however, 
does not exceed five or fix parts in a hundred, it ap- 
pears that it is not hurtful to the quality of the pot- 
tery ; but if more abundant, it venders it too fufible. 

The oxide of iron, befides the inconvenience of com- 
-municating a red or brown colour, according to the de- 
gree of baking, to the veffels in which it forms a part, 
has the property of rendering them fufible, and even in 
a greater degree than lime. 

As fome kinds of pottery are dertined to melt very 

penetrating fubrtances, fuch as falts, metallic oxides, 
glafs, &c. they require a fine kind of parte, which is 
obtained only by reducing the earths employed to very 
minute particles. Others dertined for melting metals, 
and fubftances not very penetrating, and which mull 
be able to fupport, without breaking, a hidden tranfi- 
tion from great heat to great cold, require for their 
fabrication a mixture of calcined argil with raw argil. 
By thefe means you obtain pottery, the coarfe parte of 
which refembles brcche, or fmall grained pudding-ftone, 
and which can endure hidden changes of temperature. 

The baking of pottery^ is alfo an objedt of great im- 
portance. The heat muft be capable of expelling hu- 
midity, and agglutinating the parts which enter into 
the compofition of the palte, but not ilrong enough to 
produce fufion ; which, if too far advanced, gives to 
pottery a homogenuoufnefs that renders it brittle. The 
fame effeft takes place in regard to the fine pottery, 
becaufe the very minute divifion given to the earths re- 
duces them nearly to the fame rtate as if this matter 
had been fufed. This is the reafon why porcelain 
ftrongly baked is more or lefs brittle, and cannot eafily 
endure alternations of temperature. Hence coarfe porce- 
lain, in the compofition of which a certain quantity of 
calcined argil is employed, porcelain retorts, crucibles, 
tubes, and common pottery, the parte of which is coarfe, 
are much lefs brittle than diihes and faucers formed of 
the fame fubrtance, ground with more labour. 

The general and refpeXive dimenfions of the different 
parts of veflels of earthen-ware have alfo confiderable in- 
fluence on their capability to Hand the fire. 

In fome cafes the glazing or covering, efpecially 
when too thick, and of a nature different from the body 
of the pottery, alfo renders them liable to break. Thus, 
in making fome kinds of pottery, it is always eflential, 
\Jl, To follow the bell proportion in the principles ; id. 
To give to the particles of the palte, by grinding, a 
minutenefs fuited to the purpofe for which it is intend- 
ed, and to all the parts the fame dimenfions as far as 
poffible ; ^d. To carry the baking to the higheft de- 
gree that the matter can bear without being fufed ; 
To apply the glazing in thin layers, the fufibility of 
which ought to approach as near as pofiible to that of 
the matter, in order that it may be more intimately 
united. 

C. Vauquelin, being perfuaded that the quality of 
good pottery depends chiefly on ufing proper propor- 
tions of the earthy matters, thought it might be of 
importance, to thofe engaged in this branch of manu- 
facture, to make known the analyfis of different natural 
clays employed for this purpofe, and of pottery produ- 
ced by fome of them, in order that, when a new earth 
is difeovered, it may be known by a fimple analyiis 
whether it will be proper for the fame objeX, and to 
what kind of pottery already known it bears the great- 
efl refemblance. 

Pottery. 

Hefiian Argil of 
Cn.cibles. Drenx. 

Silex 
Argil . . 
Lime . . 
Oxide of iron 
Water . 

69 
21-5 

1 
8 

43*5 
33*2 

3*5 
1 

18 

Porcelain Wedgwood's 
Capfules. PyromeurV. 

6l 
28 

6 
o-5 

64.2 
25 

6 
0*2 
6*2 

Raw 
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Poreetalti, Rav/ kaolin IOO parts.—Stlex 74, argil 16*5, lime 
, 2, water 7. A hundred parts of this earth gave eight 

of alum, after being treated wjch the fulphuric acid. 
Wafhed kaolin too parts.—S:lex 55, argil 27s lime 

2, iron 0*5, water 14. This kaolin, treated with the 
fulphuric acid, gave about 45 or 50 J>er cent, of alum. 

Petuntze.—Silex 74, argil 14*5, lime 5-5, lofs 6. A 
hundred parts of this fubltance, treated with the ful- 
phuric acid, gave feven or eight parts of alum. But 
this quantity does not equal the lofs fuftained. 

Porcelain of retorts.—Silex 64, argil 28-8, lime 4-5 t, 
iron 0-50, lols 277. Treated with the fulphuric acid, 
this porcelain gave no alum. 

There is a kind of earthen veffels, called Jkarrexes, 
ufed in Spain for cooling the water intended to be 
drunk. Thefe veffels con frit of 60 parts of calcareous 
earth, mixed with alumina and a In tie oxyd of iron, 
and 4^^ of filiceous earth, alfo mixed with alumina and 
the fame oxide. The quantity of iron may be eft [ma- 
ted at almoft one hundredth part of the whole. i his 
earth is firft kneaded into a tough pafte, being for that 
purpofe previoufly diluted with water; formed into a 
cake of about fix inches in thicknefs, and left in that 
ftate till it begin to crack. It is then kneaded with 
the feet, the workman gradually adding to it a quantity 
of fea fait, in the proportion of feven pounds to a 
hundred and fifty; after which it is applied to the lath, 
and baked in any kind of furnace ufed by potters. The 
alcarrezes, however, are only about half as much ba- 
ked as the better kinds of common earthen ware ; and 
being exceedingly porous, water oozes through them 
on all Tides. Hence the air, which comes in contadl 
with it by making it evaporate, carries off the caloric 
contained in the water in the veffel, which is thus ren- 
dered remarkably cool. 

POLTLES, or Poulques, one of the principal na- 
tions which inhabit the banks of the Senegal. They 
poffefs an extent of more than fixty leagues c»long the 
river, and exa6I heavy cuftoms from the Senegal tra- 
ders with the interior of the country. They are not 
fo black as the other negroes, but of a copper colour, 
much inclining to red It is remarkable, however, that 
their children who are fent to Senegal, and refide there 
for fome years, become much blacker. The females 
are very handfome, and the whites of Senegal generally 
take care to procure fome of them. But they are of 
a bad difpofition, and utterly incapable of attachment. 
When a man has a miftrefs of this nation, he mull 
watch her condudl very narrowly, and even chaftife her, 
that (he may not be guilty of infidelity to him whom 
(he honours with her favours. The dread of the bafti- 
nado will, in fuch cafe, effedl what attention and com- 
plaifance can never bring about. 

Although the Poules inhabit one of the fineft fpots 
in Africa, they are neverthelefs a wretched people ; 
they are bafe, cruel, thievifh, and fanatic in the extreme. 
They are commanded by a chief of their religion, 
which is a contemptible mixture of Mahometanifm and 
idolatry. This chief is called the Almamy ; he is al- 
ways chofen from among the Tampfirg, who are twelve 
in number. The Tampfirs are the interpreters of the 
law, and are the moft learned, or rather the moft fana- 
tical among them. The Almamy has the power of 
life and death over his fubje£ls; yet he may be depofed 
by an affembly of Tampfirs : it is therefore his intereft 
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to keep on good terms with them. The payment of cuf- Printir? 
toms is made to the Almamy, and is afterwards di- —v"-—- 
ftribuied among the Tampfirs ; and although a part be* 
longs to the former, he neverthclefs requires a feoarate 
prelent for himftlf. 

PRINPING. (See that article, Encycl. and Typo- 
graphy in this Supplement.) We fhall here only de- 
fence a Printing Prefs, for the invention of which a 
patent was granted, in 1790, to Mr William Nicholfon 
of New North-ftreet, Red Lion Square, London. This 
machine, with fome fiignt varieties, is adapted for point- 
ing on paper, linen, cPlton, woollen, and other arrides, in 
a more neat, cheap, and accurate method, the author 
thinks, than the printing preffes now in ufe 

I'he invention confnis in three particulars, ijl, The 
manner of preparing and placing the types, engravings, 
or carvings, from which the imprefliou is to be made; 
idly, In applying the ink or colouring mat er to types 
or engravings ; and. yUy, In taking off the impreffion. 

i/?, Mr Nicholfon makes his moulds, punches, and 
matrices, for catting letters, in the fame manner, and 
with the fame materials, as other letter founders do, 
excepting that, inttead of leaving a fpace in the mould 
for the Item of one letter only., he leavesfp.aces for two ' 
three, or more letters, to be call at one pouring of the* 
metal; and at the lower extremity of each of thole 
fpaces (which communicate by a common groove at 
top) he places a matrix, or piece of copper, with the 
letter punched upon its face in the ufual way. And 
moreover, he brings the Item of his letters to a due form 
and finilh, not only by rubbing it upon a Hone, and 
feraping it when arranged in the finifhing-ftick, bur like- 
wife by feraping it, qn one or more fides, in a finilhing- 
ftick vvhofe hollowed part is lefs deep at the inner than 
the outer fide. He c.dls that fide of the groove which 
is nearelt the face or the difpoied letter, the outer fide ; 
and the purpofe accompi bed by this method of fera! 
ping is, that of rendering the tail of the letter gra- 
dually fmaller the more remote it is, or farther from the 
face., Such letters may be firmly impofed upon a cy- 
lindrical furface, in the fame manner as common letters 
are impofed upon a fiat Hone. 

2idy, He applies the ink or colouring matter to the 
types, forms, or plates, by caufing the furface of a cy- 
linder, fmeared or wetted with the colouring matter, to 
roll over the furfaces of the Lid forms or plates, or by 
caufing the forms or plates apply themfdves fuccefiively 
to the lurface of the cylinder. The furface of this co- 
louring cylinder is covered with leather, or with wool- 
len, linen, or cotton-cloth. When the colour to be 
ufed is thin, as in calico-printing, and in aimott every 
cafe, the covering is fupporttd by a firm elattic fluffing, 
confilling of hair, or wool, or woollen cloth wrapped 
one or more folds round the cylinder. When the co- 
vering coufifts of woollen cloth, the Huffing mutt be de- 
fended by leather, or oillkin, to prevent its imbibing 
too much colour, and by that means loling its elafticity. 
It is abfolutely neceffary that the colourng matter be 
evenly diftributed over the furface of the cylinder ; and 
for this purpofe, when the colour is thick and itiff, as 
in letter-piefs printing, he applies two, three, or more 
fmall cylinders, called diftributing rolleis, longitudinally 
againft the colouring cylinders, fo that they may be 
turned by the motion of the latter; and the effedl of 
this application is, that every lump or mafs of colour 

3 B which 
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Printing, wliich tnay be redundant, or irregulaily placed upon 

the face of the colouring cylinder, will be prefled, 
fpread, and partly taken up, and carried by the fmall 
ioilers to the other parts of the colouring cylinder ; fo 
that this left will very fpeedily acquire and preferve an 
even face of colour. But if the colouring matter be^ 
thinner, he does not apply more than one or two of 
thefe Biftributing rollers ; and, if it be very thin, he.ap- 
ti'ies an even blunt edge of metal, or wood, or a ftraight 
hrufh, or both of thefe laft, againtt the colouring cylin- 
der, fur the purpofe of rendering its colour uniform. 
When he applies colour to an engraved plate, or cylin- 
der, or through the interftices of a perforated pattern, 
as in the manufacturing of fome kinds of paper-hang- 
ings, he ufes a cylinder entirely covered with hair or 
brifi.les in the manner of a brufh. 

^dly. He performs all his irr.prefilons, even in letter- 
prefs printing, by the aftion of a cylinder or cylindrical 
lurface. The conftruaion of this machine, and the 
manner of ufing it, will be intelligible to every reader 
who (hall attentively confider Plate XL ; where fig. I. 
reprefents a printing-prcfs, more tfpecially applicable 
to the printing of books and E are two cylinders, 
running or turning in a flrong frame cf wood, or metal, 
or both. The cylinder A is faced with woollen cloth, 
and is capable of being prefled with more or lefs force 
upon HI, by means of the lever M. HI is along 
table, which is capable of moving endwife, backwards 
and forwards, upon the rollers E and K. 1 r.e roller 
A afls upon this table by means of a cog-wheel, or by 
ilraps, fo as to draw it backwards and forwards by the 
motion of its handle L. I he table is kept in the fame 
line by grooves on its fides, which contain the cylinder 
A. D is a chafe, containing letter fet up and impofed. 
B is a box, containing a colouring-roller, with its difln- 
buting-rollers CC ; it is fupported by the arm N. . O 
is a cylinder faced with leather, and lying acrofs an ink- 
block ; this cylinder is fixed by the middle to a bended 
lever moveable on the joint 

The adion. When D, or the letter, is drawn beneath 
the cylinder B, it receives ink ; and when it has pafied 
into the polition R, a workman places or turns down a 
tympan with paper upon it (this tympan differs in no 
refpeft from the ufual one, except that its hinge opens 
iidewife) ; it then proceeds to pafs under the cylinder 
A, which preffes it fuccefiively through its whole fur- 
face. On the other fide, at S, the workman takes off 
the paper, and leaves the tympan up. This motion 
canfes the cylinder B to revolve continually, and cor.fe- 
quently renders its inked furface very unifoim, by the 
adtion of its difhibuting-rollets CC ; and, when the 
table has pafled to its extreme diftance in the dire&ion 
now fooken of, the arrn G touches the lever 1 , and 
raifes the cylinder O off the ink block, by which means 
it dabs againft one of the diftributing-rollers, and gives 
it a fmall quantity of ink. The returning motion of 
the table carries the letter again under the roller B, 
which again inks it, and the procefs of printing another 
fheet goes on as before. 

Fig. 2. is another printing-prefs. In this, B is the 
ir.king-roller ; A is a cylinder, having the letter impo- 
fed upon its furface ; and E is a cylinder, having its 
uniform furface covered with woollen cloth: thefe .three 
cylinders are connedfed, either by cogs or ftraps at the 
edges of each. The machine is uniformly turned in 
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one diredlion by the handle L. The workman applies Printings 
a (beet of paper to the furface of E, where it is retain-y— 
ed, either by points in the ufual manner, or by the ap- 
paratus to be defcribed in treating of fig. 4. The pa- 
per pafles between E and A, and receives an impref- 
fion *; after which the workman takes it off, and applies 
another fheet ; and in the mean time the letter on the 
furface of A pafles round againtl the furface of B, and 
receives ink during the rotation of B. The diftributing- 
rollers CC do their office as in the machine fig. 1.; and 
once in every revolution the tail F, affixed to B, raifes 
the inking-piece G, fo as to caufe it to touch one of the 
diftributing-rollers, and fupply it with ink. In this way 
therefore the repeated printing of fheet after fheet goes 
on. 

Fig. 3. is a printing-prefs, more particularly adapted 
to print cottons, filks, paper-hangings, or other articles 
which run of a confiderable length. A is a cylinder 
covered with woollen cloth, or other foft fubftance. 
The web or piece of cotton, or other goods, is pafled 
round this cylinder, from the carrying-roller F to the 
receiving-rollers GH; which are connefted by a piece 
of linen, woollen, or hair-cloth, in the manner^ of a 
jack-towel fewed round them; the rotation of this 
towel cariies away the printed fluff or goods, and de- 
pofits them at I. KL is a moveable box, containmg 
three rollers, which move againft each other in rota- 
tion. The loweft roller C revolves in a mafs of coiour, 
contained in a trough or veffel in the bottom part of 
the box KL ; the furface of this colour is reprefented 
by the line MN. The next roller B is fluffed and 
covered as defcribed in fedlion 2. I he preflure of 
B again It C prevents the cylinder B from receiving 
too much colour. D is a cut or carved cylinder, 
which receives colour, during the rotation, from the 
roller B, and impreffes it upon the web as it paffes 
round the cylinder A ; in this way the conftant and 
effectual action of the machine is Efficiently obvious. 
It muft be obftrved, that the cylinders ADB and G 
are connected together by cog-wheels, ftraps, or other 
well-known equivalent contrivances ; fo that the handle 
P drives the whole, without their neceffaiily depending 
on any adhelion orfiiction at their furfaces. The pref- 
fure of B againft D is governed by an adjuftment of 
the axis of D, whofe fockets are capable of a fmall mo- 
tion ; and the pretTure of D agaiuft A is governed by 
the pofition of the whole box KL. When it is requi- 
red to print more than one colour upon a piece, Mr 
Nieholfon caufes it to pafs two or more times through 
the machine ; or, in thofe cafes where the materials are 
liable to change their dimenfions, he applies, at one and 
the fame time, two or more fuch boxes as KL, with 
their refpe&ive cylinders, fo that the pattern cylinder 
of each may make its impreffion upon the web or mate- 
rial to be printed on. 

Fig. 4, is a printing-prefs, chiefly of ufe for books 
and papers. 1, 2, 3, 4, reprefents a long table, with 
ledges on each fide ; fo that the two cylinders A and 
B can run backwards and forwards without any fide 
fhake. In one of thefe ledges is placed a ftrip or plate 
of metal cut into teeth, which lock into correfpondent 
teeth in each cylinder; by which means the two cy- 
linders roll along, without the poffrbility of changing 
the relative politrons of their furlaces at any determinate 
part of the table. This may alfo be effe&ed by ftraps, 1 and 
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-Printing ■ and may indeed be accomplifned, with tolerable accu- 
i-i racy, by the mere rolling of the cylinders on the fmooth 

or flat ledges without any provifion. A is the print- 
ing-cylinder, covered with woollen cloth, and B is the 
inking cylinder, with its diftributing rollers. The table 
may be divided into four compartments, marked with 
a thicker bounding line than the reft, and numbered I, 
2,3,4. At 1 is placed a flieet of paper; at 2 is the 
form or chafe, containing letter fet and impofed ; at 3 
is an apparatus for receiving the printed fheet; and 4 
is employed in no other ufe than as a place of ftanding 
for the carriage E, after it has paired through one 
operation, and when it takes ink at F. Its aclion is as 
follows : the carriage is thruft forward by the work- 
man, and as the roller A pafles over the fpace number- 
ed 1, it takes up the flieet of paper previoufly laid 
there, while the roller B runs over the form and inks 
the letter. The flieet of paper, being wrapped round 
the cylinder A, is prefied againft the form as that cy- 
linder proceeds, and contequently it receives an impref- 
iion. When A arrives at the fpace numbered 3, it lets 
go the ftieet of paper, while the prominent part of the 
carriage G ftrikes the lever P, and raifes the inking- 
piece, which applies itfelf againft one of the diftributing 
Rollers. In this manner therefore the cylinder A re- 
turns empty, and the cylinder B inked, and in the 
mean time the workman places another ftieet of paper 
ready in the fpace numbered 1. Thus it is that the 
operation proceeds in the printing of one ftieet after 
another. 

The preceding defcription is not incumbered with 
an account of the apparatus by which the paper is 
taken up and laid down This may be done in feveral 
ways: Fig. 9. and 10. reprefent one of the methods. 
DE is a lever, moving on the centre pin C, and having 
its end 1) prefled upwards by the aftion of the fpring 
G. The fhoulder which contains the pin C is fixed 
in another piece F, which is inlerted in a groove in the 
furface oi the cylinder A (fig. 4.), fo that it is capable 
of moving in and out, in a dire&ion parallel to the 
axis of that cylinder. As that cylinder proceeds, it 
meets a pin in the table ; which (letter P, fig. 9.) aft. 
mg on the inclined plane at the other end of the lever, 
throws the whole inwards, in the pofition reprefented 
in fig. 10.; in which cafe the extremity D ftioots in- 
wards, and applies itfelf againft the fide of the cylinder. 

In fig. 11. is a reprefeuration of part of the table ; 
the dotted fquare reprelents a fheet of paper, and the 
four imall fhaded fquares denote holes in the board, 
with pins ftanding behde them. When the lever DE 
(fig. 10.) ftioots forward, it is fituated in one of thefe 
holes, and advances under the edge of the paper, which 
confequently it preftes and retains againft the cylinder 
with its extremity D. Nothing more remains to be 
laid refpefting the taking up, but that the cylinder is 
provided with two pair of thefe clalps or levers, which 
are fo fixed ?s to corrtfpond wuth the four holes repre- 
fented in fig. 11. It will be eafy to underftaud how the 
paper is depolited in the compartment n° 3. (fig. 4.). 
A pin P (fig. 10.) riling out of the platform or table, 
afts againft a pin E, projefting fidewife out of the 
lever, and rnuft of comfe draw the Aider and its lever 
to the original pofition ; the paper confequently will be 
let go, and its difengagement is rendered certain by an 
apparatus fixed in the compartment numbered 3. (fig. 

4.) of exaftly the fame kind as that upon the cyfinder, Prlrttini?-- 
and which, by the aftion of a pin duly placed in the fur- L——vmnmJ 

lace of the cylinder A, takes the paper from the cylinder 
in precifely the fame manner as that cylinder originally 
took it up in the compartment numbered 1 (fig. 4.) 

Fig8* 5> 6, and 7, reprefent a iimpler apparatus for 
accomplifhing the fame purpofe. If A <7 B £ (fig. 7.) 
be fuppofed to reprelenta thick plate of metal of a cir- 
cular form, with two pins, A and B, proceeding fide- 
wife or perpendicularly out of its plane, and diametri- 
cally oppofite to each other, and G another pin pro- 
ceeding in the direftion of that plane, then it is obvious 
that any force applied to the pin A, fo as to prefs it 
into* the pofition a (by turning the plate on its axis or 
centre X), will at the fame time caufe the pin G to 
acquire the pofition g ; and, on the other hand, when 
B is at &, or the dotted reprefentstion of the fide-pin, 
if any preffure be applied to reftore its original polition 
at B, the pin g will return back to G. Now the fi- 
gures 5 and 6 exhibit an apparatus of this kind, applied 
to the cylinder A ; and that cylinder, by rolling over 
the pins P and />, properly fixed in the table to re-aft 
upon the apparatus, will caufe its prominent part G 
either to apply to the cylinder and clafp the paper, or 
to rife up and let it go. The compartment numbered 
3 (fig* 4-) mult of courfe have an apparatus of the 
fame kind to be afted upon by pins from A, in order 
that it may take the paper from that cylinder. 

There is one other ciicumftance belonging to this 
machine which remains to be exolained. When the 
carriage E (fig. 4.) goes out in the direftion of the 
numbers I, 2, 3, 4, both rollers, A and B, prefs the 
form of letter in their pallage ; but in their return 
back again the roller A, having no paoer upon it, 
would itleli become foiled, by taking a faint impreflloi* 
from the letter, if it were not prevented from touching 
it: the manner of effefting this may be underftood from 
fig. 12. i he apparatus there reprefented is fixed upon 
the outfide of the carriage E, near the lower corner, in 
the vicinity of the roller A ; the whole of this projeft* 
fidewife beyond the ledge of the table, except the fmali 
truck or wheel B. The irregularly-triangular piece, 
which is fhaded by the llrbke of the pen, carries this 
wheel, and alio a catch moveable on the axis or oin E. 
1 he whole piece is moveable on the pin A, which con- 
nefts it to the carriage. CD, or the part which is 
fhaded by dotting, is a detent, which ferves to hold the 
piece down in a certain pofition. It may be obferved, 
that both the detent and the triangular piece are fur- 
nished each with a claw, which holds in one direftion, 
but trips or yields in the other,-like the jacks of a harp- 
fichord, or refembling certain pieces ufed in clock and 
watch making, as is clearly reprefented in the figure. 
Thefe claws overhang the fide of the table, and their 
efieft is as follows : There is a pin C (fig. 4 ) between 
the compartments of the table numbered 2 and 3, but 
which ia marked F in fig. 12. where GH reprefents 
the table. In the outward run of the carriage thefe 
claws ftrike that pin, but with no other effeft than that 
they yield for an infiant, and as inftantly refume their 
original pofition by the aftion of their refpeftive {lender 
back-fprings. When the carriage returns, the claw of 
the detent indeed ftrikes the pin, but with as little effeft 
as before, becauie its derangement is inftantly removed 
by the aftion of the back fpring of the detent itfelf; 
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Printing, but, when the claw of the triangular piece takes the 
^>nrits' pin, the whole piece is made to revolve on its axis or 

y pin A, the wheel B is forced down, fo as to lift that 
end of the carriage, and the detent, catching on the 
piece at C, prevents the former pofition from being re- 
covered. The confequence of this is, that the carriage 
runs upon the truck B (and its corrcfpondent truck on 
the oppofite fide) inftead of the cylinder A, which is 
too much raifed to take the letter, and foil itfelf; but 
as foon as the end of the carriage has palled clear of 
the letter, another pin R (fig. 4.) takes the claw of the 
detent, and draws it off the triangular piece; at which 
inftant the cylinder A fubfides to its ufual place, and 
performs its funttions as before. This laft pin R does 
not affedt the claw of the triangular piece, becaufe it is 
placed too low; and the claw of the detent is made the 
longed, on purpofe that it may ftrike this pin. 

Fig. 8. reprefents an indrument for printing floor- 
cloths, paper-hangings, and the like, with diff paint and 
a brufh. D is a copper or metallic cylinder fixed in a 
frame A, like a garden-roller ; its carved part is thin, 
and is cut through in various places, according to the 
defined pattern. A drong axis paffes through the cy- 
linder, and its extremities are firmly attached to the 
frame A. To this axis is fixed a veffel or box of the 
fame kind, and anfwering the fame purpofe as the box 
KL in fig. 3. It carries a cylinder P, which revolves 
in the colour ; another cylinder E, which revolves in 
contadl with P ; and a third cylinder B, whofe exterior 
furface is covered with hair, after the manner of a 
brufh, and revolves in contadl with E. This cylinder 
B is adjuded by its axis, in fuch a manner that its 
brufh-part fweeps in the perforated parts of the metallic 
cylinder D. The circle C reprefents a cog-wheel, fix- 
ed. concentric to the cylinder D, and revolving with it; 
this wheel takes another wheel concentric to, and fixed 
to, B ; hence the a£Uon is as follows : When the me- 
tallic cylinder is wheeled or rolled along any furface, 
its cog-wheel C drives the brufh B in the contrary di- 
redlion; and this brufh-cylinder, being connefked by 
cogs or otherwife with E and P, caufes thofie alfo to 
revolve and fupply it with colour. As the fucceflive 
openings of the cylinder, D, therefore, come in contadt 
with the ground, the feveral parts of the brufh will tra- 
verfe the uncovered part of that ground, and paint the 
pattern upon it. The wheel G, being kept lightly on 
the ground, ferves to determine the line of contact, that 
it fhall be the part oppofite to B, and no other. 

PRINTS (fee Encycl.) are valuable on many ac- 
counts ; but they are liable to be foiled by fmoke, va- 
pour, and the excrements of infe&s. Different methods 
have, of courfe, been pra&ifed to clean them. Some 
have propofed fimple wafhing with clear water, or a ley 
made of the afhes of reeds, and then expofing the prints 
to the dew. Others have cleaned prints with aqua 
forth (fulphuric acid); but both thtfe methods are at- 
tended with a degree of t ilk at leaf! equal to their ad- 
vantages. The tcllowing method of cleaning prints is 
recommended in the ftcond volume of Nicholfon’s 
Journal of Natural Philofophy, See. as at once fafe and 
efficacious : 

“ Provide a certain quantity of the common muria- 
tic acid, for example three ounces, in a glafs bottle, 
with a ground Hopper, of fuch a capacity that it may 
be only half full. Half an ounce of minium muff then 

3 ] p r 1 
be added ; immediately after which the Hopper is to print* 
be put in, and the bottle fet in a cold and dark place. I) 
The heat, which foon becomes perceptible, {hews the 
beginning of the new combination. The minium aban- ' 
dons the greateft part of its oxygen with which the 
fluid remains impregnated, at the fame time that it ac- 
quires a fine golden yell w, and emits the deteftable 
fmell of oxygenated muriatic acid. It contains a f'mall 
portion of muriat of lead; but this is not at all noxious 
in the fubfequent procefs. It is alfo neceffary to be 
obferved, that the bottle muff be ftrong, and the Hop- 
per not too firmly fixed, other wife the adtive elaftic 
vapour might built it. The method of ufing this pre- 
pared acid is as follows : 

“ Provide a fufficiently large plate of glafs, upon 
which one or more prints may be feparately fpread out. 
Near the edges let there be raifed a border of foft white 
wax half an inch high, adhering well to the glafs and 
flat at top. In this kind of-trough the print is to be 
placed in a bath of frefir urine, or water containing a 
fmall quantity of ox-gall, and kept in this fituation for 
three or four hours. The fluid is then to be decanted 
off, and pure warm water poured on ; which mufi be 
changed every three or four hours until it paffes limpid 
and clear. The impurities are’fometimes of a refinous 
nature, and refiH the adtion of pure water. When this 
is the cafe, the wafhed print mufi be left to dry, and 
alcohol is then to be poured on and left for a time. 
After the print is thus cleaned, and all the moifiure 
drained off, the muriatic acid prepared with minium is 
to be poured on in fufficient quantity to cover the 
print; immediately after which another plate of glafs is 
to be laid in contadf with the rim of wax, in order to 
prevent the inconvenient exhalation of the oxygenated 
acid. In this fituation the yellowefi print will be feen 
to recover its origtnal whitenefs in a very fliort time. 
One or two hours are fufficient to produce the defired 
effedt ; but the print will receive no injury if it be left 
in the acid for a whole night. Nothing more is necef- 
fary to complete the work, than to decant off the re- 
maining acid, and wafh away every trace of acidity by 
repeated affufions of pure water. The print being then 
left to dry (in the fun if poffible) will be found white, 
clear, firm, and in no refpedt damaged either in the 
texture of the paper or the tone and appearance of the 
impreffion.” 

The judicious editor of the Journal fubjoins the fol- 
lowing note, to which collectors of prints will do well 
to pay attention : “ As I have not repeated this pro- 
cefs, I cannot efiimate how far the prelence of the lead 
may weaken the corrofive adfion of the acid on the pa- 
per ; but I fhould be difpofed to recommend a previous 
dilution of the acid with water. Whoever ufes this 
procefs will of courfe make himfelf mailer of the pro- 
portion of water required to dilute the acid, by making 
his fii ft trials with an old print of no valued* 

PRISM, in geometry, is a body or a folid, whofe 
two ends are any plane figures which are parallel, equal, 
and fimilar; and its fides, connefting thofe ends, are 
parallelograms. The definition of this figure in the 
Encyclopaedia we muft, in candour, acknowledge to be 
unaccountably indiftindt, if not unintelligible. 

PRISMOID, is a folid or body, fomewhat refem- 
bling a prifm, but that its ends are any diffimilar paral- 
lel plane figures of the fame number of fides; the up- 
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Prifon. right fidea being trapezoids.—If the ends of the prif- 

v  moid be bounded by difiimilar curves, it is fometifries 
called a cylindroid. 

PRISON is faid, in the Encyclopaedia^ to be only a 
place of fafe cuftody, not a place of punifhment. Such 
was, no doubt, the original intention of Englifh pri- 
fons ; but temporary confinement is, in England 
as well as ellewhere, inflidted as a punilhmenc for cer- 
tain crimes. Perhaps it would be expedient to fubfti- 
tute this punilhment more frequently than is yet done 
in Great Biitain, for tranfportation and death; propor- 
tioning the length of the confinement, as well as its 
clofenefs, to the heinoufnefs of the crime. In no coun- 
try, we believe, is this more accurately done, or to bet- 
ter purpofe, than in Pennfylvania ; and furely in no 
country has imprifonment been more abufed than in 
Venice under the old government. 

By the laws of Pennfylvania, punifhment by impri- 
fonment is impofed, not only as an expiation of pall of- 
fences, and an example to the guilty part of fociety, 
but alfo for another important purpofe—the reforma- 
tion of the criminal’s morals. The regulations of the 
gaol are calculated to promote this effedt as foon as pof- 
fible ; fo that the building deferves the name of a peni- 
tentiary houfe more than that oia gaol (fee Philadel- 
phia, Encycl ). As foon as a criminal is committed to 
the piifon, he is made to wafh; his hair is fhorn ; and, 
if not decently clothed, he is furnifhed with clean ap- 
parel. He is then thrown into a folitary cell, about 
nine feet long and four wide, where he -remains debar- 
red from the fight of every living being except his 
gaoler, whofe duty is to attend to his bare necefiities, 
but who is forbidden on any account to hold converfa- 
tion with him. If a prifoner be at all refradtory, or if 
the offence for which he is committed be of a very atro- 
cious nature, he is then confined to a cell fecluded even 
from the light of heaven. The treatment of each pri- 
foner, during his confinement, is varied according to 
his crime and his fubfequent repentance. Solitary con- 
finement in a dark cell is looked upon as the fevereft 
ufage ; next, folitary confinement in a cell with the ad - 
miffion of light ; next, folitary confinement in a cell, 
where the prifoner is allowed to do feme fort of work ; 
and, lattly, labour in company with others. The long- 
ed period of confinement is for a rape, which is not to 
be lefs than ten years, nor more than twenty-one ; for 
high treafon it is not to exceed twelve, nor fall fnort of 
fix years. 

The prifoners are obliged to bathe twice every week, 
proper conveniences for that purpofe being provided 
within the walls of the prifon, and alfo to change their 
linen, with which they are regularly fupplied. Thofe 
in folitary confinement are kept upon bread and water ; 
but thofe who labour are allowed broth, porridge, pud- 
dings, and the like. Meat is difpenfed only in imall 
quantities, twice in the week; and on no pretence 
whatever is any other beverage than water fuffered to 
be brought into the prifon. Thofe who labour areem 
ployed in the trade to which they have been accultom- 
ed ; and for thofe acquainted with no particular trade, 
fome kind of work is devifed which they can perform. 
One room is fet apart for fhoemakers, another for tai- 
lors, a third for carpenters, and fo on. In the yards 
are ftone-cutters, fmiths, nailers, &c. In a word, this 
prifon has all the advantages of the rafping houfe of 
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Amfterdam, without any of its enormous defe£ls. See Prifon. 
Corkection-Houje in this Suppl. y—. 

The prifon of Venice is of a very different deferip- 
tion, and is worthy of notice here only as a curiofity in 
the annals of tyranny, which has, we hope, paffed away 
with the government which contrived it. Dr Mole- 
ley, in confequence of his being an Englilh phyfician 
(a charadter then highly refpedted in Venice), was per- 
mitted, on the 16th of September 1787, to vifit the 
common prifon, but was abfolutely rt-fufed admittance 
into the Sotto Piombi, where the Hate prifoners were 
kept. As the Do&or believes that no foreigner be- 
lides himfelf ever witneffed the feents, even in the com- 
mon prilon, which he relates, we lhall give his relation 
in his own words. 

“ I was condudled (fays he) through the prifon by 
one of its inferior dependants. We had a torch with 
us. We crept along narrow paffages as dark as pitch. 
In fome of them two people could fcarcely pals each 
other. The cells are made of maliy marble ; the ar- 
chitecture of the celebrated Sanlovini. 

“ 1 he cells are not only daik, and black as ink, but 
being furrounded and confined with huge walls, the 
Imallelt breath of air can fcarcely find circulation in 
them. They are about nine feet fquare on the floor, 
arched at the top, and between fix and feven feet high 
in the higheft part. There is to each cell a round 
hole of eight inches diameter, through which the pii- 
loner’s daily allowance of twelve ounces of bread and a 
pot of water is delivered. There is a fmall iron door 
to the cell. The furniture of the cell is a little ftraw 
and a fmall tub ; nothing elfe. The ftraw is renewed 
and the tub emptied through the iron door occafion- 
ally. 

“ The diet is ingenioufly contrived for the perdura- 
tion of punilhment. Animal food, or a cordial nutri- 
tious regimen, in fuch a iituation, would bring on dif- 
eafe, and defeat the end of this Venetian juitice. Nei- 
ther can the foul, if fo inclined, fteal away, wrapt up in 
flumbering delufion, or fink to reft, from the admonition 
of her fad exiftence, by the gaoler’s daily return. 

“ I law one man who had been in a cell thirty 
years; two who had been twelve years; and feveral 
who had been eight and nine years in their refpedtive- 
cells. 

“ By my taper’s light I could difeover the prifoners 
horrid countenances. They were all naked. The man 
wrho had been there thirty years, in face and body was 
covered with long hair. He had loft the arrangement 
of woids and order of language. V\ hen I fpoke to 
him, he made an unintelligible noife, and expreffed fear 
and furprife ; and, like fome w'ild animals in deferts, 
which have fuffered by the treachery of the human 
race, or have an inftin&ive abhorrence of it, he would 
have fled like lightning from me if he could. 

“ One whofe faculties was not fo obliterated ; who 
ftill recollected the difference between day and night ; 
whofe eyes and ears, though long doled with a lilent 
blank, ftill languifhed to perform their natural func- 
tions—implored, in the moft piercing manner, that I 
would prevail on the gaoler to murder him, or to give 
him fome inftrument to deftroy himfelf. I told him I 
had no power to ferve him in this requeft. Tie then 
entreated I would ufe my endeavours with the inquifi- 
tors to get him hanged, or drowned in the Canal’ Or- 
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fano. But even in this I could not ferve him : death 
was a favour I had not intereft enough to procure for 
him. 

j “ This kindnefs of death, however, was, during my 
ftay in Venice.* granted to one man, who had been 
‘from the cheerful ways of man cut off’ thirteen years. 

“ Before he left his dungeon I had fome converfa- 
tion with him; this was fix days previous to his execu- 
tion. His tran{port at the prolpeft of death was fur- 
prifing. He longed for the happy moment. No faint 
tver exhibited more fervour in anticipating the joys of 
a future ftate, than this man did at the thoughts of be- 
ing releafed from life, during the four days mockery of 
his trial 

“ It is in the Canal’ Orfano where veffels from Tur- 
key and the Levant perform quarantine. This place 
is the watery grave of many who have committed poli- 
tical or perfonal offences againll the Hate or fenate, 
and of rnany who have committed no offences at all. 
They are carried out of the city in the middle of the 
night, tied up in a fack with a large {tone faftened to 
it, and thrown into the water. Fifhermen arc prohi- 
bited, on forfeiture of their lives, againtt fifhing in this 
diftrict. The pretence is the plague. This is the fe- 
cret hiftory of people being loft in Venice. 

“ The government, with age, grew feeble; was afraid 
• of the difcuffron of legal procefs and of public execu- 

tions ; and navigated this rotten Bucentaur of the A- 
dnatic by ipies, prifons, affaffmation, and the Canal’ 
Orfano.” 

This is indeed a frightful narrative, and, we doubt 
not, true as well as frightful; but when, from the ftate 
of the Venetian prifons, the author infinuates that 
Howard was not actuated by genuine benevolence, and 
infers, or wifhes his reader to infer, that the propofal of 
that celebrated philanthropift for fubftituting folitary 
confinement, in many cafes, for capital punifhment, 
muft have refulted from his not taking into confidera- 
tion the mind of the criminal—the infinuation, to fay 
the lead of it, is ungenerous, and the conclufion is at 
war with the premifes. That there was fomething ro- 
mantic and fuperfiuous in Howard’s wanderings, w*e 
readily admit ; but it feems impofiible to doubt of the 
reality of his benevolence'; and though the horrid pri- 
fon of Venice, into which, as the Doctor afTiires us, 
Mr Howard never entered, was calculated to injure the 
body without improving the mind of the criminal, it 
does not follow but that folitary confinement, under 
inch regulations as at Philadelphia, is the beft means 
that have yet been thought of for obtaining the objedt 
neareft Howard’s heart, the reformation of the morals 
of the criminal. 

PROCYON, in afironomy, a fixed ftar of the fe- 
cond magnitude, in Cam’s Minor, or the little Dog. 

PROSTHAPHERESIS, in aftronomy, the diffe- 
rence between the true and mean motion, or between 
the true and mean place, of a planet, or between the 
true and equated anomaly ; called alfo equation of the 
orbit, or equation of the centre, or limply the equation ; 
and it is equal to the angle formed at the planet, and 
fubtended by the eccentricity ot its orbit. 

PROTRACTING, or Protraction, in furvey- 
ing, the adt of plotting or laying down the dimenfions 
taken in the field, by means of a protradler, &c. Pro- 
tracting makes one part of furveying. 
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Protracting- Pin, a fine pointed pin or needle, fit- Pro’ran- 

ted into a handle, uftd to prick off degrees and minutes 
from the limb of the protradlor 

PRUNING. Under this title (Encycl.) it is ob-1 

fei ved, that when large branches of trees bearing ftone- 
frnit are taken off, the trees are fubjedt to gum and de- 
cay. For this a remedy has been invent'd, by Thomas 
Skip Dyot Bucknall, Efq; of Conduit-ftreet, which, not- 
withftanding many objedtions made to it at firlt, expe- 
rience has proved to be fuccefsful, and for the dsfcovery 
of which the Society for the Encouragement of Arts, 
See. voted the filver medal to the difeoverer. It is as 
follows : 

•Cut every branch which fhould be taken away clofc 
to the place of its feparation from the trunk ; fmooth 
it well with a knife ; and then with a painter’s brufh 
fmear the wound over with what Mr Bucknall calls me- 
dicated tar. This medicated tar is compofed of ore 
quarter of an ounce of corrofive fublimate, reduced to 
fine powder by beating with a wooden hammer, and 
then put into a three-pint earthen pipkin, with about 
a glafs full of gin or other fpirit, ftirred well together, 
and the fublimate thus diffolved. The pipkin is then 
filled by degrees with vegetable or common tar, and 
conftantly ftirred, till the mixture be blended together 
as intimately as poflihle ; and this quantity will at any 
time be fufficient for two hundred trees. To prevent 
danger, let the corrofive fublimate be mixed with the 
tar as quickly as poffible after it is purchafed ; for, be- 
ing. of a very poilonous nature to all animals, it fhould 
not be fuffered to lie about a houfe, for fear of mifehief 
to fome part of the family. 

By the application of this compofition, Mr Buck- 
nall can, without the fmalleft danger, ufe the pruning 
hook on all kinds of trees much more freely than we 
have recommended its ufe in the article referred to. “ I 
give no attention (fays he) to fruit branches, and wood- 
branches ; but beg, once for all, that no branch fhall 
ever be fhortened, unlefs for the figure of the tree, and 
then conftantly taken off clofe to the feparation, by 
which means the wound foon heals. The more the 
range of the branches fhoots circularly, a little inclining 
upwards, the more equally will the fap be diftribnted, 
and the better will the tree bear ; for, from that cir- 
cumftance, the fap is more evenly impelled to every 
part. Do not let the ranges of branches be too near 
each other ; £»r remember all the fruit and the leaves 
fhould have their full fhare of the fun ; and where it 
fuits let the middle of the tree be free from wood, fo 
that no branch (hall ever crofs another, but all the ex- 
treme ends point outwards.” 

PULO, the name of feveral iflands of Afia, in the 
Indian Ocean ; the principal of which alone, according 
to Dr Brookes, is inhabited. This is the ifland 

Puio-Condore, which, being vifited by Lord Ma- 
cartney as he failed to China, is thus deferibed by Sir 
George Staunton. “ It has the advantage of convenient 
anchoring places in either monloon. The fquadron ac- 
cordingly ftopped on the 17th of May, in a Ipacious 
bay on the ealtern fide of the ifland ; and came to an- 
chor at the entrance of its fouthern extremity, as the 
water fkoaled there to five fathoms and a half occa- 
fioned by a bank which ftretches acrofs two-thirds of 
the entrance. It was found ftfterwards, that beyond 
the bank there is a fafe paffage to the inner part of the 
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Palo, bay, the north of which is fiieltered by a final! ifland 
““"v lying to the eaftward. The whole of the bay is form- 

ed by four fmall iflands, which approach fo nearly to 
each other, as to appear, from feveral points, to join. 
They all feem to be the rude fragments of primitive 
mountains, ieparated from the great continent in the 
lapfe of time. The principal illand is eleven or twelve 
miles in length, and about three in breadth. It is in 
the form of a crefcent, and conlifts of a ridge of peak- 
ed hills. Its latitude, as calculated from a meridional 
obfervation, is 8° 40' north from the equator ; and its 
longitude, according to a good chronometer, is 105° 55' 
eafl from Greenwich. 

“ The Englifh had a fettlement on Condore until the 
beginning of the prefent century, when fome Malay fol- 
diers in their pay, in refentment for fome unjuflifiable 
treatment, murdered their fuperiorsr,, with the exception 
of a very few who efcaped off the ifland, where no Eu- 
ropeans have fince refided. At the bottom of the bay 
was a village fituated clofe to a fine fandy beach, with 
a long range of cocoa-nut trees before it, and it was 
defended from the north eaft fea by a reef of coral 
rocks, within which was good anchorage for fmall vef- 
fe!s, and an eafy landing for boats. A party went on 
ihore from Lord Macartney’s fquadron, with the pre- 
caution, however, oi being armed, as large canoes were 
efoied within the reef, which might have been Malay 
pirates. Several of the inhabitants came to the beach, 
and with the appearance of much urbanity of manners 
welcomed them on {bore, and condufted them to the 
houfe of their chief. It was a neat bamboo cabin, lar- 
ger than the reff. The floor was elevated a few feet 
above the ground, and ftrewed with mats, on which 
were aflembled as many men as the place could hold. 
It w;% apparently on the occafion of forne feilival, or 
pleafurable meeting. There was in one of the apart- 
ments an altar decorated with images, and the parti- 
tions hung with figures of monftrous deities ; but the 
countenances and deportment of the people conveyed 
no idea of religious awe, and no perfon vvas feen in the 
pofture of prayer or adoration. A few fpears flood 
againft the wall with their points downwards, together 
with fome matchlocks and a fwivel gun. The drefs of 
ihofe people was compofed chiefly of blue cotton worn 
loofely about them ; and their flat faces and little eyes 
denoted a Chinefe origin or relation. Several long 
flips of paper, hanging from the ceiling, were covered 
with columns of Chinefe writing. One of the miflio- 
naries, who was of the party, could not, however, in 
any degree, underftand their converfation ; but when 
tiie words were written, they inflantly became intelli- 
gible to him. Though their colloquial language was 
altogether different from what is fpoken in China, yet 
the charadlers were all Chinefe; and the faft was clear- 

Gy afeertained on this occafion, that thofc charadlers 
have an equal advantage withArabic numbers, of which 
the figures convey the fame meaning wherever known; 
whereas the letters of other languages denote not things 
but elementary founds, which combined varioufly toge- 
ther, form words, or more complicated founds, convey* 
ing different ideas in different languages, though the 
form of their alphabet be the lame. 

“ The inhabitants of Pulo Condore were, it feems, 
Cochin-Chinefe, with their defeendants, who fled from 
their own country, in confequence of their attachment 

to one of its fovereigns, dethroned by feveral of his PuL 
own fubjedls. It was propofed to purchafe provitions p n]|u3 
here ; and the people promifed to have the fpecified t;on 
quantity ready, if poflible, the next day, when it was 1 v -~-1 

intended, if the weather fhould be favourable, to land 
the invalids. The next morning was fair in the begin- 
ning ; and a party of pie a fare was made from the Him 
doftan to a fmall ifland clofe to Pulo Condore. They 
were fcarcely arrived upon it when t^ie weather began 
to lower ; and the boat fet off on its return, in order to 
reach the Ihip before the impending Itorm fliould be- 
gin* 

“ With difficulty it reached the Ihip ; and as foon as 
the weather became fair, melfengers were difpatched on 
fhore to receive and pay for the provifions promiftd. 
When they arrived at the village, they were aftonifhed 
to find it abandoned. The houfes were left open, and 
none of the effe&s, except fome arms, that had on the 
firlt vifit been perceived within them, or even of the 
poultry feeding about the doors, w’ere taken away. In 
the principal cabin a paper was found, in the Chinefe 
language, of which the literal tranflation purported, as 
nearly as it could be made, * that the people of the 
ifland were few in number, and veryr poor, yet honelt, 
and incapable of doing mifehief; but felt much tciror 
at the arrival of fuch great Ihips and powerful perfons, 
efpecially as not being able to fatisfy their wants in re- 
gard to the quantity of cattle and other provifions, of 
which the poor inhabitants of Pulo Condore had fcarce- 
ly any to fupply, and confequently could not give the 
expected facisfaiffion. They therefore, through dread 
and appreheniion, refolved to fly to preferve their lives. 
That they fupplicate the great people to have pity on 
them; that they left all they had behind them, an^ on- 
ly requefled that their cabins might not be burnt; and 
conclude by proftrating themlelves to the great people 
a hundred times.’ 

“ The writers of this letter had probably received iil 
treatment from other flrangers. It was determined that 
they fhould not continue to think ill of all who carne to < 
vifit them. On their return they were perhaps as much * 
furprifed to find their houfes ftxll entire, as their vifitors • 
had been who found they were deferted. Nothing was 
diflurbed ; and a imall prefent, likely to be acceptable 
to the chief, was left for him in the principal dwelling, . 
with a Chinefe letter, fignifying, that ‘ the fliips and ' 
people were Englilh, who ealied merely for refrefh-■ 
ment, and on fair terms of purchafe, without any iil in- 
tention ; being a civilized nation, endowed with prin- 
ciples of humanity, which did not allow them to plan- • 
der or injure others who happened to be weaker or ' 
fewer than themfelves.” 

Pulo l.ingcn, another of this clufter, is likewife a 
confiderable ifland, remarkable for a mountain in its 
centre, terminating in a fork like Parnaffus ; but to 
which the unpoetical feamen bellow the name of ajjes 
ears. Every day prefented nCw iflands to the view, 
difplaying a vaft variety in form, fize, and colour. 
Some ifolated, and fome collected in cluflers. Many 
were clothed with verdure ; fome had tall trees grow- 
ing on them ; others were mere rocks, the refort of in- 
numerable birds, and whitened with their dung. 

PUNCTUATION, in grammar, is an art with 
which we have laid, in the Encyclopaedia, that the an- 
cients were entirely unacquainted. Candour obliges us 

to • 
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to confefs that this was faid rafhly. A learned writer, in 
'the. Monthly Magazine for September 1798, who fub- 
feribes J. War.bur.ton, has proved, we think complete- 
ly, that the art is not wholly modern ; and we (hall lay 
his proofs, in his own words, before our readers. 

“ Some fpecies of paufes and divifions of fentences 
in fpeaking and writing mull have been coeval with the 
knowledge of communicating ideas by found or by fym- 
bols. Suidas * fays, that the period and the colon were 
dilcovered and explained by Thrafymacus, about 380 
years before the Chriftian sera. Cicero f fays, that 

'Thrafymacus was the firft who ftudied oratorical num- 
bers, which entirely confided in the artificial ftrudture 
of periods and colons. It appears from a paffage in 
Arillotle J, that punftuation was known in his time. 
The learned Dr Edward Bernard § refers the know- 
ledge of pointing to the time of that philofopher, and 

.fays, that it confided in the different pofitions of one 
{ingle point. At the bottom of a letter, thus, (A.), 
it. was equivalent to a comma ; in the middle (A*) it 
was equal to a colon; at the top (A') it denoted a 
period, or the conclufion of a fentence. 

“ This mode was eafily praftifed in Greek manu- 
feripts, while they were written in capitals. But when 
the fmall letters were adopted, that is, about the 9th 
century, this diftin&ion could not be obferved ; a 
change was therefore made in the fcheme of punctua- 
tion. Unciales lileras hodierno ufu dicimus eas in 'vetujlis 
codicibus, qua prifeam formam fervanl, ac Joint a funt, nec 
mutuo colligantur. Hujus modi liter# unciales olfervan- 
tur in libris omnibus ad nonum ufque faculum.—Montf. 
Palasog. Recens, p. xii. 

“ According to Cicero, the ancient Romans, as well 
as the Greeks, made ufe of points He mentions them 
under the appellation of Ubrariorum note ; and in feve- 
ral parts of his works he fpeaks of ‘ interpunda clau- 
fula in oralionibusP of ‘ claufuhz atque interpunCta vtr- 
borumj of ‘ interpundiones 'verborumP &c. *. 

“ Seneca, who died A. D. 65, exprefsly fays, that 
Latin writers, in his time, had been ufed to punctua- 
tion. * Nos cum feribimus interpungere confuevimus 
Muretus and Lipfius imagined that thefe words alluded 
to the infertion of a point after each word : but they 
cetainly were miftaken ; for they muff neceffarily refer 
to marks of pun&uation in the divifion of fentences, 
becaufe in the paffage in which thefe words occur, Se- 
neca is fpeaking of one Haterius, who made no 
paufes in his orations. 

“ According to Suetonius, in his Illujl. Gram. Vale- 
rius Probus procured copies of many old books, and 
employed himfelf in corre&ing, pointing, and illuftra- 
ing them ; devoting his time to this and no other part 
of grammar. Muita exemplaria contrada emendare, ac 
di/linguere et adnotare curavit; foil huic, nec ulli praterea^ 
grammatices parti deditus. 

“ It appears from hence, that in the time of Probus, 
or about the year 68, Latin manuferipts had not been 
ufually pointed, and that grammaiians made it their bu- 
fmefs to fupply this deficiency. 
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“ Quintilian, who wrote his celebrated treatife on 

Oratory about the year 88, fpeaks of commas, colons, t,on 

and periods ; but it muft be obierved, that by thefe pyr|les< 
terms he means claufes, members, and complete fenten- —v—k 
ces, and not the marks of punCIuation £. { ^uint. 

A.D. 340. 
“ JElius Doriatus $ publifhed a treatife on Grammar1, 

in the 4th century, in which he explains the dijlindio, 
the media ciijiindio, and the fuldi/lindio ; that is, the ufe 
of a fingle point in the various pofitions already men- 
tioned. 

“ Jerom*, who had been the pupil of Donatus, in* Hieron. 
his Latin Verfion of the Scriptures, made ufe of cer-Prxf' ln E' 
tain diftin&ions or divifione, which he calls cola and^ -^' 
commata. It has, however, been thought probable, in Jofuam, 
that thefe divifions were not made by the addition of wni, iii, 
any points or flops; but were formed by writing, ini’,a('‘ 
one line, as many words as conffituted a claufe, equi- 
valent to what we dillinguifh by a comma or a colon. 
Thefe divifions were called or pn/a-ctT?.; and had 
the appearance of fiiort irregular verfes in poetry. 
There are fome Greek manuferipts ftill extant which 
are written in this manner j-.” f. ride 

Mr Warburton fays, that the bell treatife upon pane- ''LOntf 
tuation that he has feen, was publilhed fome years fince lik 
by an anonymous author, and dedicated to Sir Clifton hi. c. 4. 
Wintringham, Bart. With that treatife we are not 
acquainted ; but we do not think that the art of punc- 
tuation can be taught by rules. The only way to ac- 
quire it is to obferve attentively how the moll perfoi- 
cuous writers difpofe of their yeriods, colons, femieolons, 
and commas. This will make us acquainted with the 
importance of each ; and then every writer, who knows 
his own meaning, mult be capable of pointing his own 
pages more correctly than any other man. 

PYRAMIDOID, is fometimes ufed for the para- 
bob'c fpindle, or the folid formed by the rotation of a 
femiparabola about its bafe or greateft ordinate. See 
Parabolic Spindle. 

PYRITES. See Mineralogy in this Supple- 
ment.~\n the third volume of Mr Nicholfoii’s Phi- 
lofophical Journal, we have a method of making arti- 
ficial pyrites, which we lhall give in the words of the 
author. 

“ I impregnated water (fays he) very ftrongly with 
carbonic acid, and introducing fome iron filings, I con- 
tinued the impregnation for a day or two, and after- 
wards allowed the water to Hand in a well-corked bottle 
for fome days, till the acid had taken up as much iron 
as pofiible. I then poured it into an aerating appara- 
tus ; threw up the hepatic gas from fulphuret of potaih 
and fulphuric acid; and after having agitated the water 
till it had got a good dofe of the gas, I poured the 
water into a large bafon : this was in the evening, and 
next morning when I looked at it, I found it covered 
with a pretty thick film of a molt beautiful variegated 
pyrites. I had fo little of it, that the only proof I had 
of its being this fubllance was, that it was ignited on 
ts being placed on a hot poker.,, 

QUADRATURE, 
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QUADRATURE, in geometry (fee that article, 
and likewife Fluxions, Encyci.), has employed 

the time and ingenuity of fome of the moil eminent 
mathematicians both ot ancient and of modern times. 
Dr Halley’s method of computing the ratio of the dia- 
meter of the circle to its circumference, was confidered 
by himfelf, and other learned mathematicians, as the 
eafieil the problem admits of. And although, in the 
courfe of a century, much eafier methods have been 
difcovered, ilill a celebrated mathematician of our own 
times has expreifed an opinion, that no other aliquot 
part of the circumference of a circle can be fo eaiily 
computed by means of its tangent as that which was 
chofen by Dr Halley, viz. the arch of 30 degrees. 
Without taking upon him to determine whether this 
opinion be jull or not, the Rev. John Hellins has (hewn 
how the feries by which Dr Halley computed the ra- 
tio of the diameter to the circumference of the circle 
may be transformed into others of fwifter convergency, 
and which, on account of the fucceflive powers of 
which occur in them, admit of an eafy fummation. 
We fhall give the memoir in the author’s own words. 

1 • The propofed transformation is obtained by means 
of different forms in which the fluents of fome fluxions 
may be expreffed ; and to proceed with greater clear- 
nefs, “ I will here (fays Mr Hellins) fet down the 
fluxion in a general form, and its fluent, in the two fe- 
ries which are ufed in the following particular inftance, 
and may be applied with advantage in fimilar cafes. 

“ 2. The fluent of   * * + 

1 —xn m '1 
xm+3n 

vi 4- « ' 

&c. which feries, being of the limpleft form 

which the fluent feems to admit, was firll difcovered, 
and probably is the moft generally ufeful.’ But it has 
alfo been found, that the fluent of the fame fluxion may 
be expreffed in feries of other forms, which, though 
lefs Ample than that above written, yet have their 
particular advantages. Arnongft thofe'other forms of 
feries which the fluent admits of, that which fuits 

xm nxm+n 

my prelent purpole is ——  —  —— | 

n. 2 n. 2cm+2” 
m. 1 —x’ m. m-\-n. 1 —xn\ 

. 2u. 3«.jcm+3 

m.m+n.m-\-2n.l—xn|3 m.m + n m + 2n.m-\-$n. 1—xnl4 

+ &c. which, to fay nothing of other methods, may 
eaflly be inveftigated by the rule given in p. 64. of the 
third edition of Emerfon's Fluxions; or its equality with 
the former feries may be proved by algebra. 

“ 3. On account of the flgn — before in the laft 
feries, it may be proper to remark, that its convergency, 

by a geometrical progreflion, will not ceafe till —   
1 —xn 

becomes = 1, or * becomes = "y'T ; and that when w 
is a fmall quantity, and n a large number, this feries 
will converge almoft as fwiftly as the former. For in- 
ftance, if # be = -v/J, an^ « = 8, which are the values 
in the following cafe, jthe former feries will converge by 
the quantity *" = a/J-)8, = ¥*T, and this feries by the 
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quantity Tr 
I — 1 — yjy 5 fir 

&c. terms of the feries 

n. 2 n 
T  —■=- 

m. m -j- n. m 4“ 2 w. 1 — * | 
refpedtively, the feries will be expreffed in the con- 
cife and elegant notation of Sir Ifaac Newton, viz. 

nzA 2«aB 3n»C 
m. .1 — xn m 4-«"^"w + 2n m ^£C‘ 
is well adapted to arithmetical calculation. 

“ 6. I come now to the transformation propofed, 
which will appear very eafy, as foon as the common fe- 
ries, exprefling the length of an arch in terms of its tan- 
gent, is properly arranged. 

“ If the radius of a circle be 1, and the tangent of 
an arch of it be called t, it is well known that the length 

ft jii 
of that arch will be = t 4-— 4.— gcc< 

Now, if the affirmative terms of this feries be written in 
one line, and the negative ones in another, the arch 
will be 

ts t9 t'* t'7 

' + 7+9 + Fi+^+ &c- 
i3 t1 tlt tls t'9 

3 7 *15 19"” 
And if, again, the Aril, third, Afth, &c> term of each 
ot theie feries be written in one line, and the fe- 
cond, fourth, Axth, &c. in another, the fame arch will 
be expreffed thus : 

1 + 
t9 t'7 t** t33 

9 +i7+27+33+ &C‘ 
t*1 t79 t37 

8cc‘ - 4-- . 
5 13 2i 29 * 37 
t3 t" t79 T77 T33 

7+tt+^+I7+J7+^. 
t7 t15 t73 t3' t39 

7+0+^+?7+39+&C- 
All which feries are evidently of the Arft form in ar- 
ticle 2. and therefore their values may be expreffed in 
the fecond form there given, or more neatly the New- 
tonian notation mentioned in art. 5. In each of thefe 
feries the value of« is 8 : 

3 C 

Quadra- 

where the difference 
in convergency will be but little, and the diviAons by 
8c eafler than thofe by 81. 7 

“ 4. Vi'ith refpedt to the indices m and n, as they are 
heie fuppoled to be affirmative whole numbers, and will 
be fo in the ufe I am about to make of them, the read- 
er need not be detained with any obfervations on the 
cafes in which thefe fluents will fail, when the indices 
have contary Agns. 

“ 5. It may be proper further to remark, that by 
xn ‘ 

putting-^———zr and calling the flrft, fecond, third. 

w. 1 — xn m, m 4- «. 1 — x''|* 

=Ti + &c. A, B, C, &c. 

And 
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fin the firft ferles, is t ; 

I in the fecond feries, is 5 ; 
I in the third feries, is 3 ; 
l in the fourth feries, is 7. 

_ „„„ we take t j= \/ \, the tangent of 30°, 
which was chofen by Dr Halley, we {hall have the atch 
at 30° 

CL 

And the value of m,- 

If 
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QujDRArvRE Lines, or Lines of Quadrature, are two 

lines often placed on Gunter’s fedor. They are mark- 
ed with the letter Q^, and the figures 5, 6, 7, 8, 9, 

of which (^denotes the fide of a fquare, and the 
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Queue, 

39.8 

Six times this quantity will he rr the femicircumfe- 
rence when radius is 1, and ~ the whole circumference 
when the diameter is 1. If therefore we multiply the 

laft feries by 6, and write v'12 ex^re*S 

their value in the form given in art. 5. we fhall have 
the circumference of a circle whofe diameter is 1, 

+ 

8l</l2 
80 

81 </12 

8 A 16B 
9.80 17.80 
8 A 16B 

24C , 32D 
25.80 
24C 

+ 33-Ho’ 
32D 

y.Q.8o i3.8o~^2i-8o 29.80 37-80’ 

&c. 

&c. 

8V12 8A 16B 24C 32D 

3-3-80 

81^12 
11.80 

8 A 
19.80 
16B 

27.80 
24C 

35.8°’ 
32D 

7.27.80 15.80”* 23.80 3i.8o"r 39.80’ 

&c. 

&c. 

“ 7. All thefe new feries, it is evident, converge 
fomewhat fwifter than by the powers of 80. For in the 
firft feries, which has the Howelt convergency, the co- 
efficients 4,44, &c-.are each of

r
th"m k

l
fs th

u
an;5 

fo that its convergency is fomewhat fwifter than by the 
powers of 80. * . 

“ 8. But another advantage of thefe new leries is, 
that the numerator and denominator of every term ex- 
cept the firft, in each of them is divilible by 8: in con- 
fequence of which the arithmetical operation by them 
is much facilitated, the divifion by 80 being exchanged 
for a divifion by 10, which is no more than removing 
the decimal point. Thefe feries, then, when the fac- 
tors which are common to both numerators and denomi- 
nators are expunged, will ftand as below (each of which 
ftill converging fomewhat quicker than by the powers 
of 8c), and we ffiall have the circumference of a circle 
whofe diameter is 1, 

81 v712 A B 3c , m 

r + 

= 

80 
9*/12 

9.10 
A 

17.ro 
2B 

25. IO 
3C 

+ 33-10’ 
4D 

400 14.IQ ‘ 21.10 29.10 37-10 

&c. 

&c. 

_ 

9V12 

' 80 
3X/I2 

A 2 B 3C , -aP 
n.ro 

A 
7.80 15.10*^ 23.10 31.10* 39-10' 

19. to 
2B 

27.10 
3C 

+ 35-10 

4D 

&c. 

&c. 

“ By which feries the arithmetical computation will 
be much more eafy than by the original feries.” 

figures denote the fides of polygons of 5, 6, 7,_ &c. 
fides. Alfo S denotes the femidiameter of a circle, 
and 90 a line equal to the quadrant or 90° in circum- 
ference. . ,. ... 

QUADRIPARTITION, 18 the dividing by 4, or 
into four equal parts. Hence quadripartite, &c. the 
4th part, or fomething parted into four. 

OUADRUPLF, is four fold, or fomething taken 
four times, or multiplied by 4 5 ^nd fo is the converfi. 
of quadripartition. 

QUART, a meafure of capacity, being the quarter 
or 4th part of fome other meafure. The Englifti quart 
is the 4th part of the gallon, and contains two pints. 
The Roman quart, or quartarius, was the 4th part of 
their congius. The French, befides their quart or pot 
of two pints, have various other quarts, diftinguifhed 
by the whole of which they are quarters ; as quart de 
muid, and quart de boi/feau. 

QUARiTJLE, an afpeft of the planets when they 
are ut the diftance of three figns or 90° from each other; 
and is denoted by the charafter □. 

QUELPAERT, ah ifland lying in the mouth of 
the channel of Japan, and fubjedt to the king of Corea 
(See that article Encycl.) Till the laft voyage of La Pe- 
roufe, this ifland was known to Europeans only by the 
wreck of the Dutch fhip Sparrow-hawk in 1635. On 
the 21 ft of May 1787, the French Commodore made 
this ifland, and determined the fouth point of it to be 
in Lat. 330 14' north, and in Lon. 1240 15' eaft from 
Paris. He ran along the whole fouth-eaft fide, at fix 
leagues diftance, and fays that it is fcarcely poffible to 
find an ifland which affords a -finer afpeft ; a peak of 
about a thoufand toifes, which is vifible at the diftance 
of eighteen or twenty leagues, occupies the middle of the 
ifland, of which it is doubtlefs the refervoir ; the land 
gradually Hopes towards the fea, whence the habitations 
appear as an amphitheatre. T. he foil feemed to be cul- 
tivated to a very great height. By the affiftance of 
glades was perceived the divifion of fields ; they were_ 
very much parcelled out, which is the ftrongeft proof 
of a great population. The very varied gradation of 
colours, from the different ftates of cultivation, render- 
ed the view of this ifland ftill more agreeable. Unfor- 
tunately, it belongs to a people who are prohibited 
from all communication with ftrangers, and who detain 
in flavery thofe who have the misfortune to be fliip- 
wrecked on thefe coafts. Some of the Dutchmen of 
the (hip Sparrow-hawk, after a captivity of eighteen 
years there, during which they received many baftina- 
does, found means to take away a bark, and to crofs 
t° Japan, from which they arrived at Batavia, and af- 
terwards at Amfterdam. 

QUEUE d’aronde, or Swallow's Tail, in fortifi- 
cation, is a detached or outwork, whole fides ipread 
or open towards the campaign, or draw narrower and 
clofer towards the gorge. Of this kind are either Angle 
or double tenailles, and fome horn-works, whofe fides 
are not parallel, but are narrow at the gorge, and open 
at the head, like the figure of a fwallow’s tail. On the 
contrary, when the fides are lefs than the gorge, the 
work is called contre queue d’aronde. 

Quevs 



tjueuei 
Quinta', 

U I 
Qubub (Parotide, in carpentry, R method of jointing, 

called alfo dove-tailing. 
1 QUINTAL, the weight of a hundred pounds, in 
moft countries : but in England it is the hundred 
weight, or 112 pounds. Quintal was alfo formerly 
ufed for a weight of lead, iron, or other common metal, 
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at 6 feore to the Quintile. ufually equal to a hundred pounds, 

hundred. 
QUINTILE, in aftronomy, an afpedt of the planets 

when they are diftant the yth part of the zodiac, or 7* 
degrees ; and is marked thus, C, or O. 

R. 

Rachitis. T> ACHITIS, Rickets (See Medicine./«^x, En- 
,   1V , is a difeafe fo formidable to children that 

we believe no parent will think the following abilract 
of Bonhomme’s memoir on the nature and tieatment of 
it too long even for this Supplement. 

The change which the bones undergo in this dif- 
order, has long been attributed to the aftion of an acid 
on their fubftance ; but this fuppofition was grounded 
on mere conjecture and remote analogy. Bonhomme 
holds the fame opinion on better grounds; and the 
principal notions which conllitute the balls of his me* 
moir are the following : 

x. According to him, the nature of the rachitic dif- 
order arifes, on the one hand, from the developemeut of 
an acid approaching in its properties to the vegetable 
acids, particularly the oxalic \ and, on the othei, from 
the defedt of phofphoric acid, of which the combination 
with the animal calcareous earth forms the natural bafis 
of the bones, and gives them their folidity. Whence 
it follows, that the indication refulting from this propo- 
fition, if once adopted, would be, that the treatment of 
rachitis mull depend on two principal points, namely, 
to prevent the developement of the oxalic acid, and to 
re-eftablilh the combination of the phofphoric acid with 
the bafis of the bones to which they owe their folidity. 

2. The author proves, by experiments and obferva- 
tions, in the firft place, that alkaline lotions of the 
parts affedted with rachitis contribute to their cuie j 
next, that the calcareous phofphate taken internally is 
really tranfmitted by the lymphatic palfages, and con- 
tributes to oflification ; and, lallly, that the internal ufe 
of calcareous phofphate, whether alone or combined 
with the phofphate of foda, powerfully contributes to 
reftore the natural proportions in the fubitance of the 
bones, and accelerate the cure of rachitis. 

With regard to the author’s endeavours to prove 
that the calcareous acid is wanting in the bones of thole 
who are difordered with rachitis, and that the develope- 
ment of oxalic acid contributes to the difeafe, we mull 
not conceal that his memoir contains views rather than 
abfolute proofs of thefe two politions, He declares, 
himfelf, he was not provided with the necelfary means 
to eftablilh an exadl and complete analyfis. He there- 
fore prefents his ideas, in this refpedt, merely as conjec- 
tures approaching to the truth. 

The effedt of the adlion of acids upon bones was be- 
fore known ; that is to fay, that when deprived of cal- 
careous phofphate, and reduced to the gelatinous paren- 
chyma which forms one of their elements, they lofe 

their confiilence, and become flexible. Hence it was Rachitis, 
already conjectured by various phyficians, that the ra- —v—' 
chitis was the effedt of a peculiar acid. 

A difpofition to afcefcence in the firll paflages is ob- 
fervable in all infants. The odour which charadterizes 
this acefcence is often manifell in their breath, and even 
their perfpiration. The bile corredts this difpolition ; 
but in general the bile is wanting in rachitic infants. 
It does not colour their excrements, and the acids ac- 
cordingly are developed in a very decided manner. 
They dilturb the circulation, and attack and foften the 
bones. As it is by defedl of animahzation that thefe 
acids develope themfelves, it follows that their charadler 
is analagous to the fermentefcible vegetable acids, and 
more or lefs to the oxalic acid ; and that, on the con- 
trary, the animal acid or phofphoric acid ceafes to be 
formed, and to unite with the animal calcareous earth; 
whence they are deprived of the principle of their foli- 
dity. This is the theory of Citizen Bonhomme. 

In order to eltablilh this do&rine upon precife expe- 
riments, it was requifite to analyfe rachitic bones com- 
paratively with thofe of healthy individuals of the fame 
age ; and as it is known that the urine of rachitic fub- 
jedls depofites a great quantity of a fubftance of fparing 
folubility and earthy appearance, it would have been 
advantageous to have joined a complete analyfis of this 
urine and its fediment. Citizen Bonhomme, not being 
provided with the means fufficient to make thefe ana- 
lyfes, and being befides of opinion that fuch rachitic 
bones as are deftroyed by this malady exift in a pro- 
greflive ftate of change, which might render their ana- 
lyfis fcarcely fufceptible of comparifon, limited himfelf 
to a colledlion of fome of the moft remarkable pheno- 
mena ot the urine, of the aged, the adult, and infants 
in the healthy ftate, of infants in the rachitic ftate, and 
of patients after the perfect cure of this diforder. From 
thefe obfervations he has deduced feveral important re- 
fults. 

It is known, that when the urine contains difengaged 
phofphoric acid, as happens to aged individuals, and in 
fome peculiar circumftances of the fyftem/«if lime water 
be poured in, there is a fpeedy depofition of calcareous 
phofphate. It is alfo known, that when a folution of 
the nitrate of mercury is poured to the frefh urine of 
adults, a rofe-coloured precipitate is formed, which is 
a phofphate of mercury produced by the decompolition 
of the phofphates contained in the urine. Thefe two 
proofs are therefore extremely proper to afeertain the 
prefence of phofphoric acid, whether free or combined, 
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Rachitis, in a fluid which in its natural ftate contains a remark- 
—-v able proportion. Befides this principle, the urine de- 

pofits more or lefs of fediment, either gelatinous or of 
an earthy appearance ; and, laitly, by evaporation, a fa- 
ponaceous and faline extradf, in greater or lefs abun- 
dance, is obtained by evaporation. By means of thefe 
four methods of examination, the author has afcertained 
the following fadts : 

1. In the healthy ftate, the fediment naturally depo- 
fited by urine is almoft totally gelatinous in the infant 
and the adult, and in the aged individual it is furchar- 
ged with an abundant fediment of an earthy appearance 
fimilar to the earth of bones, which confequently is 
calcareous pbofphate. 2. The quantity of browm fa- 
ponaceous faline extraft afforded by evaporation is 
greater in proportion to the age. 3. The prefence of 
difengaged phofphoric acid, as {hewn by lime water, is 
none in the urine of infants, fcarcely perceptible in that 
of adults, but very remarkable in that of old men. For 
two ounces of this laft urine afforded by this means ten 
grains of phofphate of lime. 4. The decompofition of 
the phofphates by nitrate of mercury is not feen in the 
urine of infants ; an abundant precepitate of a light 
rofe-colour is produced in this way from the urine of 
adults ; and in that of old men this precipitate is al- 
ways of a grey colour, and very abundant. Hence Ci- 
tizen Bonhomme concludes, that the phofphoric acid, 
whether at liberty or combined, does exift in the urine 
of healthy individuals in proportion to the deftrudlion 
of the folids by age, and that it increafes with the age. 

With regard to the urine of rachitic fubjetts, the 
moft remarkable fads are, 1. The abundant and appa- 
rently earthy fediment it depofits (fpontaneoufly ) is dif- 
ferent from that of old men, by its colour, which is 
grey, and does not refemble phofphate of lime, and alfo 
by its much greater quantity. For a pound of this 
urine let fall two gros, whereas the fame quantity of 
the urine of old men depolited only 45 grains. 2. The 
extract left by evaporation is likewife much more con- 
fiderable than in other urine. It is one third more in 
quantity than the extract afforded even by the urine of 
aged perfons. 

From thefe two firft obfervations it follows, that the 
folids in rachitic fubjedls are deftroyed with much more 
rapidity than even in old men ; and that they afford a 
much more abundant portion of watte to the urine. 

3. The light depofition occafioned by lime water in 
the urine of rachitic fubje&s is very fmall in quantity, 
brown, gelatinous when frefh, and pulverulent when 
dry. It does not at all refemble calcareous phofphate. 
4. The depolition formed by the folution of mercurial 
nitrate is not abundant, neither of a rofe colour as in 
the urine of adults, nor grey like that of old men. It 
is always white, and confequently has no external re- 
femblanee to the phofphate of mercury. The author 
affirms that it refembles a mercurial oxalate. Laftly, 
the urine of the fame rachitic fubjetts, when cured, ex- 
hibits again all the characters obferved in the urine of 
healthy children. We ftiall not add to the refle&ions 
of the author. In effeft, though thefe lirft obferva- 
tions are curious, they are incomplete. We offer them 
to phyficians fimply as the elements of an inveftigation 
which it is of importance to continue and bring to per- 
fection. We fhall therefore proceed to the curative and 
experimental parts of the memoir. 

One of the fads which it was of the utmoft import- Rarhiti*, 
ance to eftabliffi, was the tranfition of the calcareous 
phofphate from the inteftinal paffages, into thofe of cir- 
culation and fecretion. Fourcroy had already well af- 
certained that the ferum of milk contains this fait na- 
turally. Vauquelin had proved its exiftence, as well 
as that of pure foda, in the feminal fluid 5 but was it 
poffible that it could pafs unaltered from the ftomach 
and inteftines into the veffels which contain the blood 
and lymph ? Could it by this means apply itfelf to the 
bones ? This was to be afcertained by experiments ; 
and the following are the experiments made by Bon- 
homme for that purpofe. We give them in a tranfla- 
tion of his own words. 

“ I caufed (fays he) feveral young fowls of the fame 
incubation to be fed in different manners. Some re- 
ceived the ufual food without any mixture ; others re- 
ceived daily a certain quantity of calcareous phofphate 
mixed in the fame pafte as formed the fupport of the 
others ; and, laftly, one of them was fed with variations 
in the ufe of the mixture; the calcareous phofphate 
was fometimes given and fometimes fufpended. When 
thefe fowls, after two months, had acquired their ordi- 
nary growth, I examined and carefully compared the 
ftate of their bones. The progrefs of the offification 
in the epiphyfes was various according to the nature of 
the food the animal had received. The bones of the 
laft fowl, which had received the phofphate only from 
time to time, were rather more advanced than the 
bones of thofe which had been fed without mixture. 
The bones of thofe fowls which had been habitually 
fed with the mixture were evidently more folid, and 
their epiphyfes were much lefs perceptible. Simple in- 
fpedtion was fufficient to ftiew thefe differences when 
the bones were mixed together. 

“ I had fed feveral young fowls of the fame incuba- 
tion according to another plan. Some were fed on a 
fimple pafte, without mixture; for others it was mixed 
with pulverifed madder-root; and a third compofition 
was made of this laft pafte and calcareous phofphate. 
This was alfo given habitually to other fowls. When 
after two months I examined the progrefs of offiftca- 
tion in the bones of thefe different animals, I eafily 
perceived the red traces of the madder in the offified 
parts of all thofe which had ufed it ; but 1 obferved, 
that the offification was not more advanced by the fim- 
ple mixture of this root than by the ordinary food : on 
the contrary, the bones of thofe fowls which had fwal- 
lowed the phofphate mixed with madder were much 
more folid than the others. The red colour ferved ad- 
mirably to d'ftinguifli the extremities of the long bones 
from their epiphyles. After an exadf comparifon, there 
could be no doubt of the efficacy of calcareous phofphate 
in favour of the progrefs of offification. The virtue of 
the madder feemed confined to that of giving colour to 
the offified parts.” 

From thefe experiments, it was natural to make the 
trial of calcareous phofphate in addition to the reme- 
dies made ufe of in the treatment of rachitic fubje&s. 
Here follows what the author himfelf fays of two re- 
markable inftances in which the calcareous phofphate 
was adminiftered with fuccefs : 

“ The daughter of Mr Ranchon watch-maker, aged two 
years and a half, walked with a feeble and tottering pace, 
and the extremities of all her bones prefented epiphyfes 

. verY 
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Rachitis, very prominent. In this fituation fhe exhibited the ap- 

pearance of imperfedl rachitis, or the firft period of 
this diforder. Alkaline lotions, which I immediately 
advifed, were attended with a good effedf. • Her deep 
became more firm ; and as the firlt paffages were in a 
good (late, I gave, without internal preparation, one 
fcruple of a mixture of equal parts of pholphate of 
lime and phofphate of foda twice a day. In the courfe 
of three weeks her legs were perfectly reltored ; and 
this amiable infant has ever fmce liad the fatisfadtion to 
run with fpirit and agility. 

“ A female infant, ot the name of Boiard, aged four 
years, had experienced from her birth the molt decided 
fymptoms of rachitis. The protuberance of the epi- 
phytes and tumefadtion of the abdomen firli indicated 
the difeafe. The impoffibility of fupporting herfelf 
and walking at the uiual age confirmed thefe unfortu- 
nate fymptoms. By degrees the glands of the neck 
and of the mefentary became fwelled ; the teeth were 
blackened, became carious, and were not replaced. 
This fituation became Hill more afflidtiug by crifes al- 
moll periodical at an interval of three or four weeks. 
At thefe afflicting periods, a fever of confiderable 
ftrength, cardialgia, and even convulfions, particularly 
in the night, were obferved. The termination of each 
paroxyfm was announced or afeertained by abundant 
ftools, and the evacuation of urine ftrongly charged 
with an earthy fediment. The imprudent exhibition 
of a purge at the beginning of one of thefe crifes had 
nearly deprived the patient of her life. In this date it 
was that I beheld her for the firft time in the month of 
January 1791. The alkaline lotion was the only re- 
medy the mother adopted in the firft inftance, and it 
produced a remarkable effedt. After eight days the 
infant was fo much better as to be able to fupport her- 
felf. The remedy was then laid alide, and eight days 
afterwards the child was incapable of Handing without 
fupport. The ufe of the alkaline folution being re- 
newed, was attended with the fame fuccefs, and its dif- 
continuance was again followed by the complete return 
of all the fymptoms. In the firft days of March, the 
other remedies I had advifed were exhibited. The 
conftipation which had always exifted became lefs, and 
the following crifis was effedfed without pain. And 
at length the convulfions, the pains, and the crifes dis- 
appeared ; but the impoffibility of walking ftill remain- 
ed. At this time, namely, on the fecond of May, I 
gave the child the phofphate of foda and calcareous 
phofphate mixed together, in the dofe of half a dram 
twice a-day\ At the end of the month fhe was able 
to ftand upright, leaning againft a chair, and the fwell- 
ings began to diminifh. She conthiued for a long time 
afterwards to take the mixture of the phofphates. I 
likewife gave her occafionally one grain of the extradf 
of bile, prepared with fpirit of wine ; and at length in 
the month of July I had the pleafure to fee the patient 
run and play in the middle of the ftreet with the other 
children of her own age, &c.” 

The author gives other inftances of this medicine be- 
ing adminiftered with complete fuccefs to rachitic chil- 
dren, and one in which it was attended with the beft 
effedts in a cafe of incurvated fpine. Thefe it is need- 
lefs to infert, beeaufe we truft that none of our lefs 
learned readers will have recourfe to the medicine with- 
out the advice of a pbyfxcian j and to him an enumera- 

tion of cafes could ferve no purpofe. It may be pro- 
per, however, as alkaline lotions and their beneficial ef- 
fects are mentioned, to give here the author's account 
of the lotion which he ufed. 

“ In ordinary cafes of rachitis, particularly at the 
commencement of the difordtr, it is of advantage to ufe 
a fimple folution of pot-afn to wadi the parts affe&ed. 
This folution is made by diffolving from half an ounce to 
an ounce of purified pot-afii in a pound of diftilled or 
very pure fpring-water. When it is to be ufed, the 
Ik in muft firft be rubbed with a dry cloth, or a piece of 
fine flannel. After this precaution, the difeafed extre- 
mities are to be waffled carefully with the warm folu- 
tion, and at length wiped, fo as to leave no trace of 
moifture. This practice and waffling muft be repeated 
at leaft twice a-day. I can affirm, from repeated trials, 
that it will foon be attended with fuccefs.” 

In a note on this paflage, M. Halle, who analyfed 
the memoir at the defire of the Society of Medicine at 
Paris, juftly observes, that as pure potafs, or the vege- 
table alkali, is a moft powerful cauftic, it cannot be 
ufed in thefe proportions ; adding, that he found one- 
eighth part of the fait here indicated to form too ftrong 
a lotion for the {kin of an infant. M. Bonhomme, up- 
on enquiry being made, informed him that the potafs 
which he ufed was that of the drops, which is very far 
from being pure ; and Mr Nicholfon coojedtures that it 
was the common fait of tartar of our {hops. This, we 
think, extremely probable, efpecially as M. Bonhomme 
afiures us that even a lixivium of wood-affles, fuch as is 
ufed for waffling fine linen, may anfwer the purpofe ex- 
tremely well. 

For a fuller account of this interefting memoir our 
readers are referred to the 17th volume of the jlnnals 
de Chimie, or to the firft volume of Nicholfon''s Philofo- 
phical 'Journal. 

RAJA, the rayffh. See Encyclopedia, where it is 
faid that the oxyrinchus or ftiarp noled ray, is fuppoied to 
be the Los of the ancients ; but if there be any truth ia 
the following narrative, which w e confefs has much the 
air of fiction, this is probably a miftake. It is the nar- 
rative of Vaillant, and we fflall give it in his own w-ords. 

“ In the latitude of io° 15' north, and longitude 3 ^5 
an enormous flat fiffl of the ray genus (fays he), came 
and fwam round our veffel. It differed from the com- 
mon ray, however, in the fflape of its head, which, in- 
ftead of being pointed, formed a crefcent, and from the 
extremities of the femicircle iffued twm arms as it were, 
which the failors ex’lied horns. They w'ere two feet 
wide at the bafe, and only five inches at the extremity. 
This mender they told me was called the fea-devil. 

“ A few hours after, we law two others with this, 
one of which was fo extremely large, that it wras com- 
puted by the crew to be ffty or fxiy feet wide. Each 
iwam feparately, and was furrounded by thofe fmall 
fiffl which ufually precede the (hark, and which are 
therefore called by feamen pilot-fjlo. Laftly, all three 
carried* on each of their horns a white fiffl, about the 
fize of a man’s arm, and half a yard long, which ap- 
peared to be ftationed there on duty. 

“ You would have faid they were two fentinels pla- 
ced to keep watch for the fafety of the animal, to in- 
form him of any approaching danger, and to guide his 
movements. If he approached too near the veffel, they 
quitted their pods, and, fwimming brifldy before, led 
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him away. If he rofe too high above the water, they 
pafled backward and forward over his back till he had 
defcended deeper. If, on the contrary, he fwatn too 
low, they difappeared, and we faw no more of them, 
becaufe, no doubt, they were pafling underneath, as in 
the preceding inftance they had pafled above him. Ac- 
cordingly we found him reafcend towards the furface, 
and then the two fentinels reaflumed their polls, each 
on his horn.” 

Thefe manoeuvres continued three days; and to give 
our author the better opportunity of obferving them, 
the Ihip moll fortunately was becalmed the whole time. 
He was natuvally very defirous of catching one of them 
that he might examine it at leifure; and, by bribing the 
feamen with a dozen of bottles of wine, he accomplilh- 
ed his object. One of the filh was llruck with twelve 
or fifteen harpoons ; feveral halfers were palfed round 
his body, and he was hoilled on board. 

“ This (fays our author) was the leall of the three, 
being only eight-and-twenty feet in its extreme breadth, 
and one-and-twenty in length from the extremity of the 
horns to that of the tail. The tail, which was thick 
in proportion to the body, was twenty-two inches long. 
The mouth, placed exaftly like that of the ray, was 
wide enough to fwallow a man with eafe. The Ikin 
was white under the belly, and brown on the back, like 
that of the ray. We reckoned the animal to weigh not 
lefs, certainly, than a ton.” 

We think it was fortunate that they chanced to llrike 
the fmallell fiih ; for an addition of eight or ten ton 
weight, which the largell ray mull have weighed, as 
certainly as the fmallefl weighed one ton, might have 
been very inconvenient on board a fhip already loaded. 
We dp not remember to have anywhere met with a de- 
fcription of this ray before, and we think it Ihould be 
confidered as a new fpecies ; but we lhall not give it a 
name till its exillence be better afcertained, when we 
fubmit to the pupils of Linnaeus, whether it may not 
be proper to give it the ancient name hos. 

RAJAH (See EncycL) We learn from Sir Charles 
Roufe Boughton’s Dijfertation concerning the Landed 
Property of Bengal., that this title is conferred upon Hin- 
doos by the Emperor, and frequently given out of cour- 
tefy to the greater zemindars. It would appear there- 
fore that the Rajahs can never be independent of the 
Mogul but by a i'uccefsful rebellion. 

RAYEL ul-mulk, in the language of Bengal, the 
ufage of the country, the common law 

RATIO (See Eneycl.) has been defined by Euclid, 
in the 5th book of his Elements, in terms to which ma- 
ny mathematicians have objected ; and his definition of 
proportion, which is fo ultimately conne&ed with it, is 
Hill more objectionable. The Rev. Abraham Robert- 
fon of Oxford, in a fmall traCt publilhed in 1789, de- 
monllrates the truth of the two definitions in queftion 
in feven propofitions, of which the fubltance is as fol- 
lows. He firll lays down thefe four definitions: 

“ 1. Ratio is the relation which one magnitude has to 
another, of the fame kind, with refpeCt to quantity. 

“ 2. If the firft of four magnitudes be exaCtly as great 
when compared to the fecond, as the third is when com- 
pared to the fourth, the firil is faid to have to the fe- 
cond the fame ratio that the third has to the fourth. 

“ 3. If the firft of four magnitudes be greater, when 
compared to the fecond, than the third is when com- 

pared to the fourth, the firft: is faid to have to the fecond 
a greater ratio than the third has to the fourth. 

“ 4 If the firft of four magnitudes be lefs, when com - v 
pared to the fecond, than the third is when compared 
to the fourth, the firft is faid to have to the fecond a 
lefs ratio than the third has to the fourth.” 

He then demonllrates, by reafoning ftriCtly geome- 
trical, the following propbfitions : 

Prop. 1. If the firft ol four magnitudes have to the 
fecond the fame ratio which the third has to the fourth; 
then, if the firft be equal to the fecond, the third is equal 
to the fourth ; if greater, greater ; if lefs, lefs. 

Prop. 2. If the firft of four magnitudes be to the fe- 
cond as the third to the fourth, and if any equimulti- 
ples whatever of the firft and third be taken, and alfo 
any equimultiples of the fecond and fourth; the multi- 
ple of the firft will be to the multiple of the fecond as 
the multiple of the third to the multiple of the fourth. 

Prop. 3. If the firft of four magnitudes be to the fe- 
cond as the third to the fourth, and if any like aliquot 
parts whatever be taken of the firft and third, and any 
like aliquot parts whatever of the fecond and fourth, the 
part of the firft will be to the part of the fecond as the 
part of the third to the part of the fourth. 

Prop. 4. If the firft of four magnitudes be to the fe- 
cond as the third to the fourth, and if any equimulti- 
ples whatever be taken of the firft and third, and any 
whatever of the fecond and fourth ; if the multiple of 
the firft be equal to the multiple of the fecond, the 
multiple of the third will be equal to the multiple of the 
fourth ; if greater, greater ; if lefs, lefs. 

Prop. 5. If the firft of four magnitudes be to the fe- 
cond as the third is to a magnitude lefs than the fourth, 
then it is poffible to take certain equimultiples of the 
firft and third, and certain equimultiples of the fecond 
and fourth, fuch, that the multiple of the firft /hall be 
greater than the multiple of the fecond, but the multiple 
of the third not greater than the multiple of the fourth. 

Prop. 6. If the firft of four magnitudes be to the fe- 
cond as the third is to a magnitude greater than the 
fourth, then certain equimultiples can be taken of the 
firft and third, and certain equimultiples ol the fecond 
and fourth, fuch, that the multiple of the firft /ball be 
lefs than the multiple of the fecond, but the multiple of 
the third not lefs than the multiple of the fourth. 

Prop. 7. If any equimultiples whatever be taken of 
the firft and third of four magnitudes, and any equi- 
multiples whatever of the fecond and fourth ; and if 
when the multiple of the firft is lefs than that of the 
fecond, the multiple of the third is alfo lefs than that of 
the fourth ; or if when the multiple of the firft is equal 
to that of the fecond, the multiple of the third is alfo 
equal to that of the fourth; or if when the multiple of 
the firft is greater than that of the fecond, the multiple 
of the third is alfo greater than that of the fourth: then, 
the firft of the four magnitudes fliall be to the fecond as 
the third to the fourth. 

RATIONAL, in arithmetic, &:c. the quality of num- 
bers, fractions, quantities, &c. when they can be ex- 
prefled by common numbers; in contradiftinblion to ir- 
rational or furd ones, which cannot be exprefled in com- 
mon numbers. 

RAYNAL (William Thomas), commonly called the 
Abbe Raynal, was educated among the Jefuits, and had 
become one of the order. The learning of that Society is 

univerfally 

Kado 
II 

P aynal 



RAY [ 39 

Raynal. unlvevfally known as well as the happy talents which 
its fuperiors poflefTed, of affigning to each member his 
proper employment. Raynal, however, after having 
acquired among them a tafte for literature*and fcience, 
had probably become refractory, for he was expelled 
from the order ; and the caufe of his expulfion, accord- 
ing to the Abbe Barruel, was his impiety. 

With the real caufe of his expulfion M. Barruel is 
furely much better acquainted than we can pretend to 
be ; but we have a ftrong fufpicion that his impieties 
had not then reached farther than to call in queftion 
the fupreme authority of the church ; for our author 
himfelf alfures us, that he did not utter his atrocious 
declarations againft Chriftianity till he had ceafed to be 
a member of the order of Jefuits. He then aiTociated 
himfelf with Voltaire, D’Alembert, and Diderot, and 
was by them employed to furnifh the theological arti- 
cles for the Encyclopedic. But though his religious 
opinions were certainly la*, and his moral principles 
very exceptionable, he could not even then be what, in 
a Protellant country, would be deemed a man remark- 
able for impiety ; for he employed the Abbe Yvon, 
whom M. Barruel calls an odd metaphyfician, but an 
inoffenfive and upright man, to write the articles which 
he was engaged to furnifh. In the conducing of this 
tranfaClion, he fnewed, indeed, that he poffeffed not a 
proper fenfe of honour ; for he paid poor Yvon with 
twenty-five louis d’ores for writing theological articles, 
for which he received himfelf fix times that fum. This 
trick was difcovered, Raynal was difgraced, and com- 
pelled to pay up the balance to Abbe Yvon ; but tho’ 
he had thus fhewn himfelf to be without honour, it is 
difficult to believe that he had yet proceeded fo far as to 
blafpheme Chrilt, lince he had employed a Chriftian 
divine to fupply his place in the Encyclopedic. 

H is firft work of eminence, and that indeed upon 
which his fame is chiefly built, is his “ Political and 
Philofophical Hiftory of the European Settlements in 
the Ealt and Weft Indies.” That this hiftory is writ- 
ten in an animated ftyle, and that it contains many juft 
refledlions, both political and philofophical, is known to 
all Europe ; for it has been tranflated into every Euro- 
pean language. Its beauties, however, are deformed 
by many fentiments that are irreligious, and by fome 
that are impure. It was followed, we think, in 1780, 
by a fmall tra& entitled “ The Revolution of Ame- 
rica in which the author pleads the caufe of the re- 
volted colonifts wMth a . .‘gree of zeal, cenfures the con- 
duct of the Britifh government with a keennefs of af- 
perity, and difplays a knowledge of the principles and 
intrigues of the different factions which at that period 
divided the Englifh nation, that furely was not natural 
to the impartial pen of a philofophic foreigner. Plence 
he has been fuppofed to have been incited to the under- 
taking, and to have been furniffied with part of his 
materials, by that defperate faction which uniformly 
oppofed the meafures of Lord North, and fecretly 
fomented the rebellion in America. Be this as it 
may, he propagated, both in this tra£l and in his hi- 
Itory, a number of licentious opinions refpedling go- 
vernment and religion, of which he lived to regret the 
confequences. 
A profecution w^as inftituted againfthim by the French 

government on account of his hiftory of the Eaft and 
Weft Indies; but it was condu&ed with fo little feverity 
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that he had fufficient time to retire to the dominions of Raynak 
the King of Pruffia, who afforded him the protection he * 
folicited, although his Majelty’s character was treated by 
the author irv^his book with no great degree of venera- 
tion. Raynalalfoexperiencedthekindnefs of the Emprefs 
of Ruffia ; and it is not a little remarkable of this An- 
gular perfonage, that although he was always levere in 
difeuffing the characters of princes, yet the molt defpo- 
tic among thefe heaped upon him many marks of fa- 
vour and generofity. The Abbe afro received a very 
unufual mark of refpeCt from a Britifh Houfe of Com- 
mons. It was once intimated to the fpeaker that Ray- 
nal was a fpeCtator in the gallery. The bufinefs was 
immediately fufpended, and the ftranger conducted to 
a more convenient and honourable fituation. How dif- 
ferent was the conduCt of Dr Johnfon, wdro, when a 
friend advanced to him with our author, faying, “ Will 
you give me leave, DoCtor, to introduce to you the 
Abbe Raynal?” turned on his heel, and vociferated, 
“ No, Sir!” We are far from wifhing to vindicate 
the rudenefs of the fage ; but it was perhaps as proper 
as the politenefs of the Houfe of Commons. 

The great trait of Raynal’s character was a love of 
liberty, which, in his earlier writings, he did not pro- 
perly define ; but when he lived to fee fome of the 
confequences of this, in the progrefs ot the French Re- 
volution, he made one glorious eftort to retrieve his 
errors. In the month of May 1791, he addreffed to 
the conftituent affembly one of the moil eloquent, ar- 
gumentative, and impveffive letters that ever was writ- 
ten on any fubjeCf ; a letter which, if the majority of 
them had not been intoxicated with their newly acqui- 
red confequence, mult have given fome check to their 
mad career. After complimenting them upon what 
they had done, he proceeds thus : “ I have long dared 
to fpeak to kings of their duty ; fuffer me now to fpeak 
to the people of their errors, and to their reprefenta- 
tives of the dangers which threaten us. I am, l own 
to you, deeply affliCted at the crimes which plunge this 
empire into mourning. Is it true that I am to look 
back with horror at myfelf for being one of thofe who, 
by feeling a noble indignation againft arbitrary power, 
may perhaps have furnilhed arms to licentioufnef? ? Do 
then religion, the laws, the royal authority, and public 
order, demand back from philofophy and reafon the 
ties which united them to the grand fociety of the 
French nation, as if, by expofing abufes, and teaching 
the rights of the people and the duties of princes, our 
criminal efforts had broken thofe ties? But, no! — 
never have the bold conceptions of philofophy been re- 
prefented by us as the ftn'Ct rule for ads of legiflation. 

“ You cannot juftly attribute to us what could only 
be the refult of a falfe interpretation of our principles. 
Alas ! now that 1 Hand on the brink of the grave ; 
now that I am about to quit this immenfe family, whofe 
happinefs I have ardently delired, what do I fee around 
me ? Religious troubles, civil diffe.nfions, confternation 
on the one hand, tyranny and audacity on the other ; a 
government the Have of popular tyranny ; the fandu- 
ary of the laws furrounded by unruly men, who alter- 
nately didlate or defpife thofe laws ; foldiers without 
difeipline ; leaders without authority ; minifters with- 
out means ; a king, the firft friend of his people, plun- 
ged into bitternefs, infulted, menaced, itripped of all 
authority ; and the public power no longer exifting but 

mi 
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Rayral, jn clubs, in which ignorant ami rude men dare to de* 

Reaping. cj-je ajj p0j;l;jcaj queftlons.” 

He then proceeds to prove, which he does very com- 
pletely, that it was not the bufinefs of the aflembly to 
abolifh every ancient inftitution ; that the genius of the 
French people is fuch, that they never can be happy 
or profptrous but under a well-regulated monarchical 
government ; and that, if they wifhed not the nation 
to fall under the worft kind of dcfpotifm — the defpo- 
tifm of a low faction, they mull; increafe the power of 
the king. “ Alas 1 (continues he) what are my fuffer- 
ings, when in the heart of the capital, in the centre of 
knowledge, I fee this mifguided people welcome, with 
a ferocious joy, the moll criminal propofitions, frnile at 
the recital of murder, and celebrate their crimes as con- 
quefts.” 

He had then feen comparatively but little ; but he 
lived to fee more—to fee his countrymen celebrate, as 
virtues, crimes, compared with which the atrocities of 
1790 appear almoft as harmlefs. Being ftripped of all his 
property, which was large, by the robbers of the revo- 
lution, he died in poverty in March 1796, and in the 
84th year of his age. 

Belides the works which we have already mentioned, 
he wrote “ A Hiftory of the Parliament of England,” 
and a “ Hiltory of the Stadholderate but thefe are 
both of them more remarkable for a fpecious ftyle and 
loftinefs of invention than for ufeful obfervation or folid 
argument. He wrote likewife “ The Hiftory of the 
D ivorce of Catharine of Arvagon by Henry the 
Eighth,” which is not fo much a recital of, and com- 
mentary upon, the fadt from which he takes the title, as 
it is an able pidfure of univerfal Europe at that period, 
of the views, interefts, and power, of all the different 
potentates. At the time of his death he was preparing 
a new edition of all his works, in which were to be 
made many alterations; and he is faid to have left among 
his manuferipts a “ Hiftory of the Revocation of the 
Edidl of Nantes,” in four volumes ; but it is alfo very 
certain, that, during thefanguinary reign of Robefpierre, 
he burnt a great part of his papers. 

REAPING, the well-known operation of cutting 
corn either by the fickle or by the fey the. Reaping 
by the fickle is by much the moft common praAice, 
and that which, we believe, prevails univerfally in Scot- 
land ; yet the other method, where it is practicable, 
is certainly the leaft laborious, and by much the moft 
expeditious. To the feythe, as an inftrument of reap- 
ing, many objedtions are urged. 

It is faid that it fhakes the ear, fo that many of the 
grains are loft ; that it lets the corn fall, after cutting 
it, in a confufed and fcattered ftate, fo that either much 
of it is loft, or a great deal of time is confumed in ga- 
thering it together ; that it can only be made ufe of in 
land which is very even and free from ftones ; that it 
does not leave fufficient length of ftubble in the ground 
to lay the corn on when cut ; that it mixes bad weeds 
with the corn, the feeds of which are fown the next 
year ; and, laftly, that the ufe of the feythe is prejudi- 
cial to the health of the reaper. 

Thefe objddlions, however, are either of no weight, 
or they are made by thofe who are not acquainted 

with the feythes which have been adapted to this pur- Rvaping, 
pofe, and with the proper manner of ufmg them. With w 
a good feythe, properly managed, the corn, after being 
cut, remains at firft upright, and then falls very gently 
upon the rake fixed to the feythe, without any lhake 
or jolt ; or at leaft with lefs than that which it receives 
when reaped with a fickle. With refpedl to the lofs 
of grain, that proceeds chiefly from the corn being too 
dry ; confequently it Ihould be reaped only upon pro- 
per days, and proper times of the day, which is much 
more eafily done with the feythe than wuth the fickle, 
becaufe the work is fo much Ihorter. The (talks, kept 
together by the rake, may be laid upon the ground, or 
rather againlt the corn not yet cut, in fo regular and 
colledted a ftate, that thofe who gather and tie the 
(heaves, whether they are women or children, have no- 
thing but their own negligence to accufe if any thing is 
left behind. When land is properly ploughed and har- 
rowed, it is fufficiently even ; and in fuch as is ftony', 
the only precaution neceflary is to keep the feythe a 
little higher in ufing it, that it may not ftrike againft 
the ftones. If the ftubble left in the ground be (hort, 
the draw which is cut off will be the longer ; and the 
latter is certainly of more value than the former, which 
only ferves to incommode the cattle which afterwards 
go to feed in the field. 

Thefe confiderations, and others of a like nature, in- 
duced the patriotic fociety of Milan to fend, fome 
years ago, to thofe parts in which feythes are made ufe 
of for reaping ; and having procured a model of a feythe 
from Silefia, they caufed one to be made of a proper 
fize. It was firft tried upon corn, and afterwards up- 
on millet ; and although the firft feythe was not accu- 
rately made, and the reaper had never before made ufe 
of fuch an inftrument, yet it was found that nearly half 
the ufual time was faved, and that the labour and fa- 
tigue were much diminifhed ; the corn alfo was cut 
without receiving any (hock that could be hurtful to it, 
and fell in an even and regular ftate, fo that it was af- 
terwards eafily bound up in compaCI (heaves. They 
were afterwards prefented with a feythe fomewhat dif- 
ferent from the Silefian, which is very geneally ufed 
in Auftria. 

Thefe inftruments are fo fimple, that the figure of 
one of them renders the defeription of either almoft un- 
neceftary. In fig. 1. is (hewn the Silefian feythe tfied xL(f 
by the Society ; the difference between that and the 
Auftrian one ure (hall mention in our defeription. The 
firft, or Silefian feythe, differs very little from the 
feythe we commonly ufe for mowing grafs, except that 
tjje blade is rather fmaller ; to it are added four teeth 
of wood, parallel to the blade, fixed and fecured in a 
proper manner, and intended to keep the corn toge- 
ther after being cut, fo that inftead of its falling in a 
confuled (fate, the reaper may lay it down in a regular 
and compact one. The fecond, or Auftrian feythe, is 
fimilar to the former, except that the blade is larger ; 
confequently the wooden teeth, of which there are 
five, are longer ; the handle is alfo more flat, and ra- 
ther crooked. 

In the jirjl, the handle ab (fee fig. 1.) is two Mila- 
nefe braffes (a), and nine inches and a half in length ; 

the 

(a) One hundred Milanefe brajfes are equal to fifty-eight Engliih yards and a half. 
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Reaping, the blade he is one brafs three incheg and a half; the 
ieelitica- pjece 0f wood in which the teeth are fixed, one brafs 

t1^11’ one inch and a half. In the fecond, the handle is two 
braffes, and feven inches long; the blade, one brafs ele- 
ven inches ; the pie’e in which the teeth are fixed, ele- 
ven inches and a quarter. The proportions of the other 
parts may be conceived from the figure. 

The difference in the conftruftion of thefe two 
fcythes makes it requiiite to ufe them in a different 
manner ; but that will be better acquired in prattice 
than by precepts Such of our countrymen as are ac- 
cuflomed to the ufe of the common fcythe will very 
foon find out the moft convenient and advantageous 
manner of uiing thefe new kinds of fcythe, and of lay- 
ing down the corn properly when cut. 

It fhould, however, be obferved, that in mowing 
grafs the feet are kept almonft parallel to each other, 
whereas in reaping corn they fliouid be kept upon a 
line, one behind the other, thrulting the right foot for- 
ward, and drawing the left towards it. This is necef- 
fary, becaufe when grafs is mowed it is left to fall jufl 
where it is cut ; but when corn is cut, it is to be carried 
and laid in a proper manner againft that which is not 
yet cut, and which is at the, left hand of the reaper; 
and if the feet were kept parallel to each other, the 
reaper would be obliged to extend and turn his body in 
a very inconvenient manner. 

After having made public thefe obfervations, the fo- 
ciety made farther experiments upon the fubjeft; in 
which it was found, that when, on account of very wet 
weather, the ftalks of the corn are bent down, the 
wooden teeth of the forementioned fcythes are apt to 
lay hold of fome ears, to the ftalks of which the iron 
does not reach, and confequently not being cut below, 
they are pulled fo that the grain is fcattered.^ This 
happens chiefly when the reapers, not being yet fuffi- 
ciently accuftomed to that kind of fcythe, do not know 
how to adapt it to particular circumftances. 

To remedy this inconvenience, it occurred to an in- 
genious blackfmith to add to the common fcythe * ga- 
therer ox colledor made of cloth, as may be feen at 
fig. 2. where <3 £ r is a common fcythe ; £ dm lof ne h 
the gatherer ; which at c de is compofed of a thin plate 

v of iron, having at its extremity a hollow for receiving 
the point of the blade. At e d are holes for fewing in 
the cloth, which is coarfe, light, and of low price ; it 
is alfo fixed to two thick iron wires, of which the up- 
per one is continued toy, where it terminates in a hole 
in the handle ; the other is fixed to the back of the 
blade. The manner of fixing this gatherer to the blade 
of the fcythe will be better underftood by referring to 
fig. 3. which reprefents one of the irons which, by 
means of a fcrew, are faftened to the back of the fcythe. 
Thefe irons proceed from, and make part of, the up- 
right irons m «, / 0, which ferve to keep the gatherer 
extended. 

This is a very Ample and cheap contrivance ; but an 
attempt was made to render it ftill more Ample, by fub- 
ftituting for the gatherer two- iron hoops, which are 
fhewn in fig. 2. by the dotted lines kg, k i, with a 
crofs piece p which connefts them. Experience, how- 
ever, has ftiewn, that the gatherer is in general prefe- 
rable to thefe hoops, as it does not leave an ear of corn 
behind. 

RECTIFICATION of ether, a procefs for de- 
Suppl. Vol. II. Part I. 

] RED 
privipg ether of its fulphureous acid (See Chemistry- 
Index in this Suppl.) It has been ufual to add an 
alkali for this purpofe ; but Dize has found it much 
more advantageous to add a fubftance which might af- 
ford the requifite quantity of oxygen to convert the 
fulphureous into the tulphuric acid ; in which ftate it 
is not difpofed to rife and come over. Various metallic 
oxides wrere tried, among which the black oxide of man- 
ganele proved the beft and the cheapeft. His procef* 
is as follows : 

The fulphureous acid contained in unre&ified ether 
being neutralized with oxide of manganefe, the fluid is 
decanted into a pewter veflel of the capacity of fifty 
ounces, which is placed on a water bath. To this vef- 
fel a head and worm are adapted, the latter of which 
pafles through a refrigeratory conftantly fupplied with 
water in a ftream from below, which caufes the heated 
water to flow oft' above. The diftillation is then per. 
formed by raifmg the bath to a temperature of 36^ 
(1130 Fahrenheit, if the decimal thermometer be here 
meant). The redfification by this treatment ufually 
requires a day to complete it. The flavour of the ether 
is ot the beft kind, and the product about one fixth 
more than in the ufual method with retort and receiver. 
Dize has prattifed this method with fuccefs for three 
years. — 'Journal de Phyfique, April, 1798. 

Rectification, in geometry, is the finding of a 
right line equal to a curve. The redfification of curves 
is a branch of the higher geometry, a branch in which 
the ufe of the inverfe method of fluxions is efpecially 
ufeful. 

Tur key-RED, Levant-Red, and Adrianople-Rrn, 
the names indifferently given to that beautiful red dye 
which diftinguifhes the cotton manufadtured in the Ot- 
toman empire, and at AJlracan in the dominions of Ruf- 
fia. We have two accounts of the procefs of commu- 
nicating this dye to the fluffs ; one by Profeffor Pallas 
as he faw it pradlifed at Aftracan ; the other in the 
02d number of the Annales de Chimie by Citizen Fe- 
lix. As every thing relating to ufeful manufactures is 
of general importance, we fhall give pretty copious ex- 
tracts from both papers. 

According to Dr Pallas, the dye-fluffs employed at 
Aftracan are, madder, fumach, gall nuts, alum, an in- 
ferior kind of foda, and fifh-oil. The procefs of dyeing 
is as follows: 

The roots of the madder, when frefli gathered, are 
placed above each other in a ftove, or in a pit dug in 
vifcous earth which has been ftrongly heated. Darth 
is then thrown over the madder, and it muft fweat un- 
til the ftove or pit becomes cold ; when the roots, the 
fecond or third day, are taken from it, and either fpread 
out or hung up to dry. When it is thoroughly dried 
in the fun, the madder is ground to a very fine powder, 
as are likewife the round leaves of the fumach (rhus co- 
tinus). The fifh oil is boiled from the entrails of the 
fturgeon and other large fifties ; and the proof of its be- 
ing proper for dyeing is, that when mixed with a lixi- 
vium of foda, it muft immediately affume a milky ap- 
pearance. Should that not be the cafe, it cannot be 
ufed by the dyers. 

The cotton to be dyed red is firft wafhed exceeding- 
ly clean in running water ; and when the weather is 
clear, hung up on poles to dry. If it does not dry be- 
fore the evening, it is taken into the houfe, on account 
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of the faline dews fo remarkable in the country around ton yarn, piece by piece# into the dye ; turns it round Turlcey. 
Aftracan, and a^ain expofed to the air next morning, backwards and forwards ; prefles it a little with his t 

Red- , 
When it is thoi-oughly dry it is laid in a tub, and fifh- hands; and lays each piece, one after the other, in 
oil is poured over it till it is entirely covered. In this pails (landing ready for the purpofe.. As foon as all 
Rate it muft Rand all night; but in the morning it is the cotton has received the lirll tint, it is hung up to 
huno- up on poles, and left there the whole day ; and dry ; as the red, however, is Rill too dull, the yarn, 
this procefs is repeated for a week, fo that the cotton which has been already dyed once, and become dry, is 
lies feven nights in oil, and is expofed feven days to the put once more into the dyeing-kettle, and muR be left 
atmofphere, that it may imbibe the oil, and free itfelf there to feethe for three hours over a Rrong fire ; by 
from all air. The yarn is then again carried to a dream, which it acquires that beautiful dark led colour which 
c leaned as much as pofiible, and hung up on poles to is fo much eReemed in the T urky yam. The yarn is 

i r now taken from the dye with Ricks ; the fuperfluous 

After this preparation a mordant is made of three dye which adheres to it is ihaken off; the hanks aie 
materials, which muR give the grounds of the red co- put in order, and hung up, one alter anothei, to diy. 
lour. The pulverifed leaves of the fumach are firR When it is thoroughly dry, it is wafhed in the pure 
boiled in copper kettles ; and when their colouring dream, and again dried. # 
matter has been fufficiently extrafted, fume powdered In the lad place, the above-mentioned loda is dmo,- 
galls are added, with which the liquor mud be again ved with boiling water in tubs dedined for that purpofe, 
boiled ; and by thefe means it acquires a dark dirty co- and it is ufnal at ARracan to allow 20 pounds of foda to 
lour! After it has been fufficiently boiled the fire is 40 pounds of cotton, or half the weight. Large earth- 
taken from under the kettle, and alum put into the Rill en jars, which are made in Perfia of very Riong clay, 
hot liquor, where it is foon diffolved. The proportion a yard and a half in height, almoR five fpans wide in 
of thefe three inpredients cannot be afcertained, as the the belly, and ending in a neck a fpan and a half m 
dyers vary that proportion at pleafnre. The powder diameter, inclofed by means of cement in brickwork 
of the fumach leaves is meafured into the kettle with over a fire-place, in Rich a manner .that the necks only 
laddies ; the water is poured in according to a gauge, appear, are filled with the. dyed cotton yarn. I he ley 
on which marks are made to (hew how high the water of diffolved foda, which is blackiffi and veiy (harp, is 
muR Rand in the kettle to foak fix, eight, ten, &c. then poured over it till the jars be filled ; and fome 
puds of cotton yarn. The galls and alum are added in clean rags are preffed into their mouths, tnat tue upper- 
the quantity of five pounds to each pud of cotton. In moR (kains of yarn may not lie uncovered. A file is 
a word the whole mordant muR be fufficiently yellow, then made in the fire-place below, and continued for 
Rrong, and of an aflringent taRe. 24 hours ; and in the mean time the Ream which aufes 

As foon as the alum is diffolved, no time muR be from the jars is fcen colletfed among the rags in red 
loR in order that the mordant may not be fuffered to drops. By this boiling the dye is Rill moie heighten- 
cool. The yarn is then put into hollow blocks of cd, and is made to Rrike completely ; every thing fu- 
wood fiiaped "like a mortar, into each of which fuch a perfluous is removed, and all the fat mattci which Rill 
quantity of the mordant has been poured as may be adheres to the yarn is waffied out. Nothing more is 

•fufficient to moiRen the yarn without any of it being then neceffary for completing the dye of the yarn but 
left. As foon as the workman throws the mordant in- to rinfe it well feveral times in running water, and then 
to the mortar, he puts a quantity of the yarn into it, to dry it. . 
and preffes it down with his hand till it becomes uni- Cotton cloth is dyed with madder at ARracan .u the 
formly moiitened, and the whole cotton yarn has Rruck. fame manner ; but many purfue a fraudulent procefs. 
By this it acquires only a pale yellow colour, which, by dyeing with red wood, and then fell their cloth as 
however, is durable. It is then hung up on poles in that which has been dyed in the proper manner, 
the fun to dry ; again walked in the Rream, and after- The proceffes followed in the Grecian manufactories 
wards dried once more. in the Levant, as deferibed by M. Felix, varies in fome 

The next part of the procefs is tfo prepare the mad- particulars from this. The firR procefs is that of clean- 
tier dye. The madder, ground to a fine powder, is ing the cotton : for which purpofe three leys are em- 
fpread out in large troughs, and into each trough is ployed ; one of foda, another of afhes, and a third of 
poured a large cupful of (beep’s blood, which is the lime. The cotton is thrown into a tub, and moiRened 
kind that can be procured with the greateR facility by with the liquor of the three leys in equal quantities it 
the dyers. The madder muR be Rrongly mixed in it is then boiled in pure water, and wafiied m running 
by means of the hand, and then Rand fome hours in or- water. # . 
der to be thoroughly foaked by it. The liquor then The fecond bath given to the cotton is compofed of 
affumes a dark red appearance, and the madder in boil- foda and {beep’s dung diffolved in water. To facilitate 
ing yields more dye. ' the folution, the foda and dung are pounded m a mor- 

After this procefs water is made hot in large kettles, tar. The proportions of thefe ingredients employed, 
fixed in brickwork ; and as foon as it is warm, the pre- are one occa of dung, fix of foda, and forty of water ; 
pared red dye is put into it, in the proportion of a each occa being equal to about fifty ounces. When 
pound to every pound of cotton. The dye is then fuf- the ingredients are well mixed, the liquor exprefied 
fered to boil Rrongly ; and when it is enough, which from them is drained ; and being poured into a tub, fix 
may be tried on cotton threads, the fire is removed occas of olive oil are added to it, and the whole is well 
from under the kettle, and the prepared cotton is de- Rirred till it becomes of a whitiffi colour like milk, 
polited near it. The dyer places himfelf on the edge I he cotton is then befprinkled with this water ; an 
oF the brickwork that inclofes the kettle } dips the cot- when the (kains are thoroughly moiRened, they are wrung, 
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Turkey, wrong, preffed, and expofed to dry. The fame bath 
' Red. mult be repeated three or four times, becaufe it is this 

-—/ ' bquor which renders the cotton more or lefs lit for re- 
ceiving the dye. Each bath is given with the fame li- 
quor, and ought to continue five or fix hours. It is to 
be obferved that the cotton, after each bath, mull be 
dried without being waflied, as it ought not to be 
rinfed till after the lall bath. The cotton is then as 
white as if it had been bleached in the fields. 

It may be fuppofed that the dung is of no utility for 
fixing the colours ; but this fuppofition would be raflr; 
for, as M. Felix obferves, it is well known that this 
fubftance contains a great quantity of volatile alkali in 
a difengaged ilate, which has the property of giving a 
rofy hue to the red. It is therefore probable that it is 
to this ingredient that the red dyes of the Levant are 
indebted for their fplendour and vivacity. This much, 
at any rate, is certain, that the Morocco leather of the 
Levant is prepared with dogs dung; becaufe it has 
been found that this dung is proper for heightening the 
colour of the lack. 

The procefs of galling, which follows the bath of 
dung, is performed by immerfing the cotton in a bath 
of warm water, in which five occas of pulverifed gall- 
nuts have been boiled. This operation renders the 
cotton more fit for being faturated with the colour, and 
gives to the dye more body and ftrength. After the 
galling comes aluming, which is performed twice, with 
an interval of two days, and which confitts in dipping 
the cotton into a bath of water in which five occas of 
alum have been infilled, mixed with five occas of water 
alkalifed by a ley of foda. The aluming mull be per- 
formed with care, as it is this operation which makes 
the colouring particles combine bell with the cotton, 
and which fecures them in part from the deftru&ive ac- 
tion of the air. When the fecond aluming is finifhed, 
the cotton is wrung; it is then preffed, and put to foak 
in running water, after being inclofed in a bag of thin 
cloth. 

The workmen then proceed to the dyeing. To com- 
pofe the colours, they put in a kettle five occas of wa- 
ter, and 35 occas of a root which the Greeks call ali- 
xari, or painting colour, and which in Europe is known 
under the name of madder. The madder, after being 
pulverifed, is moiftened with one occa of ox or fheep’s 
blood. The blood ftrengthens the colour, and the 
dofe is increafed or leffened according to the fliade of 
colour required. An equal heat is maintained below 
the kettle, but not too violent; and when the liquor 
ferments, and begins to grow warm, the Ikains are 
then gradually immerfed before the liquor becomes too 
hot. They are then tied with packthread to fmall rods 
placed croffwife above the kettle for that purpofe ; and 
when the liquor boils well, and in an uniform manner, 
the rods from which the fkains were fufpended are re- 
moved, and the cotton is fufFered to fall into the kettle, 
where it mufl remain till two-thirds of the water is eva- 
porated. When one-third only of the liquor remains, 
the cotton is taken out and wafhed in pure water. 

The dye is afterwards brought to perfe&ion by 
means of a bath alkalifed with foda. This manipula- 
tion is the. moll difficult and the moft delicate of the 
whole, becaufe it is that which gives the colour its 
tone. The cotton is thrown into this new bath, and 
made to boil over a Heady fire till the colour affumes 

the required tint. The whole art confifts in catching Turkey., 
the proper degree: a careful workman, therefore, muft 
watch with the utmoft attention for the moment when 
it is neceflary to take out the cotton; and he will ra- —y  
ther burn his hand than mifs that opportunity. 

It appears that this bath, which the Greeks think 
of fo much importance, might be fupplied by a ley of 
foap; and it is probable that faponaceous water would 
give the colour more brightnefs and purity. 

M. Felix feems doubtful whether the ali-zari of the 
Greeks be the fame plant with the European madder. 
If it be, its fuperiority mufl arife from the mode in 
which it is cultivated, and the method employed to dry 
it. The ali-zari is not colledled till the fifth or fixth 
year of its growth, when it has acquired its full ftrength; 
and as it is the woody part of the roots which affords 
the greatefl quantity of colouring particles, this mufl 
give it an obvious fuperiority over madder, which is 
collefted before it has arrived at maturity. The mode 
of deficcation contributes alfo, in the opinion of our 
author, to improve the quality of the ali-zari. The 
Levantines dry it in the open air ; and this operation 
is eafy in a country where great drynefs prevails in the 
atmofphere, while in our damp climates we are obliged 
to dry the madder by floves. Hence it happens that 
the fmoke, which mixes itfelf with the cold air, and 
penetrates the roots, impregnates them with fuliginous 
particles, which alter the colouring fubftance ; an acci- 
dent which does not take place when the madder is 
dried without the affitlance of fire. 

For the philofophical principles of thefe proceffes of 
dyeing, fee Animal and Vegetable Substances in this 
Supplement. 

REDINTEGRATION, is the taking or finding 
the integral or fluent again from the fluxion. See 
Fluxions, Encycl. 

REFLECTOR for a light-house, is compofed 
of a number of fquare plane glafs mirrors, fimilar to 
thofe with which Archimedes is faid to have fet fire to 
the Roman fleet at the fiege of Syracufe (See Burn- 
ing, Encycl.) Each of thefe mirrors is about an inch 
fquare ; and they are all difpofed clofe to each other 
in the concave of a parabolic fegment, formed of ftucco 
or any other proper bed. Stucco has been found to an- 
fwer the purpofe bell; and is accordingly employed in all 
the reflectors of the light-houfes erefted by Mr Thomas 
Smith tinplate worker, Edinburgh, at the expence, and 
by the authority, of government. This ingenious and 
modefl man feems to have conceived the idea of illumi- 
nating light-houfes by means of lamps and refleClors in- 
ftead of coal-fires, without knowung that fomething of 
the fame kind had been long ufed in France; he has 
therefore all the merit of an inventor, and what he in- 
vented he has carried to a high degree of perfection. 

His parabolic moulds are from three to five or fix 
feet in diameter; and in the centre or apex of each is 
placed a long flhallow lamp of tin-plate, filled with 
whale oil. In each lamp are fix cotton wicks, almoft 
contiguous to each other, which are fo difpofed as to 
burn without trimming for about fix hours. The light 
of thefe is reflefted from each mirror fpread over the 
concave furface, and is thus multiplied, as it wrere, by 
the number of mirrors. The ftucco moulding is co- 
vered on the back with tin-plate, from which a tube, 
immediately over the lamp, proceeds to the roof of the 

3 D 2 light 
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Reflcdtor, light room, and ferves as a funnel, through which the 
^Reflexity. fmokg efcapes without fullying the faces of the mirrors. 

^ The light-room is a cupola or lantern of from eight to 
twelve Tides, compofed entirely of glafs, fixed in call-iron 
frames or falhes, and roofed with copper. On circular 
benches palling round Ijhe infide of this lantern, at 
about eighteen inches from the glafs frames, are placed 
the refleftors with their lamps, fo as that the concave 
furfaces of two or three of the refledlors front every 
point of the compafs, and throw a blaze of light in all 
dire&ions. In the roof immediately over the centre of 
the room is a hole, through which pafs all the funnels 
already mentioned, and which ferves likewife to admit 
frelh air to the lamps. This light room is firmly fixed 
on the top of a round tower fo as to be immoveable by 
the weather ; and the number of the reflcdlors, and the 
height of the tower, are lefs or greater according as it 
is the intention that the light fhould be feen at a lefs or 
a greater dillance. 

A man judging from mere theory would be very apt 
to condemn light-houfes of this kind ; becaufe the firm- 
eft building fhakes in a vioient ftorm, and becaufe fuch 
fhaking, he might think, would fometimes throw the 
whole rays of light into the air, and thus miflead the 
bewildered feaman. This opinion, we know, was actually 
entertained of them by one of the profoundeft philo- 
fophers and moll fcientific mechanicians of the age. 
Experience, however, has convinced him, as well as the 
public at large, that fuch apprehenlions are groundlefs, 
and that light-houfes with lamps and refledtors are, in 
every point of view, preferable to thofe with fires burn- 
ing in the open air. They are fupported at much lefs 
cxpence ; their light is more brilliant, and feen at a 
greater diftance, whilft it can never be obfcured by 
Imoke, or beaten down on the lee-fide by a violent gull 
of wind ; and what is perhaps of Hill greater import- 
ance, the refledlors with their lamps may be fo varioufly 
placed, that, as Mr Smith obferves, one light-houfe can- 
not be miftaken for another. If we add to all this, that 
the lamps do not Hand in need of trimming fo often as 
open fires require fuel, and that the light man is never 
expofed eitherto cold or to wet by attending to his duty, 
we muft be convinced that light-houfes with refledlors 
are much lefs liable to be negledled in ftormy weather 
than thofe with open fires, and that this circumftance 
alone would be enough to give the former a preference, 
almoft incalculable, over the latter. 

It has been propofed to make the concave furface of 
the parabola one fpeculum of metal, inftead of covering 
it over with a multitude of plain glafs mirrors ; or to 
diminifh the fize of each mirror, if they are to be re- 
tained in preference to the metallic fpeculum. To every 
man who has but dipped into the fcience of optics, it 
mull be obvious, that either of thefe alterations would be 
wrong. The brighteft metal does not reflect fuch a 
quantity of light as well foliated clear glafs; and were 
the fize of the mirrors to be diminifhed, the number of 
joinings would be increafed, in each of which fome 
light is loft, not merely in the feam, but from its being 
almoft impofiible to foliate glafs perfe&ly at its edge. 

REFLEXIT Y, a word employed by Mr Brougham 
to denote a property of light which caufes the different 
rays to be a6led upon by bodies, and to begin to be re- 
fra£led, relledled, infledled, and defkdfed, at different 
tliftances. This property follows the fame law that 

the other optical properties of light follow : the red ray Refraction, 
having moft reflexity, and the violet leaft (See Philofo- — 
phkal Tranfaaions, 1797, p. 360.) Mr Brougham 
has denoted this property by the three words, refran- 
gity, rejlexity, and jlexity; but as the power is the fame 
there is no occafion for different names. Some philo- 
fophers have refufed to admit this as a new property ; 
we have not verified it by experiment. 

REFRACTION of altitude, is the arc or por- 
tion of a vertical circle, by which the altitude of a liar 
is increafed by the refraction of light. 

Refraction oj Afcenfion and Defcenjlon, is an arc of 
the equator, by which the afcenfion and defcenfion of 
a ftar, whether right or oblique, is increafed or dimi- 
nifhed by the refraction. 

Refraction of Declination, is an arc of a circle of 
declination, by which the declination of a ftar is increa- 
fed or diminifhed by refraClion. 

Refraction of Latitude, is an arc of a circle of lati- 
tude, by which the latitude of a ftar is increafed or di- 
minifhed by the refraftion. 

Refraction of Longitude, is an arc of the ecliptic, 
by which the longitude of a ftar is increafed or dimi- 
nifhed by means of the refra&ion. 

Lerrejlrial Refraction, is that by which terreftrial 
objeCts appear to be railed higher than they really are, 
in obferving their altitudes. The quantity of this re- 
fraCtion is eftimated by Dr Mafkelyne at one tenth; 
by Le Gendre at one-fourteenth ; by De Lambre at 
one-eleventh ; and.by others at a twelfth of the diftance 
of the objeCt obferved, expreffed in degrees of a great 
circle. But it is obvious that there can be no fixed 
quantity of this refraCtion, fince it depends upon the 
ftate of the atmofphere, which is extremely variable. 
Hence fome very lingular effeCts of it are related, of 
which the following is worthy of notice. It is taken 
from the Philofophical TranfaCtions of London 1798 ; 
being an extract of a letter, dated Haftings, Auguft 1. 
1797. 

“ On Wednefday, July 26, about five o’clock in the 
afternoon, while 1 was fitting in my dining room at this 
place, which is fituated upon the Parade, clofe to the 
fea fhore, nearly fronting the fouth, my attention was 
excited by a number of people running down to the 
fea-fide. Upon enquiring the reafon, I was informed 
that the coaft of France was plainly to be diftinguilhed 
by the naked eye. I immediately went down to the 
fhore, and was furprifed to find that, even without the 
afliltance of a telefcope, I could very plainly fee the 
cliffs on the oppofite coaft ; which, at the neareft part, 
are between 40 and 50 miles diftant, and are not to be 
difcerned, from that low fituation, by the aid of the 
belt glafles. They appeared to be only a few miles off, 
and leemed to extend for fome leagues along the coaff. 
I purfued my walk along the fhore eaftward, clofe to 
the water’s edge, converfing with the failors and fifher- 
men upon the fubjeft. They at firfl could not be per- 
fuaded of the reality of the appearance ; but they foon 
became fo thoroughly convinced, by the cliffs gradually 
appearing more elevated, and approaching nearer, as it 
were, that they pointed out and named to me the dif- 
ferent places they had been accuftomed to vifit ; fuch 
as the Bay, the Old Head or Man, the Windmill, &c. 
at Boulogne ; St Vallery, and other places on the coaft 
of Picardy ; which they afterwards confirmed when 

they 
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RegU they viewed them through their telefcopes. Their 

il ohfervations were, that the places appeared as near as 
^Regulus, ^ were failings at a fmall diilance, into the har- 

bours.” 
The writer of this extract was W. Latham, £fq ; 

F. R. S. and A. vS. who adds, that the day was ex- 
tremely hot, that it was high water at Ha dings about 
two o’clock P. M. and that not a breath of wind was 
ftirring the whole day. 

REGIS (Peter Sylvain), a French philofopher, and 
great propagator of Cartelianifm, was born in Agenois 
1632. He cultivated the languages and philofophy un- 
der the Jefuits at Cahors, and afterwards divinity in the 
univerfity of that town, being defigned for the church. 
He made fo uncommon a progrefs, that at the end of 
four years he was offered a doctor’s degree without the 
ufual charges ; but he did not think it became him to 
accept of it till he had ftudied alio in the Sorbonne at 
Paris. He went thither, but was- foon difgufted with 
theology ; and as the philofophy of Dcs Cartes began 
at that time to make a noife through the ledlures of 
Rohault, he conceived a tafle for it, and gave himfelf 
up entirely to it. He frequented thefe ledfures ; and 
becoming an adept, went to Touloufe in 1665, and 
read lectures in it himfelf. Having fine parts, a clear 
and fluent manner, and a happy way of making himfelf 
underftood, he drew all forts of people ; the magiftrates, 
the learned, the ecclefiallics, and the very women, who 
now all affe&ed to abjure the ancient philofophy. In 
1680 he returned to Paris ; when the concourfe about 
him was fuch, that the fticklers for Peripatetieifm be- 
gan to be alarmed. They applied to the Archbifhop of 
Paris, who thought it expedient, in the name of the 
.king, to put a Hop to the le&uves; which accordingly 
were difcontinued for feveral months. The whole life 
of Regis was fpent in propagating the new philofophy. 
In 1690 he publifhed a formal fyftem of it, containing 
logic, metaphyiics, phyfics, and morals, in 3 vols qto, 
and written in French. It was reprinted tlie year after 
at Amfterdam, with the addition of a difcourfe upon 
ancient and modern philofophy. He wrote afterwards 
feveral pieces in defence of his fyftem ; in which he had 
difputes with M. Huet, Du Hamel, Malebranche, and 
others. His works, though abounding with ingenuity 
and learning, have been difregarded, in confequence of 
the great difcoveries and advancement in philofophic 
knowledge that have been fince made. He died in 1707. 
He had been chofen member of the academy of fciences 

* Blog. in 1699*. 
Dia. new REGULAR BODY, called alfo Platonic Body, is a 

body or folid comprehended by like, equal, and regular 
plane figures, and whofe folid angles are all equal. 

The plane figures by which the folid is contained 
are the faces of the folid ; and the fides of the plane 
figures are the edges, or linear fides of the folid 

There are only five regular folids, viz. 
The tetrahedron, or regular triangular pyramid, ha- 

ving four triangular faces ; 
The hexahedron, or cube, having fix fquare faces; 
The octahedron, having eight triangular faces ; 
The dodecahedron, having twelve pentagonal faces ; 
The icofahedron, having twenty triangular faces. 
Befides thefe five, there can be no other regular bo- 

dies in nature. See Platonic Body, Suppl. 
REGULUS, in aftronomy, a ftar of the firft mag- 

nitude, in the conftellation Leo ; called alfo, from its Reid, 
fituation/ Cor Lconis, or the Lion's Heart ; by the A- 
rabs, Aihabor ; and by the Chaldeans, Kalbeleced, or 
Karbekccid; from an opinion of its influencing the af- 
fairs of the heavens. 

REID (Thomas, D. D.), fo well known to the pub- 
lic by his moral and metaphyiical writings, was the fon 
of the Rev. Lewis Reid, minifter of the pariih of Stra- 
chan, in the county of Kincardine, North Britain. His 
mother was the daughter of David Gregory, Efq ; of 
Kinardie, of whom fotne account has .been given in this 
Supplement, and After to David, James, and Charles Gre- 
gorys, who were at the fame time profeflbrs of aftro- 
nomy, or mathematics, in the univerfities of Oxford, 
Edinburgh, and St Andrews. 

He was born at the parfonage-houfe of Strachan in 
April 1710, and received the rudiments of his educa- 
tion at the parifti fchool of Kincardine-dniel. At that 
period the parochial fchools of Scotland were very fu- 
perior to what they are now ; and young men went 
from them to the univerfity well furnifhed with philo- 
logical learning. The progrefs of young ileid muft 
have been rapid ; for he was removed from Ichool to 
the Marifchal College, Aberdeen, when not more than 
twelve years of age ; and we have never heard that he 
was admitted into the univerfity before he was qualified 
to profit by the lefturesof the profeflbrs. On the con- 
trary, he foon difplayed the genius of his mother’s fa- 
mily, and fhone confpicuous among the Undents of ma- 
thematics in a college where that fcience has been at 
all times cultivated with ardour and fuccefs. 

After the ufual courfe of four years employed in the 
ftudy of Latin, Greek, Mathematics, and Philofophy, 
he probably took his degree of M. A. which at that 
period, and for a long time fubfequent to it, was the 
univerfal pradlice in the univerfity of Aberdeen, and 
then commenced the ftudy of theology. In due time 
he was licenfed to preach the gofpel according to the 
forms of the church of Scotland ; but continued to re- 
fide for fome years in Aberdeen, cultivating his favou- 
rite fcience, mathematics. 

The mathematical chair in Marifchal College was 
then filled by Mr John Stuart, a man of great eminence 
in his profefllon ; but who, like many other profound 
mathematicians, was not happy in his mode of communi- 
cating fcience, at leaft to the duller part of his pupils. 
Mr Re4d occafionally read ledlures for the profeflbr ; 
and a friend of our’s, by no means dull, has often been 
heard to exprefs great fatisfadion that Mr Stuart was 
kept a whole winter from tne fchools, when he was a 
ftudent, and that the clafs was taught by Mr Reid. 
“ Had it not been for this circumftance (laid he) I 
fliould never have underftood more of mathematics than 
the firft fix books of Euclid’s elements; but Mr Reid 
had the faculty of making every thing intelligible to 
the fludents which he clearly apprehended himfelf.” 

He could not, however, fpend his life in the ftudy of 
mathematics, and in reading barren ledures for other 
men. He had been educated for the church ; and it 
was in the church only that he had the profpect of 
gaining a livelihood. He was accordingly prefented, 
we know not in what year, to the church of New 
Machar in Aberdeenfhire, at the time when the good 
people of Scotland were very far from being reconciled 
to the rights of patronage j and the confequence was,. 

that 
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that his fettlement met with much popular oppofition. 
.Even a little riot took place in the church at his ordi- 
nation ; but he foon gained the affections of his flock 
by his good fenfe, his acknowledged worth, and his un- 
wearied attention to all their wants, which he was ever 
ready to relieve to the utmofl: extent of his abilities. So 
deeply rooted indeed was their regard for him at laft, 
that, though it is now almolt half a century flnee his 
relation to the parifh of New Machar ceafed, his me- 
mory continues to be revered in that parifli even at the 
prefent day ; and the following anecdote evinces that it 
is not revered without reafon. 

A man who, from being in decent circumftances, and 
a member of the kirk'feflion (See Presbyterians, En- 
cycl-), when Dr Reid was minifter, had become, in his 
old age, poor and infirm, obferved to the then minifter 
of the parifli, that, if he were able to go to Glafgow, 
and make his cafe known to his old friend and pallor, 
lie was fure that he would get fomething done for him. 
This obfervation was reported to the Do&or, who in- 
llantly recollefted the man, though, in all probability, 
he had not thought of him for thirty years ; and he fet- 
tled upon him an annual penfton of ten pounds, which 
was punctually paid as long as they both lived. The pride 
of fcience had not from the mind of this great man era- 
dicated the amiable fympathies of humanity, nor had 
his philofophic fame made him overlook the unafpiring 
duties of the Chriftian pallor. 

In the year 1751, about the beginning of the feflion 
or annual term, one of the profelfors of philofophy in 
King’s College, Aberdeen, died; and his death being un- 
expected, preTented to the other members of that leariied 
body fome difficulty in carrying on the ufual courfe of 
education for that year. At this our readers will not be 
lurprifed, when they refleCt on the modeon which fcience 
was taught in that univerfity ; for he who could with 
propriety be placed in the vacant chair, mull have been 
cjualified, without much previous preparation, to read 
ledlures on Logic, Ontology, Pneumatics, Morals, 
Politics, Mathematics, and Natural Philoso- 
phy (See Gerard, in this Suppl.) In fuch a place 
as Aberdeen, it is hardly to be fuppofed that there 
was a Angle man 'unemployed, fo completely mailer 
of all thefe branches of fcience, as to take up the clafs 
where it was dropt by the deceafed profeffor, and 
carry it fuccefsfully through that fcience, whatever it 
might be, in which, at his death, he chanced to-be lec- 
turing. It occurred, however, to the principal, and 
fome of the profeffors, that the miniller of New Machar 
was fully equal to the talk ; and the late Dr John Gre- 
gory, then profeffor of medicine, and the Rev. Dr 
Macleod, the prefent fubprincipal of King’s College, 
were deputed to vilit Mr Reid, and requell his imme- 
diate acceptance of the vacant profefforlhip. He yield- 
ed to the requell not without fome hefitation, and was 
admitted profeffor of philofophy on the 22d of No- 
vember. 

He was now in the very iituation for which Nature 
feemed to have intended him. He had not only an 
opportunity, but it was his duty to cultivate the fcience 
to which his attachment was fo llrong ; and the duties 
of his office made him turn his attention more clofely 
than lie had hitherto done to another fcience, in which 
he was dellined to make a more confpicuous flgure than 
be ever made even in his favourite mathematics. 

R E I 
It was during his profefforlhip in the liniverfily of 

Aberdeen that he wrote his “ Effay on Quantity,” 
which was publilhed in the 45th volume of the Philofo- 
phical Tranfadlions, and is perhaps the ftnell fpecimen 
of metaphylical mathematics, if we may ufe fuch an ex- 
preffion, that is extant in our own or in any other lan- 
guage (See Quantity, EncycL). It was during the 
fame period that he publiftied his “ Inquiry into the 
Human Mind on the Principles of Common Senfe a 
work of unquetlionable merit, wfliich has contributed 
more than any other wmrk whatever to give a rational 
turn to metaphyflcal fpeculations. It was about this 
period that the degree of D. D. was conferred upon 
him by his mother-college. 

The well-earned fame of Dr Reid attra&ed the at- 
tention of the univerftty of Glafgow to him as the At- 
tell perfon to fucceed the celebrated Dr Adam Smith ; 
and he was admitted profeffor of moral philofophy in 
that univerflty on the 1 ith of June 1764. There his 
attention was not diltradled by a multitude of fciences, 
which it was Ins duty to teach ; and he had leifure to 
improve his metaphyflcal fyftem, though he continued 
through life to amufe himfelf occaflonally with mathe- 
matical fpeculations. 

In the year 1773 appeared, in Lord Karnes’s 
“ Sketches of the Hiftory of Man, a brief Account of 
Ariftotle’s Logic ; with remarks by Dr Reid.” It 
wmuld feem that he had entered upon this talk rather 
reluctantly, and merely in compliance with the folicita- 
tions of his friend, the author of the Sketches. “ In 
attempting (fays he) to give fome account of the ana- 
lytics, and of the topics of Ariftotle, ingenuity requires 
me to confefs, that though I have often purpofed to 
read the whole with care, and to underlland what is in- 
telligible, yet my courage and patience always failed be- 
fore I had done. Why lhou)d I throw away fo much 
time and painful attention upon a thing of fo little ufe ? 
If I had lived in thofe ages when the knowdedge of 
Ariftotle’s Organon intitled a man to the highell rank 
in philofophy, ambition might have induced me to em- 
ploy upon it fome years of painful lludy ; and iefs, I 
conceive, wrould not be fufficient. Such refledlions as 
thefe always got the better of my refolution, when the 
Aril ardour began to cool. All I can fay is, that I have 
read fome parts of the different books with care, fome 
flightly, and fome perhaps not all. I have glanced 
over the whole often ; and when any thing attraCled 
my attention, have dipped into it till my appetite was 
fatisfied.” 

Notwithllanding this modell acknowledgment, we 
are not fure that any one of Dr Reid’s publications does 
him greater honour than his very perfpicuous view of 
this itupendous fyllem. Having ourfelves occalion- 
ally looked into the writings of Arillotle, we fhould 
not hefitate to fay, that it is by much the bell analyiis 
of thefe writings that we have any where met with, even 
though we could not corroborate our own opinion by 
that of other men much more converfant than we are 
with the oracular language of the Stagyrite. But 
when it is known that the late Dr Doig of Stirling, to 
whom Greek was as familiar as his mother tongue, and 
an equally learned Dodlor of Oxford, who has been 
reading Arillotle ever Ance he was fourteen years of 
age, agreed in opinion, that a more accurate view of his 
logic could not be given in the fame compafs than had 

been 
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Reid. be«n given by Dr Reid, we may fureiy affirm, with feme 
i—v   degree of confidence, that this fmall work adds much 

to the fame of our celebrated countryman. 
Though Dr Reid’s health continued good, and his 

mental faculties unimpaired, till a very fhort time before 
his death, he ceafed for fome years to read lectures from 
his profeffional chair, employing that time in prepaia- 
tions for eternity, and in fitting his lectures for the 
prefs. Thefe were publilhed in two volumes 4to : the 
firft in 1785, under the title of “ Effays on the In- 
telleAual Powers of Man,” dedicated to his friends Dr 
Gregory and Profeffor Stewart, both ol the univerfity of 
Edinburgh ; and the fecond in 1788, under the title of 
“ EflaysTon the Adive Powers of Man,” without any 
dedication or preface. He continued to enjoy the 
fame acquired by this work, as well as the afFedion of 
his friends and the reverence of the public, for eight 
■years, dying at Glafgow in the end of September, or 
the beginning of Odober 1796, in the 87th year of 
his age. He had been married, and he left behind him 
one daughter. 

To do jullice to the biography of fuch a man as 
this, we (hould here attempt to draw his intelledual 
charader, and to appreciate the merits of his works ; 
but to perform this talk in a manner at all worthy of 
him, or we hope of ourfelves, would require more room 
than our limits permit us to allot to any article of the 
kind ; and our readers will be pleafed to learn, that they 
may confidently exped an account ot his life, with a 
critique on his works, by a man better qualified to do 
jullice to both, than the writer of this fhort flcetch pre- 
tends to be. His works are in the hands of the fpe- 
culative public; and by that public will be duly valued, as 
long as found fenfe {ball be preferred to impious jargon. 
Plow long that may be, God only knowrs ; but if any 
thing can guard the minds of our youth againfl that 
fophitlry of which the objed is to attribute real agency 

. to material fluids, and to reprefent the eledive attrac- 
tions of chemiftry as perfedly fimilar to human voli- 
tions, it will be the unbiafied ftudy of Dr Reid’s “ Ef- 
fays on the Intelledual and Adive Powers of Man.”' 
They will there find metaphyfics diverted of myftery, 
and the profoundeit fpeculations rendered intelligible 
by the conftant ufe of words in one determined fenfe. 
We think, indeed, that in this confifts the Dodor’s 
chief merit ; for, except when treating of our notions 
of power, he feems not to have added much to what 
certainly may be found in the writings of Locke. 

Let not our readers fuppofe, that by this obfervation 
we wifh to detrad in the fmalleft degree from our au- 
thor’s fame, or to leffen him by comparifon with the 
Englifh philofopher. If on mere topics of fpeculative 
fcience, he appears to us to have thought as Locke 
thought, it is on the other hand certain, that the greater 
part of Locke’sdodrinesmay be gleaned fromthe logical 
and metaphyfical writings of Bacon, Hobbes, and Des 
Cartes. Nor need this furprife any one ; for he who 
refleds a moment on the fubjed, muft perceive that 
fuch a coincidence of thought in metaphyfical fciencc 
is among men of eminence almoft inevitable. Of mind 
and its powers—the fubjed of that fcience—we neither 
know, nor can know any thing, but by patiently at- 
tending to the operations of our own minds, when we 
fee, hear, feel, think, reafon, and will, &c.: and it is 
obviQus, that every man who is capable of -iUcu patient 

attention, and does not labour under the bias of fome 
prejudice, muft view thefe operations in the fame way. 
The great fuperiority of Dr Reid over his predeceffors, 
in this department of fcience, appears to have been this, 
that he apprehended the operations of his own mind 
with a clearnefs, which gave to his language a precifion 
and perfpicuity which the language of Locke certainly 
does not portefs. 

In the Efiay on the Human Underftanding, the term 
idea fometimes fignifies a material fubftance, fometimes 
the qualities of that fubftance, fometimes the concep- 
tion of thefe qualities, fometimes the power or faculty 
of the mind by which we conceive a thing, fometimes a 
perception of fenfe, and fometimes an intelledual no- 
tion. Hence the ambiguity of terms which runs thro* 
the whole of that immortal work, has furnifhed both 
the author’s friends and his enemies with an opportu- 
nity of attributing to him pernicious dodrines, which 
we are perfuaded he did not maintain, and which, we 
think, a patient analylis of the effiiy muft convince every 
man that he did not maintain. From this ambiguity 
the writings of Dr Reid are perfedly free. His doc- 
trines, whether well or ill-founded, can never be mifun- 
derftood by him who is defirous to underftand them ; 
and he who knows how much perfpicuity of ftyle de- 
pends upon accuracy of thinking, will not deem us ene- 
mies to his fame for having laid that his chief merit con- 
fills in the precifion of his language. 

He has been much cenfured by fome, and much ap- 
plauded by others, for introducing the phrafe common 

fenfe into fpeculative philofophy, as the proper name of 
that faculty of the mind by which we apprehend firft 
truths : but he is on this account entitled neither to 
praife nor to cenfure. He adopted the phrafe from 
others ; and has proved, by the moll unexceptionable 
authorities, both ancient and modern, that it may with 
great propriety be ufed as he has ufed it. Whether 
the adopting of it into works of fcience was neceffary, 
is another queftion, on which we have given our opi- 
nion elfewhere ; it is fufficient in this place to vindicate 
his ufe of it, efpecially in his latter works, from ambi- 
ghity. 

Candour obliges us to acknowledge, that he has ad- 
vanced fome dodlrihes which we cannot admit as true. 
Though not in general partial to Locke, he has adopt- 
ed his notions refpeding our power of abltradlion with 
hardly any other variation than the fubilituting of the 
term conceptions for Locke’s favourite phrafe ideas. He 
has likewife endeavoured to prove, that we may diftindt- 
ly conceive what cannot poffibly exift. Thefe miftakes, 
for fuch they appear to us, we have pointed out elfe- 
where (See Metaphysics, Part I. Chapt. iii. and iv. 
Encycl.) ; but they are infinitely more than counterba- 
lanced by his clear, accurate, andfatisfadory difquifitions 
on our notions of adive power. Had Dr Reid never 
written a fentence but the eflay which treats of this de- 
licate and important fubjed, he would have been en- 
titled to a place in the very firft rank of ufeful meta- 
phyficians ; for, previous to the appearance of his works, 
we had nothing written diredly on power but contra- 
didory and unintelligible jargon. We recommend the 
ferious perufal of this eftay, the firft in his fecond vo- 
lume, to fuch of our readers as fancy that they diftind- 
ly conceive the powers of chemical agents, and that in- 
telligence and volition may refult from any mechanical 

organization j 



Reifke. 
R E I 

or any combination 
r 400 ] r e p • • 

whatever of matter This John James Reiflte mud not he confounded with 
John Reijhe, reftor of the college of Wolfenbuttel, who 
was alfo a leainetl man, and publifhed various works *. 

REMONS 1 RANTS, in church hiftory, a title gi- 
ven to the Armin ians (See that article, Encycl.) by'  
reafon of the remonltrance which, in 1610, they made * Biei 

organization 
and motion. 

REISKE (John James), a meft profound fcholar 
and fugacious critic, was born in 1706 at a fmall town 
of the duchy of Anhalt. After Eruggling with fome 
difficulties in 'his fchool education, in which, however, 
he, by perfeverance, obtained conliderable advantages, 
he went, in 1733, to Leipfic; where he continued, for 
the fake of ft tidy, five years. Here he accompliftied 
himfelf in Arabic, and tranflated and publifhed a book 
from that language. In order to profecute his ftudy 
of Arabic with greater effed, he travelled on foot, and 
with many difficulties, to Leyden. Here he was em- 
ployed in arranging the Arabic manuferipts, for which, 
however, he received a very fcanty compenfation ; and 
here alfo he tranflated from the German and French, 
into Latin, various effays fet him by Dorville, whom 
he had vifited in his journey, and who afterwards in- 
ferted thefe papers in the Mifcel/anea CritUa. Dorville 
was fo well pleafed with his fkill and diligence, that he 
employed him in more important concerns. At his de- 
fire, Reifke tranflated the whole of the Chariton from 
the Greek, and the Geography of Abulfeda from the 
Arabic, into Latin. At Leyden he continued for the 
fpace of eight years ; where a ftorm of jealoufy and ca- 
lumny, excited againft him by the younger Burman, fi- 
nally induced him to change his relidence. This was 
principally owing to the freedom he ufed with refped 
to the edition of Petronius, edited by the younger Bur- 
man at Leyden ; however, before he quitted it, he took 
the degree of doftdr of phyfic, which was given him in 
a manner which did him the higheft honour. He then 
viiited different parts of Germany, till he at length fet- 
tletl at Leiplic a fecond time. Here, for twelve years, 
notwithftanding he was made profeffor of Arabic, he 
experienced all the inconveniences of poverty, and was 
obliged to. undergo a great deal of drudgery for book- 
fellers, and the editors of periodical publications, to 
procure a fubfiftence; at this period, in particular, the 
slda Eruditorum were greatly indebted to him. Amidll 
all thefe hardfliips, however, he found opportunity to 
write, and to publifh, his Jlnimadverjiones in Audores 
Gracos, in five volufnes ; a work of extraordinary learn- 
ing and merit. In 1758, by the death of Haltaufius, be 
obtained a fituation at once honourable and lucrative, 
which placed him above want, and enabled him to fol- 
low his favourite purfuits at eafe. He was made rec- 
tor of the academy at Leipfic, in which office he con- 
tinued till the time of his death. In 1764, he mar- 
ried Erneflina Chriftina Muller, a woman of wonderful 
attainments, whofe knowledge was hardly inferior to 
his-own, and particularly in Greek literature. She af- 
fifted him in all his literary labours, and efpecially in 
his immortal work of the “ Edition of the Greek Ora- 
tors.” Thus, in the manner mofl grateful to himfelf, 
Reifke confumed the remainder of his life, which con- 
tinued till 1774, when he died poflefied of the higheft 
reputation. The number of works which he fuperin- 
tended and publiflied is very great; but it will be fuf- 
ficient to name thofe which are mofl fought after and 
efteemed. Thefe are, the “ Remarks upon Greek Au- 
thors,” before mentioned. An “ Edition of the Greek urucxure . a, 
Orators,” in 12 vols 8vo, which was finifhed by his wi- t;rniar ’a t>„, ,1 <- r 

1 * , . , * t 
dow. “ Dionyfius Halicarnaficnfis,” in 7 vols. “Flu- ’and ound^he 1 ^ h" ^ ^ 
tarch’s Works,” in 9 vols. “ Theocritus, &c. &c ” a H f!’ • h frrface r.emainS vold* V xiicutmus, etc. etc. without, however, being ufclefs j for, as it has a pro- 
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edit. 

1 LiiV-Y IIICIVJV, « 
to the States of Holland, againft the fentence of thejD,V?*new 

fynod of Dort, which condemned them as heretics.* 
Epifcopius and Grotius were at the head of the Re- 
monjrants, whofe principles were firft openly patromfed 
in England by Archbifhop Laud. In Holland, the pa- 
trons of Calvimfm prefented an addrefs in oppofition to 
the remonftranee of the Arminians, and called it a 
counter-remonftrance. Hence the Dutch Calvinifts 
were termed Counter Remonjirants. Much controverfy 
was carried on by thefe rival feds, which, on the fide 
of the Calvinifts, was extremely illiberal. 

REMORA, or Sucking Fish, a fpecies of Eche- 
neis (See Encycl.'), M. Vaillant found, upon different 
parts of his enormous ray (See Raja in this Suppl.) 
about twenty fmall fucking fifh, or remoras, fattened fo 
firmly that they did not drop off when he was hoifted 
on board. Some naturalifts have faid, that the head of 
the fucking fifh is vifeous on the lower part, and fur- 
nifhed with rough points fimilar to the teeth of a file ; 
and, according to them, it is by means of thefe two 
qualities, its roughnefs and vifeofity, that it is enabled 
to adhere to other fifli. 

. “ Figure to yourfelf (fays one of them) a row of 
nineteen fharp-edged and dentated laminse, placed crofs- 
wife, and iffuing immediately from the rim of the lower 
jaw, and you will have a juft idea of the part with which 
the remora makes itfelf faft.” 

This defeription (fays Vaillant) is exadt as far as re- 
lates to the figure and number of the dentated lamina; ; 
hut it places them on the lower part of the head, 
whereas they are, in reality, on the upper. Accord- 
ingly, when the remora fixes itfelf, it is obliged to turn 
upon its back, with its belly upward. 

If the two white fifh, however, that potted them- 
felves 011 the arms of the ray, and ferved him as pilots, 
be of the remora fpecies, as he is inclined to think, the 
lanrume by which that variety adheres to other fifties 
muft be on the lower part of the body, fince the two 
pilots.continued in their natural pofitien, and had no 
occalion to turn over to fix themfelves at their poll. 

FE1 ET. END, in arithmetic, denotes that part of 
an infinite decimal fra6tion, which is continually re- 
peated ad injimtum. Thus in the numbers 2*1 3 13 
8tc, the figures 13 are the repetend, and marked thus 
I3- 

REPUBLICANS, the name given by Vaillant, 
with fome propriety, to a kind of birds which were ob- 
ferved in South Africa, both by him and Paterfon, to 
inhabit apparently the fame enormous neft. Cutting 
one of thefe nefts in pieces with a hatchet, he percei- 
ved that the principal and fundamental piece confifted 
of a mafs of ftrong coarfe grafs (called by the Hotten- 
tots Bojhmen’s grafs), without any mixture, but fo 
compact and firmly knit together as to be impenetrable 
to the ram. This nucleus is the commencement of the 
fti udture ; and each bird builds and applies to it its par- 
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ItSfutili- jesting rim, and is a little inclined, it ferves to let the 

, water run off, and preferves each dwelling from the 
■ rain. Figure to yourlelf a huge irregular mafs, the 

fummit forming a kind of roof, and all the other parts 
of the lurface completely covered with cells fqueezed 
one againft another, and you will have a tolerably ac- 
curate idea of thefe Angular edifices. 

Each cell is three or four inches in diameter, which 
is lufficient for the bird. But as they are all in con- 
tact with one another through the greater part of the 
Surface of the mafs, they appear to the eye to form but 
one building, and are diffinguifliable from each other 
only by a little external aperture, which ferves as an 
entrance to the nefl ; and even this is fometimes com- 
mon to three different nefts, one of which is fituated at 
the bottom, and the other two at the iides. 

The nelt which he examined contained 320 inha- 
bited cells, which, fuppofing a male and female to each, 
announce a fociety of 64.0 individuals. Such a calcu- 
lation, however, would not be exadf ; for whenever our 
author fired at a flock of thefe birds, he always killed 
four times as many females as males. “ For the reft 
(lays he), thefe birds have nothing very remarkable in 
their plumage. It is an uniform brown gi"ey, diverfi- 
fied by a few black fpots on the fides, and a large 
patch of the fame colour on the throat. The male is a 
little larger than the female ; in other refpe&s they ex- 
a&ly refemble each other.” 

RESIDUAL analysis, a calculus propofed by the 
inventor, Mr Landen, as a fubfiitute for the method of 
fluxions.. The objeft of this fubftitution was to avoid 
introducing the idea of motion, and of quantities infi- 
nitely or indefinitely fmall, into mathematical inveftiga- 
tipn. 1 he refidual analyfis accordingly proceeds, by ta- 
king the difference of the fame funftion of a vari- 
able quantity in two different iiates of that quantity, 
and exprelfing the relation of this difference to the 
diffei ence between the two ftates of the faid variable 
quantity itfelf. This relation being lirft expreffed gene- 

, rally, is then coniidered in the cafe when the difference 
of the two ftates of the variable quantity is = o ; and 
by that means it is evident, that the fame thing is done 
as when the fluxion of a function of a variable quantity 
is afligned by the ordinary methods. 

Fhe evolution of the fundfions, confidered in this ve- 
ry general view, icquires the afliftance of a ne\V theo- 
rem, difcovei ed by Mr Landen, and remarkable for its 
fimplicity, as well as its great extent. It is, that 

if k «nd v are any two variable quantities, 

— V V1 V3 

I+;+?+p + ---W 

X V 

n 1 

= x X 
3m 

1 + 
where m and « are any integer numbers. 

This theorem is the bails of the calculus ; and from 
« VI 

the expreflions x •— vn, and x v having the form of 
Suppl. Vol. II. Part II. 
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what algebrnifts call refiduah, the ingenious inventor gave Kcfufual 
to his whole method the name of the rcfidml anal yds. . H 

The fir ft. account of this method was publiflied by ReV!V,i c:' 
Mr Landen in 1758, under the title of a Difcourfe con- < - 
truing the Refulual Analyfis. The firft book of the 
Refidual Analyfis itfelf was publiihed in 1764; and 
contained an explanation of the principles of the new 
calculus, with its application to ieveral of the moft con- 
fiderable problems belonging to the diredt method of 
fluxions. I he fecond book was intended to give the 
folution of many of the moft difficult problems that be- 
long to the inverfe method of fluxions, or to the inte- 
gral calculus ; but it has never been pubhfhed : a clr- 
cumftance which every one, who has taken the trouble 
to ftudy the firft part of the work, will very much 
regret. 

If we eftimate the value of the refidual analyfis 
from the genius, profound knowledge, and exteniive 
views required to the difeovery of it, it will rank high 
among works of invention : but if, on the other hand, 
we eftimate its value by its real pradlical utility, as an 

1 ument of invefti^ation, we muft rate it much lower. 
When compared with the fluxionary calculus, which it 
was intended to luperfede, its principles, though in ap- 
pearance more rigorous, are much lefs eafily appre- 
hended, much lefs luminous, and lefs diredt in their ap- 
plication . and therefore, as a means of extending the 
bounds of mathematical fcience, it muft ever be regard- 
ed as vaftly inferior to the latter (a.) 

ICULA, or Rkticule, in aftronomy, a con- 
trivance for meafuring very nicely the quantity of cclip- 
ics, See. This inftrument, introduced iome years fince 
by the Pans Academy of Sciences, is a little frame, 
con fitting of t3 fine filken threads, parallel to, and 
equidiftant from, each other, placed in the focus of ob- 
jeft glaffes of telefcopes ; that is, in the place where 
the image of the luminary is painted in its full extent. 
Coufequently the diameter of the fun.or moon is thus 
feen divided into 1 2 equal parts or digits : fo that, to 
find the quantity of the eclipfe, there is nothing to do 
but to number the parts that are dark, or that are lu- 
minous. As a fquare reticule is only proper for the 
diameter of the luminary, not for the circumference of 
it, it is fometimes made circular, by drawing fix concen- 
tric equidiftant circles, which reprefents the phafea of 
the eclipfe perfedtly. But it is evident that the reti- 
cule, whether fquare or circular, ought to be perfedtly 
equal to the diameter or circumference of the fun or 
ftar, fuch as it appears in the focus of the glafs ; other- 
wife the divifion cannot be juft. Now this is no eafy 
mattei to effedt, beesufe the apparent diameter ot the 
fun and moon differs in each eclipfe ; nay, that of the 
moon differs from itfelf in the progrefs of the fame 
eclipfe. Another irnperfedtion in the reticule is, that its 
magnitude is determined by that of the image in the fo- 
cus ; and of confequence it will only fit one certain mag. 
nitude. . See Micrometer, Encycl. 

REVETEMENT, in fortification, a ftrong wall 
built on the outfide of the rampart and parapet, to fup. 
port the earth, and prevent its rolling into the ditch. 

REVIVIFICATION, in phyfiology, the recalling 
3 E to 

verfily ofEdinburgh?^thC We ^ °bH2ed to Mr PIa>’faiV Profeffor of Mathematics in the Uni- 
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Rcvivifica- to life of animals apparently dead. There are many 

tion, kinds cif infedfs which may be revivified, after ail the 

Rpinn powers of animation have been fufpended for a confi- 
I795< ’derable time. Common flies, {mill beetles, fpiders, 

* '--y—■-< moths, bugs, &c. after being drowned in fpirit of wine, 
and continuing apparently dead for more than a quarter 
of an hour, have been reftored to life merely by being 
thrown among wood aflies (lightly warm. 

While Dr Franklin redded in France, he received 
from America a quantity of Madeira wine which had 
been bottled in Virginia. In fome of the bottles he 
found a few dead flits, which he expofed to the warm 
fun, it being then the month of July ; and in lefs than 
three hours thefe apparently dead animals recovered life 
which had been fo long fufpended. At firlt they ap- 
peared as if convulfed ; they then raifed themfelves on 
their legs, wafhed their eyes with their fore feet, dreffed 
their wings w'ith thofe behind, and began in a little time 
to fly about. _ . ., . 

But the moft extraordinary inftance of revivification 
that we ever heard of, is the following : In the warmer 
parts of France there is an i»fe& very deftruftive to 
rye, which feems to begin its operations at the root of 
the plant* and gradually to proceed upwards to the ear. 
If the plant be completely dried while the in fed is in 
the root or ftem, the animal is irrecoverably killed; but 
after it has reached the grain, the cafe is very different. 
There have been in fiances, which are noticed in the 
Academy of Sciences, of thefe infeds being brought 

», • , > to life in a quarter of an hour, by a little warm water, 
after the grains, in which they were lodged, had been 
kept dry for 30 years. 

What is the metaphyfician to think of thefe phae- 
nomena, or what conclufion is he to draw from them 
with refped to the mind or fentient principle ? If he be 
a fober man, he will draw no conclufion ; and for this 
very good reSfon, that of the fentient principle of in- 
feds, and indeed of every animal but man, he knows 
nothing. He is confcious that it is the fame individual 
being, which, in himfelf, thinks, and wills, and feels ; he 
knows, that part of his thought is not in one place and 
part of it in another ; and therefore he rationally con- 
cludes that this thinking being is not matter, whilft ex- 
perience teaches him that it quits the material fyftem 
as foon as that fyftem becomes completely unfit to dif- 
charge its fundions, and that when it has once taken 
its flight, it. cannot be recalled. Experience teaches 
kirn, on the other hand, that the fentient principle of 
thefe infeds does not quit the material fyftem as foon 
as that fyftem feems unfit for its fundions ; and hence 
he ought to infer, that the minds of men and of infeds 
(if we may ufe fuch language), though probably both 
rmmatenal are very different fubftuncts ; and that the 
bond which unites the material and immaterial parts of 
an infed, is certainly different from that which unites 
the mind and body of man. rl his is the only inference 
which can be legitimately drawn from thefe phenomona; 
and he who makes them the balls of nraterialifm, mult 

*16 have his judgment warped by forne paffion or prejudice. 
Narrative REVOLUTION of Fuance. We formerly pre- 
continued. fentecj to our rea(lers a concife ftatement of the com- 

mencement and progrefs of this extraordinary event 
(See Revolution, EncycL). The Angularity of its 
nature, and the important place which it muft hereafter 
occupy in the moral and political hiftcry of mankind, 

require that we fhould now refume and continue the French 
detail of its wide walling career. We left the fubjed ^cvo'ut^n> 
towards the commencement of the year 1795, at the J 
clofe of that wonderful campaign, during which the 
armies of the Republic had exerted themfelves with 
fuch unparalleled fuccefs in every di red ion. On the 
one fide they had crofted the Pyrennees., and fhaken 
the Spauifh monarchy to its centre ; while on the other 
they had driven the united forces of Auftria, Prufiia, 
and Britain, from the walls of Landrecies acrofs the 
Rhine, at all points from Hageneau to the fea, and had 
finally clofed their efforts by the conqueft of Holland. 
At that period, though a prolongation of hoftilities 
was threatened, we fcarctly expeded that Europe was 
fo foon to witnefs, or we to record, a fucceflion of mi- 
litary enterprifes of a ftill more romantic and extraordi- 
nary nature, the feene of which was even to extend into 
barbarous countries, where the opinions and the quarrels 
of the European nations had hitherto remained unknown. 1I7 

The campaign of 1794, however, was not imme-Diminifhei 
diately followed by any important military exertions. energy °f 
The Britifh troops were recalled home, Pruffia had^9°"* 
been gradually withdrawing from the coalition, and the * 
Aullrian armies remained upon the defenfive. Neither 
was the French government in a fituation which could 
enable it to renew its enterprifes with vigour, or to 
give much trouble to the allies. The Convention flill 
exifted ; but it was no longer that terrible affembly 
which, under Robefpierre and his affociates, had, in the 
fliort period of fifteen months, reduced two thirds of 
France under its dominion, and fent forth armies which 
the combined ftrength of the reft of Europe feemed 
unable to refill. While its authority remained almoll 
concentrated in one man, and while the fear of foreign 
invafion, and the new born enthuliafm for freedom, in- 
duced the people to fubmit to every meafure of go- 
vernment, however oppreffive or arbitrary, the power 
of the Convention, and the number of its armies, were 
unbounded. The dreadful price, however, which they 
had paid for liberty, and the facility with which they 
favv it might be loft,, had now diminiflied the political 
zeal of all claffes of citizens. The removal of the fo- 
reign armies had difpelled live dread of invafion, and 
the death of Robefpierre, by diffolving the unity of its 
efforts, and fuffering it to fall into contending fa&ions, 
had greatly weakened the authority of tlie Convention, 
and diminifhed its efficiency as a government. 

The fall of Robefpierre had been accomplifhed by two 
feparate confpiracies. At the head of one of thefe were, 
Barrere, Biilaud Varennes, and Collot d’Herbois, who 
had been members of the Committee of public fafety. 
Tire other confpiracy confifted of members of the Con- 
vention who did not belong to the committees, and had 
no immediate fhare in the adminiftration. Among 
thefe, Taltien, Bourdon de POife, and Lecointre of 
Verfailles, were confpicuous. After the deftruftion of 
their mutual tyrant, a conteft for power took place be- 
tween thefe parties. The popularity of Robefpierre 
had once been fo confiderable, and all men had fubmit- 
ted fo tamely to his dominion, tliat both parties ac- 
counted it neceffary, in their fpeeches and writings, toAnd dif- 
juftify to the nation the fhare they had t3ken in 

complifhing his ruin. It was eafy to be eloquent 
fuch a topic r but its difeufixon naturally operated to 
the diferedit of the members of the committee, and of 

the 
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the move violent Jacobins, who had been the immediate 
‘•inftruments for carrying- into effedt his fanguinary mea- 
fures. They neverthelefs retained poflefiion, for feme 
time, of a confiderable portion of power. The current 
of public opinion, however, ran fo itrongly againft them, 
and the reitoration to their feats in the Convention of 
the feventy one impriioned members of the Giron dill 
party, added fo much to the ftrength of their antago- 
nifts, that they gradually loll their influence, and were 
threatened to be brought to trial for their eondudt. 

As early as Augull 1794, Lccoiutre of Verfailles 
had denounced the members of the old committee of fafe- 
ty ; but his accnfation at that time produced little ef- 
fect. Towards the end of that year, however, their ap- 
proaching fall became evident. On the 26th of De- 
cember the Convention ordered, on the motion ofChm- 
zel, that the committees Ihould immediately report up- 
on the condudt of the reprefentatives denounced by De- 
coin t re and all France. Accordingly, on the following 
day, Merlin of Douay reported, in the name of the 
committees, that there was no caufe for inquiry into the 
condutb of Vouland, Amar, and David ; but that there 
was room for examining the conduct of Barrere, Billaud 
Varennes, Collot d’Herbois, and Vadier. 

In confequence of this report, a committee of twenty- 
one members was appointed to make the enquiry. On 
the 2d of March this year (1795), Saladin prefented 
the report of the commiffion ; in which thefe four de- 
puties were aecufed of having participated, as members 
of the governing committee, in the tyranny and atroci- 
ous meafures of Robefpierre. Their trial commenced 
before the Convention on the 22d of March ; but pre- 
vious to that period, Vadier had made his efcape. The 
others remained, and relied their defence upon this 
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furgents arrived, drove the centinels from their pofts, French 
and fuddenly filled the hall. They tumultuoufly Je. 
manded “ Bread, and the Conflitution.” The Jacobin 
party lupported the infurgents ; and one of the multi- 
tude, in a vehement harangue, exclaimed, “ We are 
men of the 14th of July, of the 10th of Auguft, and 
of the 31ft of May.” He demanded, that the Con- 
vention Ihould change its late meafures, that the people 
fhould no longer be the vitlim*. flf mercantile rapacity, 
and that the acculed patriots Ihould not be facrificed 
to the pa {lions of their antagomlls. The Convention 
ordered the toefin to be rung, and the people of Paris 
to be called to arms General Pichegru was in Paris 
at the time ; and, upon the motion of Barras, he was 
appointed to the command of the military force. 22l 

The citizens of Paris, who remembered with horror Which is 
the domination of Robefpierre and his adherents, and<fut‘hed by 
now faw themfelves menaced with its return, inllantly F;chegru« 
called each other to arms, and afl'embled, bv fix in the 
evening, for the prote&ion of the Convention^ to the 
amount of 20,000 men. Till that time the aflembly 
had remained under no fmall difquietude, furrounded 
by the infurgents, and liftening to the addreffes of their 
orators, and the fpecches of the Jacobin minority in 
their favour. The majority was now refeutd from this 
date of conftraint ; and, on the motion of Dumont, 
without proceeding farther in the trial, it was decreed 
that Barrere, Collot d’Herbois, and Billaud Varennes, 
fhould immediately be tranfported to Guiana. 

During the following day the infurgents were com-Vidfo-y of 
pletely fubdued ; and the majority of the Convention,the Coo- 
taking advantage of their vidlory', decreed the arreft veil^0IJ> 

and confinemen ., in the caltle of Ham in Picardyvof fe- 
veral of the moil obnoxious of their antagoniftg. A-         “ ..  vy. .wu.i UIJI.-JAIDun UI ciicir aniagoniitg. 

ground, that although members of the committee of mong thefe were Leonard Bourdon, Duhcm, Chafles, 
iatetv. tll^V Hsd IlO OOWPI* ipii TUT      1. . 1 t 
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iafety, they had no power to refill Robefpierre, and 
that they were not more culpable in having acquiefced 
in his tyranny than the other members of the Conven- 
tion, who had all been overpowered for the time by the 
knowledge that inftant definition awaited every man 
who fhould dare to oppofe his meafures. Except in 
the cafe of the cruelties committed bv Collot d’Her- 
bois at Lyons, this defence was probably by no means 
deflitute of foundation. It had much weight with the 
nation at large ; in whofe eyes it tended, not to excul- 
pate the three perfons now accufed, but to criminate 
and degrade the charadler of the whole Convention. 

Carnot, Lindet, Cambon, Duhem, and the other 
members of what was now called the Jacobin party> de- 
fended their leaders with coniiderable ability, and with 
much vehemence. Nor was the party lefs a£live with- 
out doors than within the hall of the Convention. For 
fome time they had drawn their friends to the capital 
from all quarters of the country ; and in the morning 

Choudieu, Ruamps, Foufledoire, Huguet, Bayle, Lo- 
cointre, Cambon, Thuriot Maignet, Heutz, Crafibus, 
and Levafleur. By departing from the punifhment of 
death, and adopting that of banifhment on this occa- 
fion, the Convention expe&ed to diminilh the ferocity 
of the contending factions in the flate, by rendering the 
refult of a political defeat lei's fatal than formerly. The 
defign was good ; but in attempting to accoinpliih it, 
they eilabliflied the pernicious precedent of inflidling 
punifhment without a trial, which could fcarccly fail to 
prove highly dangerous, if not ultimately fatal, to all 
their protpeC/b of a free and juft government. 

The Convention now followed up its vidlory with Propoial 
the popular meafure of preparing for its own diflblu-for a new 
tion, by endeavouring to frame a fixed conftitution forf.onftitu* 
the Republic. The conftitution which had been de-tlon* 
creed in 1793, under the aufpices of Robefpierre, was 
confidered as impraAicable, and a committee was ap. 
pointed to report upon the meafures which ought now-       — - w — - y w* * » * WlAV. AA1\_/A till! ^ J^WAAAWV-VA W V# A V. J. 7 V 

fitting of the firft of April, they commenced their ope- to be adopted. It confifted of Sieyes, Cambaceres 
rations by an open infurredlion. An immenfe multi- Merlin of Douay, Thibaudeau, Mathieu, Le Sage of 
tude having affembled in the fuburbs, proceeded to the 
hall of the Convention. A real or fadlitious fcarcity 
exifted at the time. ’Faking advantage of this circum- 
ftance, they pretended they were going to petition for 
bread; and this pretence drew numbers along with them 
who had no fhare in their deligns. 

Boiffy d’Anglas, a confpicuous member of the mo- 
-derate party, was addrefling the Convention upon the 
means of removing the prefent fcarcity when the in- 

Eure and Loire, and Latouche. On the 19th of April, 
Cambaceres reported, that it was the opinion of this 
committee that a commiffion fhould be appointed to 
frame an entirely new conftitution. The Convention 
accordingly appointed the following perfons to this im- 
portant office, Le Sage, Louvet, Boiffy d’Anglas, 
Creuze, Latouche, Bertier, Daunow, Baudin, Durand,' 
Maillane, Languinais, La Reveillere Lepaux, and Thi- 
baudeau. All other citizens of every defeription were 
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Trench at the fame time invited to communicate proje&s upon 

Revolution,fuhjeft, and the committee was required to order 
the belt conceived of thele to be printed. . ^ 

The Convention farther gratified the feelings of the 
great majority of the nation, hy bringing to trial Fou- 
quier Jthville the prefident, and fifteen judges and jurors 
of the late revolutionary tribunal. They were convift- 
ed on the 8th of May, and .executed on the following 
day, amidfl the execrations of a multitude of fpe&ators. 

In the mean time, though defeated on the ifl and 
2d of April, the Jacobins by no means confidered them- 

Ntw infur-felves as fubdued. On the contrary, they were prepa- 
redhon of rjng a ntvv an(I more extenfive infurreftion, which 
the fliould not, like the former, be confined to the capital. 

They fixed upon the 20th of May as the day of revolt. 
Thuriot, and Robtfpierre’s financier Cambon, had 
found means to escape from the cafile of Ham in Pi- 
cardy,. and to come to Paris. They concealed them- 
fclves in the fuburb St Antoine, and from thence gave 
counfel to their party, and urged them to a&ion. The 
fcarcity of bread had increafed, and advantage was 
again taken of this pircumfiance. For fome days the 
walls were covered in various places of Paris with print- 
ed accufations againft the Convention of withholding 
bread from the people, and attempts were made to ex- 
cite the troops in the city to join the difaffedled party. 
On the evening of the 19th, a paper was openly difiri- 
buted in thy different fc&ions, explaining the objeft of 
the approaching infurre<ftion. It declared infurre&ion 
to be the moll facred duty of the people, and called 
upon ihe citi^RSi of Paris to proceed in a mafs to the 
Con vent ion,ft o demand from it bread and the eftablilh- 
ment of Rojbefpierre’s conftitution, together with a new 
ele&ion of national reprefentatives. 

On the morning of the 20th, the toefin was rung, 
and drums beat to arms in the fuburb St Antoine, 
which had always been tfie quarter of the city in 
which the Jacobins pofiefied the greatefi ftrength. Up- 
on this alarm the Convention aflembled ; but although 
the intended in fur reft ion was no fecret, and though the 
committee of public and general fafety now made a re- 
port, in which they confeffed their previous knowledge 
of it, yet, it docs not appear that any vigorous meafures 
of precaution bad been taken ; for it was only at the 
infiant when the infurgents were aftually approaching 
that General Hoche was appointed to command the 
armed force, aird was fent forth to afftmble the military 
and the citizens for the defence of the Convention. In 
the mean time, the multitude furrounded the hall. 
They foon overpowered the guards, and burft into the 
midft of the afiembly. In all the turbulent days of the 
revolution, the women of Paris have never faded to aft 
a confpicuous part. On this occafion they greatly 
augmented the crowd by their numbers, and the tu- 
mult by their cries of “ Bread, and the conftitution of 
1793,” which was the rallying exclamation of the par- 
ty. After fome fruitlefs efforts to reftore tranquillity. 
Vernier the pvefident, an old man, refigned the chair to 
Boiffy d’Anglas, who remained in it with much firm- 
nefs during the day. The whole ftrength of the in- 
Jurgents had not arrived at once ; for the firft party 
that approached, although they forced theif way into 
the hall, were foon repulfed by the aid of a few fol- 
diers and citizens, who came to the afliftanee of the 
Convention.'- A fhort interval-of" thus 

R E V 
obtained ; but the attack was fpeedily renewed witfi Frei.cb 
double fury by armed* men, who fubdued all oppofition, ^evoktion, 
and entered the hall with cockadfcs, on which was write. U95- ^ 
ten the infeription, “ Bread, and the conftitution of 
1793.” While things Were in this ftate, a citizen of Who mur- 
the party of the Convention raflily tore off the hat oftler of 
one of the infurgents, and was immediately affaulted ^ltV0°n

n' 
with fwords by the multitude. He fled towards theanjjri’e 
prefident’s chair, and was killed at the fide of it by ait from its 
mufket fhot. Ferand, one of the members, having at-hall. 
tempted to refeue him, was alfo attacked. He efcaped 
into one of the paffages, where he was alfo killed, and 
his head was brought into the Convention upon a pike. 
The greater number of the members now gradually de- 
parted, and left the hall in poffefiion of the infurgents, 
who afted with fome regularity, and propofed a variety 
of laws favourable to their party, which were inftantly 
decreed. Duroi, Duquefnoi, Bourhotte, and Goujon, 
were the members who ftood moft openly forward on 
this occafion, and appeared as chiefs of the infurrec- 
tion. But their triumph only lafted a few hours. To- 
wards the evening a large body of citizens joined the 
military, and marched to the aid of the Convention. 
Having overcome the infurgents, they entered the hall 
in great force, and reftored the powers of the majority. 
The decrees that had been forced upon them were re- 
pealed as fpeedily as they had been enafted, and the 
deputies who had propofed or fupported them were ar- 
refted. 

The citizens of Paris, and even the members of the 
Convention, appear now to have fancied their viftory 
complete ; for they adopted no adequate meafures to 
prevent a new difturbance. But the Jacobins did not 
fo eafily give up their own caufe. On the following 
day they once more affembled in the fuburbs, and in 
the afternoon they returned to the attack. They took 
poffclfion of the Caroufal without oppofition, and point- 
ed fome pieces of cannon againft the hall of the Con- 
vention. This aftembly was now unprotefted, and at- 22(; 
tempted not to fubdue, but to flatter, the infurgents. A Mcanneb 
deputation of the members was fent forth to fraternife °f ^ Lon* 
with them, and to carry forth two decrees paffed atvtntlon- 
that inftant, which ordained that bread fliould abound, 
and that Rohefpierre’s couftitution of 1793 fhould im- 
mediately be put in force. The infurgents, in return,- 
fent a deputation to the Convention, to exprefs their 
fatisfaftion with the decrees, to demand the releafe of 
the imprifoned patriots, and the punifhment of thofe 
who preferred money to affignats. The Convention 
pretended to agree to all their demands, and the prefi- 
dent was ordered to give to the deputation the frater- 
nal embrace. 

The 22d, which was the third day of the infurrec- 
tioti, appears to have been paffed by both parties in a 
ftrange degree of inaftion. The Convention proceed- 
ed in its ordinary bufinefs ; and the Jacobins, at their 
head quarters in the fuburb St Antoine, were occupied 
in confultations and preparations for new movements. 
But on the following day the citizens affembled at their 
feftions, and hallened from thence to the Thuilleries to 
defend the Convention. Confiderable bodies of the 
military were alfo collefted, and the affembly at laft re- 
folved to aft upon the offenfive. A decree was paffed, 
declaring, that if the fuburb St Antoine did mot -in- 
ftantly furrender its 'dr-mg and cannon, together with. 

the 
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French the murderer of Ferand, it fliould be confidered as in a 
evolution, ftate 0f rebellion. The conventional generals were at 

I795‘ , the fame time ordered to reduce it by force. The in- 
"IJJ furgents now found themfelves unequal to the conteft, 
ts vi&ory and were compelled to furrender without conditions by 
iver the Ja- the inhabitants of the fuburb, who dreaded the deftruc- 
obins; t]|on 0f jbeir property by military operations. Several 

foldiers being found among the prifoners, were put to 
death ; and hx members of the Convention were tried 
and condemned on this occalion by a military commif- 
fion. Three of thefe perifhed by felf-daughter, and 
three were executed. The majority of the Conven- 
tion, elated by their victory, ordered back Collot 
D’Herbois, Billaud Varennes, and Barrere, to take their 
trial; but the two former had failed before the arrival 
of the courier. Barrere only remained, and he was 
brought back and imprifoned. 

In the mean time, the Jacobins in the fouth were 
not lefs active than their brethren at Paris. On the 
20th of May they formed a vigorous infurre&ion at 
Toulon. They feized the gates and mounted them 
with cannon ; they liberated fuch of their aflbciates as 
had been imprifoned, and detained the fleet which was 
about to fail. Having begun their operations in this 
fuccefsful manner, they marched from Toulon towards 
Marfeilles. Their force amounted to three thoufand 
men and twelve pieces of cannon. They were encoun- 
tered on their way, however, and defeated by Generals 
Charton and Pa&od. Three hundred of them were 
carried prifoners to Marfeilles, and Toulon was fpeedily 
retaken. 

The party of the Mountain, as it had been called, or 
cf the violent Jacobins, who wifhed to revive the reign 
of terror and the meafuresof Robefpierre, was now re- 
duced very low both in the Convention and out of it. 
Thofe who adhered to it were even in many places, 
and more efpecially in the fouth, expofed to very vio- 
lent perfecution. Aflbciations were formed, called Com- 

1 panics of Jefus and of the Sun, for the purpofe of aven- 
ging the crimes committed by them during the period 
of their power. At Lyons feveral of them were mai- 
facred in prifon, and many of them in all places pe- 
riflred by aflaffination. On confidering the mercilefs 
chara&er of the government of Robefpierre and his ai- 
fociates, and the perfecution which was fuffered under 
it, not merely by the nobles and the rich, but by every 
man who was diltinguilhed by integrity, talents, or 
literature, it may appear furpriflng that it fliould have 
obtained admirers, or that any number of individuals 
fliould have been found willing to hazard their lives to 
procure its reftoration. Accordingly, from the period 
of the fall of its leader, the party had gradually been 
forfaken by its adherents ; and the more clofely its 
conduct was confidered, it loft ground the more rapid- 
ly" in the eftimation of the public. After the unluc- 
cefsful infurre&ions of the 20th of May, it was treated 
with the utmoft contempt, and its unpopularity was ex- 
treme. Still, however, a party remained. It was fmall, 

ll8 indeed, but its members compenfated the inferiority of 
Who (till their numbers by fuperior enterprife and a&ivity. They 
retain theirconfrfted of outrageous republicans, whofe heated ima- 
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ginations beheld royalty and ariftocracy in every propo- 
fal for fober and regular government. In the conduct 
©f Robefpierre, they remembered only the energy of his 
meafures, by which France was enabled to triumph over 

the combined efforts of the kings of Europe ; and over- French 
looked the atrocities by which he had brought difgrace Rcvo utlon* 
upon their caufe, and rendered his party odious to their 
own countrymen, as well as to the neighbouring na- 
tions. Amidft the univerfal odium, however, the Ja- 
cobins did not defpair of rifmg once more into power; 
and it is not a little Angular, that we muft date the re- 
vival of their ftrength from the period of the unfuccefs- 
ful infurredtions which we have juft recorded, and which 
feemed to have extinguiflied their hopes for ever. 

The unpopularity under which the Jacobins labour- 
ed foon began to affedl the Convention itfelf. The 
tame fubmillion of that body to the government of 
Robefpierre was now remembered. It was recolle&ed, 
that the majority of its members had been the inftru- 
ments of his power, and had applauded, or at leaft ac- 
quiefeed in, his crimes. As the prefs was now free, 
and the reins of government unfteadil^r held, their con- 
du& was reprefented to the public in the moft odious 
colours. A celebrated fong, Le Reveil du Puple, be- 
came extremely popular, as the means of marking dif- 
like both to the Convention and to the Jacobins ; and 
their condudl was canvaffed with the utitioft bitternefs 
in a great variety of publications, but more elpecially in 
a journal that at this time attradfed much notice, and 
w-hich was conduced by Freron, who had himfelf'been 
a Jacobin, but had now abondoned his party. ^ 

In this ftate of things, the majority of the Conven-An(j .errl. 
tion fpeedily began to repent of their late vidtory overf/ the Coi> 
the Jacobins. In the firft efforts of their zeal, they vention. 
had taken meafures for the immediate formation and 
eftabliihment of a fettled conftitution to fuperfede their 
own authority ; but they now regretted their rafhnefs, 
when they perceived, from the temper the nation was 
in, that the men, the moft avowedly hoftile to their 
cliaradter and meafures, would without doubt be eledted 
as their fucceflors. They, and their friends, had arifen 
to great diftindtion and wealth under the revolutionary 
government ; and they now began to dread, not only 
the lofs of power, but alfo a fevere inveftigation of theiV 
condudl. Thefe confiderations foon produced their na- 
tural effedts. The decrees for forming and putting ih. 
force the couftitution could not decently be recalled1; 
but the majority of the Convention fet about deviling 
means for rendering them of little importance, fo far as 
they themfelves were concerned. rip 

On the 23d of June, Boiffy D’Anglas prefented the New corn- 
report of the committee that had been appointed to0,tllRon’ 
prepare the plan of a conftitution. It began, like0f " ^ 
the former conftitutions, with a declaration of the rights 
of man ; and in addition to this, conlifted of fourteen 
chapters, upon the following fubjedts 1—The extent cf 
the territorial polleflions of the Republic, the political 
ftate of citizens, the primary ^ffeinblies, the eledloral 
affemblies, the legiflature, the executive power, the mu- 
nicipal bodies, the judicial authority, the public force, 
public inftrudfion, the finances, foreign treaties, the 
inode of reviling the conftitution, and, laftly, an en^t- 
ment, that no tank or fuperionty fliould exift among ci- 
tizens, excepting what might arife from the exercife of 
public functions. 

The primary aflemhlies were to ppffcfs- the right of 
eledlingthe members of the eledloral aflemblics, and al- 
fo the juftices of the peace. The eledloral affemblies 
were to nominate the judges and the legiflators of the 
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French {late. The legi’flature was divided into two affemblies; 

fi.cvolurion,the one 0f which confided of 250 members, and was 
■ - ^ ■ called the Council of the Ancients, as none but married 

131 men and widowers above 40 years of age could be meni- 
■hwo ^oun*ber8 of it. The other aifembly or council confilled of 
C1,a ai1 500 members, and poflcfftfd tlie excluhve privilege of 

propofmg the la vs ; the Council ot Ancients being on- 
ly infilled to reject or approve, without power to alter 
the decrees prefented to it. To this rule there was 
one exception, which was afterwards employed as the 
means of overturning the whole fabric of the conilitu- 
tion ; the Council of the Ancients might decree the re- 
moval of the legidature from its ordinary place of fit- 
ting. To this decree the approbation of the Council 
of Five Hundred was not necedfary ; and when once 
enacted, it could not be confidered even by the Coun- 
cil of Ancients itfelf. One-third of the members of 
the two Councils was to be eledted annually. A mem- 
ber might be once re-ele£ted but he could not be eledt- 
ed a third time till an interval of two years had 
elapfed. 

Executive executive power was intrufted to five perfonsof 
Directory, forty years of age at leaft, to be tlyled the EKecutive 

Diredory. Its members were eledted by the two Coun- 
cils ; the Council of Five Hundred eledting ten times 
the number of candidates that might be neceffary to fill 
up the vacancies, and the Council of Two Hundred and 
Fifty nominating the directors from this lift of candi- 
dates. One member of the Diredtory was to go out 
annually ; fo that the whole might be changed every 
five years. The Executive Diredtory had no vote in 
the enactment of laws ; but it fuperintended their exe- 
cution, regulated the coining of money, and difpofed 
of the armed force. Foreign treaties made by it were 
not binding till ratified by the legifiative body, nor 
could it make war without the authority of a decree of 
the two afiemblies. The public functionaries were to 
receive falaries, and to appear drefied in an appropriated 
habit. 

Each article of this conftitution was fepurately dif- 
cufled ; and on the 23d of Auguft the whole was de- 
clared to be complete, and ordained to be tranfmitted 
to the primary affemblies for their approbation. Pre- 
vious to this refolution, however (that is, on the 22d 
of the fame month), the majority of the Convention 
lud brought forward the grand meafure by which they 
meant to provide for their own fafety, and the fafety 
of their friends and adherents, againft the change which 
the public opinion had undergone concerning them. 
They decreed, that at the approaching general eleftion, 
the eleCloral bodies fhould be bound to choofe two- 
thirds of the new legiilatme from among the members 
of the prefen t convention; and they afterwards decreed, 
that, in default of the election of two thirds ot the Con- 
vention, the Convention fhould fill up the vacancies 
themfelves. 

The con Thefe decrees were tranfmitted, along with the Con- 
vention fee- ftitutiou, to the primary affemblies, to be accepted or 
ters the rejefted by them. Many of the primary affemblies un- 
freedom of derftood, that they could not accept of the conftitution 
cle&ivn. without accepting along with it the law for the re- 

eleftion of the two-thirds. The point had, in all pro- 
bability, been purpofely left under a certain degree of 
ambiguity ; and as the people were now weary of this 
Convention, they acquiefced in any conditions that gave 

them the profpeft of one day getting quit of it. But French 
at Paris, and in the neighbouring departments, where ^■evokitiU8, 
the fubjeft was more accurately inveftigated, the public , I7^~ 
difapprobation of the Convention ddplayed itfelf with ^ 11 

great vehemence. ^ 
I here was indeed fomething extremely auk ward inConfequea- 

the decree about the re-election of two-thirds of theCds<f ^j1*8 

Convention. That body might, if neceffary, have con-C°a ^ 
tinued its own exillence for fome time longer, or it 
might have difmiffed one third of its number by ballot 
or other wife, and allowed a new election only to that 
extent: but a compulfory election was an abfurdity fo 
new, and lo obvious, that it gave their antagonifts eve- 
ry advantage againft them. Accordingly, at the meet- 
ings of the fe&ions of Paris, the laws for the re-eJe&ion 
were rejedded with contempt, and their abfurdity de- 
monftrated with much acrimony. In confequence of 
the debates which took place at thefe meetings, the 
minds of men were gradually inflamed, and it became 
obvious that a political convullion approached. On 
the one fide, the Convention took care to publifh daily 
the approbation of the decrees, along with the confti- 
tution, by the majority of the primary affemblies, by 
moil of which the two had been confounded and ac- 
cepted in the grofs. Its committees alfo called in the 
aid of the troops of the line for its protection. On 
the other hand, the language of the fections became 
every day more violent. The whole Convention was 
reprefented as a band of tyrants and of murderers, the 
affociates of all the cruelty of Robefpierrc and the 
Mountain party. It was even propfed to bring to 
trial every individual member of the affembly before a 
new revolutionary tribunal, and to punilh him accord- 
ing to his demerits. 

For fome time much anxiety prevailed on both fides. 
Numerous deputations were repeatedly fent from the 
fections to the Convention to remonftrate againft the 
obnoxious decrees. But the eagernefs with which thefe 
remonftrances were made, ferved only to convince more 
itrongly the members of the Convention of the danger 
to themfelves as individuals which would attend a rciig- 
nation ot their power, and confirmed the refolution they 
had taken to retain it. The deputies of the fe&ions 
having obtained infpe&ion of the records of the conven- 
tion, afferted, that the national majority, if rightly num- 
bered, had rejeCled the decrees, as every affembly that 
voted in oppofition to them was only numbered as one 
vote, however numerous its members might be ; which 
enabled the primary affemblies of remote diftriCts to 
outvote the more populous feCtions of Paris and other 
great towns. Whereas it was faid, that if the indivi- 
dual voters were counted, it would be found that the 
decrees were difapproved of by a confiderable majority. 
All this was difregarded by the Convention, and the 
fcCtions prepared to decide the difpute by arms. The 
lirft ftep taken by them, how ever, was ill concerted. A 
notion was propagated, that as foon as the primary af- 
femblies or feCti’ons had cbofen the eleftors who wfere 
to choofe the members of the new legillature, the na- 
tional fovereignty became veiled in thefe eledors, and 
that they had a right to affume the government in their 
various diftrids. Accordingly, about 100 of the elec- 
tors of Paris affembled in the hall of the French theatre 
in the fuburb St Germain, previous to the day of 
meeting appointed by the Convention. Having chofen 

De 
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French NIvernois (formerly the Duke de Nivernois) their 

Revolution,they began their debates. The Convention 
I79.5- was alarmed, and inftantly feat a body of the military 

V " v to difmifs the meeting as illegal. This was eaiily ac- 
compliihed, as the citizens had not been unanimous 
with regard to it, and no meafures were taken for its 
protection. 

Notwithftanding this fir ft advantage on the fide of 
the Convention, the fe-ftions regarded its power with 
contempt, and imagined themielves fecure of ultimate 
fuccefs. In every political conteil that had hitherto 
occurred fince the commencement of the revolution, the 
immenfe population of the capital had given a decifive 
fupen'oriry to the faction whole fide it elpouled. d he 
citiz’ens alfo regarded with indifference the armed force 
with which the Convention had furrounded itfelf, from 
a notion, which they fondly entertained, that the 
military would in no cafe be brought to add agaiuft 

The Con- the people. It would appear that the Convention 
vention itfclf entertained fome jealoufy upon this Itead, and 

Jacobins ^ not account itfelf entirely fate under the protec- 
tion of the foldiers. On this occafion, therefore, it 
had recourfe to a new ally, and beiought the aid of 
thofe very Jacobins whom it had almoft crulhed on the 
34th of May. The members ot the Convention were 
odious to the fe<ftions of Paris, on account of their par- 
ticipation in the revolutionary crimes and meafures of 
Robefpierre ; but this very circumffaace endeared them 
to the Jacobins, whofe character it was to imagine that 
they had never enough of wav abroad or of revolution 
at home. It was eafy therefore to bring about a re- 
conciliation between the Convention and thefe men. 
Several hundreds of them were difmifi'ed from the pri- 
fons, where they had been confined fince the two laid 
infurre&ions, and they were now put in requifition to 
defend the legifiative body. 

When the fe<ftions of Paris beheld the Convention 
furrounded by thofe Jacobins who had been the unre- 
lenting agents of the government of Robefpierre, and 
who were now denominated terror jh and men of bloody 
their ardour for addion became unbounded. They af- 
fembled in arms at their different fe£tions on the 12th 
Vendemaire (Oddober 4th) ; but they do not feem to 
have a<fted with much concert, or upon any well di. 
gelled plan of operations. The general defign of their 
leaders was to feize the members of the Convention, and 
impvifon them in the church of the Quatre Nations ti!l 
they could be brought to trial. As this would occa- 
fion a vacancy or interregnum in the government, it was 
refolved that all affairs Ihould be conduced by commit- 
tees of the feddions, till a new legifiature could be elect- 
ed. General Miranda, a Spaniard, a native of the Car- 
raccas in South America, wdro had ferved in the re- 
publican armies, was to be appointed to the chief com- 
mand of the armed force after the overthrow of the 
Convention. This man, in his eagernefs for preferment, 
had alternately courted all parties, and he now feems to 
have joined the Parilians upon the fuppofition of their 
being the ftrongeff. As he entertained fome doubts 
of their fuccefs, however, he adopted the crooked and 
timid policy of avoiding the ftorm by retiring from the 
city till the combat Ihould be finilhed, refolving to re- 
turn immediately on its condufion to ftiare the rewards 
and the triumph of vi&ory. 

The Convention, in the mean time, refolved to ftrike 

the firft blow. For this purpofe they fent General Me- French 
nou to the ferftion of Le Pelletier to difperfe the citizens, R'ev^*u'*on» 
whofe greateft force was affembled there. But this of- , A 
ficer difliking the fervice which he was employed to 
perform, inffead of proceeding to aftion, began to ne- 
gociate with the leaders of the fedions, and fpent the 
evening of this day in fruitlefs conferences. The fec- 
tions on their fide appointed General Danican, who 
had diftinguifhed himfelf in the war againft the Royal- 
ills in La Vendee, to add as their military leader. It 
would appear, however, that this officer, from the mo- 
ment that he alTumed the command, began to defpair 
of the caule of the feddior.s. He found them totally 
deftittlte of cannon, whereas the Convention was fur- 
rounded--by regular troops and a numerous artillery. 
This inequality in point of weapons appears to have been 
conlidered by him as a fufficient reafon for avoiding an 
engagement. Occupied in villting and arranging the 
different polls, he was unacquainted with the diiaffec- 
tion cf. the conventional generals. He therefore thought 
he had done much when he had prevented bloodlhed for 
another day, and thns the favourable moment for at- 
tack was loft. Whether the feddions would have been 
fuccelsful had they been inftantly led to battle on tin’s 
important occafion, cannot now be known. Though 
the fuptrior officers of the Convention were unf.udhful, 
yet the fub alt eras and the troops in general might have 
Hood firm, confirmed as they were by the peiiualion of 
their Jacobin auxiliaries. Even in this cafe, however, 
the fate of a battle might have at kail been doubtful. 
The battalions ot Paris were very numerous, their con- 
tempt of danger was great, and their ardour unbound- 
ed. The mere poffeffion of cannon might not in a con- 
teft againit fuch men have afforded fecurity to the Con- 
vention. But the fii 11 moments of popular enthuliafm 
were fuffered to pals away, and that diltruft and diffen- 
fion, which delay never fails to introduce among great 
and irregular affemblages of men, foon began to render 
the condudd of the feddions undecided and weak. 

The conventional committees, during the night of the 
I 2th Vendemaire (Oddober 4th), difufilfed Generals Me- 
nou, Raffet,and fome others, from their Hat ions, and gave 
the command of the troops to Barras. Ide immediately 
collected around him a variety of able officers, among 
whom we find the names of Generals Brune and Bona- 
parte. With their .affillance he began to provide for a 
molt vigorous defence. Troops with cannon were 11a- 
tioned in all the avenues leading to the Tbuilleries. In 
cafe any of thefe polls Ihould be forced, maiked batte- 
ries were planted in more retired lituations. Nor was 
this all; meafures were taken for conveying the public 
magazines of proviiions and military llores to St Cloud, 
whither the Convention prepared to retreat if they 
ffiould fuffer a defeat at Paris. 

On the 1 3th Vendemaire (October 5th), from which 
the infurredtion was afterwards named, both parties re- 
mained for many hours upon the defenfive. At laft, a- 
bout three o’clock in the afternoon, General Danican 
made advances to an accommodation by a letter to the 
committee of public fafety; in which he Hated, that the 
only caufe on account of which the citizens.had taken 
arms was the dread of a maffacre being intended by the 
armed terrorifts who furrounded the Convention, and 
that if thefe men were removed, tranquillity would im- 
mediately be re^eftablilbed. A civil raeffage was re- 

turned.5.. 
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prenrh turned; but the Jacobin party in the Convention, being 

Revolution, novv confident of victory, and wifhing to ftrengthen 
i.,,1 ^ ‘ ■ themfelves, by the defeat and punifhment of their anta- 

136 gonifts, it was refolved that the difpute fhould be de- 
Subdues eided by arms. It is not correftly known how the 
f ■ Van^6118 Conte^: conimencec^’ ^ut t^e armed Jacobins are moil 

generally uqderftood to have begun the attack. The 
citizens on the fouthern fide of the river attempted to 
reach the Convention by the Quay de Voltaire, but 
were fpeedily repulfed by the conventional cannon; but 
on the northern fide of the river, near the Convention, 
the combat was extremely obftinate. The cannon were 
repeatedly feized by the citizens, and repeatedly reta- 
ken by the troops and the armed Jacobins. It was 
not till after a conteit of four hours that the fedlions 
were repulfed and driven to the poll of St Roch. This 
poft was alfo taken after great {laughter, and the fec- 
tions were driven to their head quarters at the fedlion 
of Le Pelletier. After a ihort interval they were pur- 
fued thither by the troops of the Convention, who by 
midnight were mailers of the whole city. 

This infurredlion was aferibed by the vidlorious 
party to the exertions of the Royalifts. It is no 
-doubt true, that by this time Royalty was become 
lefs unpopular even among the rabble of France than 
the extreme of Republicanifm, as it had appeared in 
the condudl of the Mountain party. It is alfo proba- 
ble, that the Royalifts mingled in a conteft; that had 
the overthrow of the prefent Convention for its ob- 
•jeft ; but the infurgents in general feem neither to have 
avowed nor entertained any farther view than the dif- 
arming of the Jacobins, and the obtaining an imme- 

217 diate election of new reprefentatives. The failure of 
the attempt had the effect of placing the Mountain 
party once more at the head of the Hate. This party 
at firft thought of adjourning the new conilitution, 
and of renewing all the terrors of the revolutionary 
government. This project, however, was oppofed in 

Ihe Aate Convention with fo much vehemence and ability 
by Thibaudeau, that it was renounced. Indeed it was 
become unneceffary to the fafety or afcendency of the 
men who propofed it, as the decrees for th^ re-elec- 
tion of two-thirds of the Convention enabled them to 
retain the full poffefiion of their power. A few mem- 
bers of the moderate party, fuch as Boifiy D’Anglas, 
Tanguinais, and Le Sage, were eledled by almoft: every 
place in France, though they could only fit for one 
place. Hence the Convention itfelf had the re-eledlion of 
nearly two-thirds of its own members; and the Mountain 
party, which now commanded the majority, was thus 
enabled to fill the new legiflature with its own leaders. 

On the 27th of Oftober the Convention terminated 
its fittings, and was fucceeded by the new legiflature as 
appointed by the Conftitution. By its laft decrees, a 

a.38 general amnefty was granted for all revolutionary crimes 
and proceedings. From this amnefty, however, were 

I'cw letrif-f excepted the emigrants, the tranfported priefts, and all 
perfons concerned in the laft; infurredtion ; fo that in 
fa£l it was merely a pardon granted by the Moyntain 
party to its own friends for all the excefles they had 
committed. The members of the Convention, who had 
been imprifoned in the caille of Ham fince the Jacobin 
infurredtion in May, were now fet at liberty. The 
members of the revolutionary committees, and other 
agents of Robefpierre in Paris and the departments, 

Mountain 
party, or 
the moft 
violent Ja- 
cobin?, 
affair, at 

new legif- 
lature. 
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were all difmifTed from their prifons, and advanced to french 
the molt important offices under the new government, 

As foon as the new legiflature had divided itfelf into c 
1795- 

two councils, it proceeded to t he ele&ion of an Execu- 
tive Diiedloty. Here the genius of the French nation 
for intrigue iiillantly difplayed itfelf. The Council of 
Five Hundred was bound to prefent to the Council of 
Two Hundred and Fifty a lift often tunes the number 
of candidates neceflary for the office. It fulfilled this 
duty in the following manner. The majority of the cil of Five 
Council of live Hundred made out a lift, conliiling of 
the five following perfons, upon whom they wiffied the outwit.s 

election ultimately to fall.- Sieyes, Barras, Rcwbell, Ancienlf 
X.a Reveiilei e Eepaux, and Letourneur de la Mhnche. 
To complete the lift, they added the names of 45 ob- 
feure perfons, country juftices, farmers, and even pea- 
lants. Thus there was nothing left to the Council of 
Ancients but the mere form of an ele&ion ; and from 
the want of other qualified candidates, they were under 
the neceffity of nominating to the office of dire&ors the 
five perfons at the head of the lift prefented by the 
Council of lire Hundred. The crafty Sieyes, how- 
ever, who had been the advifer of all parties, but the 
oftenfible agent of none, did not yet think fit to ven- 
ture upon the poffeffion of power. He had difappro- 
ved of the conftitution which was now put in force, 
and had even framed one of his own in oppofition to it, 
which, however, was reje&ed by the Convention. The 
moft remarkable circumftance in his plan of government 
was a national jury, upon which he propofed to confer 
the power of difmiffing from their offices, without a 
caufe being affigned, any of the public fun&ionarits 
whom they might account dangerous to the Hate. 
Sieyea having refufed to accept the office of dire&or, 
Carnot was ele&ed in his Head. But on this occafion 
the Council of Ancients was treated with a little, and 
but a little, more decency than formerly ; as the name 
ol Cambaceres, a man of confiderable eminence, ap- 
peared along with that of Carnot in the lift of candi- 
dates voted by the Council of Five Hundred. 

The republican government that was now attempted New go- 
to be eftabliffied promifed little tranquillity to the na- vennnent 
tion. This great misfortune attended it, that the chiefnot P°PU* 
offices in the ftate were intrufted to men who were dif-lar* 
liked by the people. The members of the Executive 
Dire&ory, with the exception of Reveillere Lepaux, 
had always belonged to the Mountain or moft violent 
Jacobin party. As they now owed their power to that 
party, they employed its members in almoft every offi- 
cial department. The government was therefore necef- 
farily unpopular. Things might have been gradually 
altered, indeed, by fucceflive ele&ions, which would 
in time bring other m*n into power: But by the 
forms of the conftitution, the executive power was more 
permanent than the legiflative body, without pofleffing 
any influence over it. Hence it was to be feared that 
a conteft for power might fpeedily occur between a 
dire&ory nominated by the Jacobin party and the new 
legiflators appointed by the people, in which the Con- 
ftitution might fuller Ihipwreck ; an event which a&u- 
ally occurred. 

While the pofleffion of power continued to flu&uate 
in the manner we have already Hated, between the Mo- 
derate and the Jacobin or Mountain parties, the armies 
of the ftate were fuffered to languifh ; but upon the 

credit 
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foreign 
power* 

French credit of its former military fuccefs, the Republic was 
Revolution,treatetj WJ‘th refpedl by feme of the neighbouring 
, 1 ^95' , powers. On the loth of April, a treaty of peace with 

a4l Prulfia, which had been negotiated by the committees 
Treatment through the mtdium of Barthelemi the French relident 
of the Re- at Pafle, was prefented to the Convention for ratifica- 
pjbhc ) tion. By this treaty, it was Uipulated, that the French 

troops fhould immediately evacuate the Prufijan territo- 
ry on the right bank of tiie Rhine, but Ihould retain 
the territory belonging to that power on the left bank 
till a general peace. Priioncrs or war were to be mu- 
tually reitored, and the commerce of the two countries 
was to be placed on its ancient footing. Mcafures were 
alio to be taken to remove the theatre of war from the 
north of Germany by treaties between France and thofe 
princes for whom the king of PtujJja might inter- 
pofe. 

During the fame month of April, the French F.e- 
public was acknowledged by the king of Sweden ; and 
Baron Stael his ambaflador was received at Paris with 
great folemnity. In the month of May a fecand treaty 
with Prufiia was concluded. It chiefly regarded the 
line of neutrality. It is worthy of remark, that theie 
treaties contained fecret articles which were to be re- 
vealed only to a feleCit committee. By authorifmg this 
inode of procedure, the Convention fudiciently demon- 
ftrated its refqlution, that no form of popular govern- 
ment to be adopted in France jliould Hand in the way 
of the national aggrandisement. The Swils cantons 
now followed the example of Sweden, and acknow- 
ledged the French Republic. A treaty of peace with 
Spain was alfo concluded at Bade on the 22d of July. 
France, on this occafion, relinquifhed all the conquefts 
die had made in the territory of that country, and re- 
ttored the ancient frontier. She received in return all 
the Spanifh part of the ifland of St Domingo. The 
Dutch Republic was included in this treaty; and France 
agreed to accept of the king of Spain’s mediation in 
favour of Portugal and the Italian princes. 

On the 9th of June, the Dauphin, fon of the unfor- 
LuuisXVII.tunate Louis XVI. died in the prifon of the Temple, 

where he had been confined, along with his filler, lince 
the executions of his father, mother, and aunt. His 
death, which was probably produced by difeafes ariling 
from long confinement, if not by more unjuflifiable 
means, excited in the French nation fuch a degree of in- 
tereft in favour of his family, that the Convention found 
it neceflary to liberate his filter from imprifonment. The 
committee of public fafety propofed to the Emperor to 
exchange this princefs for the members of the Conven- 
tion whom Dumouricr had delivered up to Auftria, along 
wdth two ambaffadors, Sernonville and Maret, who had 
been feized on their way to Turkey. This propofal was 
accepted, and the exchange took place at Bafle in Swit- 

„ zerland. 243 
'favalfupe- On the fide of Britain the war maintained its former 
iority of character. The Britifh retained their fuperiority by 
-ntain. pea) an(] were unfortunate in their efforts on the conti- 

nent. On the 14th of March the Britifh fleet in the 
Mediterranean, under Admiral Hothani, engaged the 
French fleet, aud took two fail of the line, the Ca-Ira 
and the Cenfeur ; but as the French fleet, four days 
before the engagement, had captured the Berwick, a 
Britifh fhip of the line, when detached from the fleet, 
and as the Illuftrious, another Britifh fhip of the line, 

Suppl. Vox.. II. Part II. 

[ 409 ] REV 

24a 
3eath of 

was fo feverely injured in the a&ion that fhe run afliore French 
and was loll at Avenza, the fubftantial lofs on both Rc olution> 
ijdes was nearly equal. On the 23d of June another, I795’ , 
Britiflj fleet under Lord Bridport attacked the French ' ''"" "¥ 

ofl Port L’Orient, and took three fliipsof the line, the 
reft of the fleet eRaping into that port. 

1 his evident iuperiorit) of the Britifh fleet in every 
coat eft, induced the government to take advantage 
of the command whjch it had of the fca, to give afidt- 
aiice lo the, jFr.e^i;h Royalilts iji the weftejn depart- 
ments. Thtfe Keyalilts, hitherto uuaflifted by foreign 
ppv.eis, nad, by repeated defeats, been reduced very 
low. The Convention had at lafl offered them a trea- 
ty, which was accepted and Ijgned at N mtes on the 
3d of March, on the one fide by deputies from the 
Convention, ano on tne other by Chaicttc, Bipineaii, 
and other chiefs of the infurgeiUs of La Veriqee, and 
by C01 martin, as reprefentiug the j.'arty called Chsuans 
or N.gnt Oals. Stofflet, another clutt,. held out tor 
fome weeks longer; but at lid, on the 20th o; April, 
he too was under tne necefiity of fuLmittmg by tieaty 
to the Republic. 

In a fhort time, however, the hopes of the Royalifts 
vveie revived by the countenance of the Britifli govern- to Qiiibe. 
ment, and theie treaties were ill obRrved. In the be ron Bay. 
ginning of June the Brit ilk expedition was ready to 
fail for the 1 rench coaft. 1 he troops to be employed 
con filled of emigrants in the pay of Great Britain, and 
many of them had been prifonefs of war, who now- 
agreed to join tne royal caufe. The command during 
the voyage, and the feledlion of the place of landing, 
were intruded to the Count D’Hervilly. The com- 
mand on fhore was given to Puifaye, who had been em- 
ployed under the Girondists in the military fervice of 
the Republic, but had now become a royalift. The 
Count de Sombrcuil was afterwards fent to join them 
with a finall reinforcement. 

On the 25th of June the expedition arrived in the 
Bay of Qmberon, and on the 27th 25.0 emigrants 
made good their landing, after difperfing a fmall party 
of republican troops. The emigrant army foon after 
diftributed iticlf into cantonments along the fhore, and 
gave arms to the inhabitants of the country, who ap- 
peared to receive them with joy. It was foon found, 
however, that the Chouans, though well qualified for a 
defultory warfare, could not be of much ufe to regular 
troops. They had little fubordination. They were 
ealily difperfed, and never fought unlefs every advan- 
tage was on their fide. When it was found that their 
umHeady aid could not be depended on, a refolution was 
taken to withdraw the emigrant army within the pe- 
ninfula of Q^iiberon. The fort of that name was ta- 
ken on the 3d of July. Its garrifon confiiled of five or 
fix hundred men, and it was now occupied by the emi- 
grants. A republican army, in the mean time, under 
General Hoche, advanced, and attacked all the pofis 
that had been left without the peninfula. Thefe were 
fpeedily taken. The emigrants and Chouans efcaped 
into the boats of the Britifh fleet, or fled under the 
cannon of the fort of Quiberon. The republicans then 
began to conflrudl formidable works on the heights of 
St, Barbe, at the entrance of the peninfula. To pre- 
vent their operatious, a fally was made from the fort on 
the 7th of July ; but without fuccefs. On the 15th, 
another fally was attempted in greater force. The 
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Trench whole troops in the peninfula amounted to about 

Revolution, j 2>ooc^ including Chouans. Out of thefe a detach- 
, I7^5‘ ment of 5000 was fent to attack the heights of St 

Barbe. The republicans were entrenched in three 
camps. The two firft. of thele were eafily taken, and 
the detachment prelfed eagerly forward to attack the 
third. But here a malked battery opened upon them 
with grape (hot. A dreadful carnage enfued ; and ve- 
ry few of the detachment could have efcaped, had not 
the fire of the Britifh finps foon compelled the repub- 
licans to defift from the purfuit. 

Sts failure. It now became obvious that the expedition muft ul- 
timately fail. Dcfertion became extremely common 
among the emigrants. Thofe men in particular who 
had been prifoners of war, and received their liberty on 
condition of joining the expedition, feized every oppor- 
tunity of going over to their countrymen ; and a cor- 
refpondence feems even to have been eltablilhed be- 
tween the republicans and the difeontented troops in 
the fort of Quiberon. On the evening of the 20th of 
July, the weather was extremely tempeltuous, which 
produced a fatal fecurity in the emigrant army. Suf- 
picious patroles were remarked ; but as they repeated 
the watchword for the night, they were allowed to 
pafs. The republican troops were conduced in lilence 
along an unguarded quarter of the iliore, till they were 
enabled to furprife one of the polls of the garrifon, 
where theyr found the artillery men fall alleep. Their 
matches were feized, and the lanthorn intended to give 
the alarm to the Britifh fleet was extinguilhed. The 
fort was fpeedily in confufion. Some regiments threw 
away their arms, and went over to the republicans ; 
others even malfacred their own officers. A confider- 
able number, however, maintained a violent confli6t for 
fome time before they furrendered. Puilaye efcaped 
on board the fleet. The Count de Sombreuil was ta- 
ken ; and this accomplifhed young man was foon after 
put to death, along with the other emigrant officers 
and all the Chouans that were found in the fort. The 
bilhop of Dol was alfo put to death, with his clergy 
who accompanied him ; but many of the private folT 
diers of the emigrant army made their peace with the 
republicans, by pretending they had been compelled to 
engage in the expedition. 

The Britifh fleet, with tranfports and troops, flill ho- 
vered upon the French coall, and made an unfuccefsful 
attempt upon the ifland of Noirmontier. In confe- 
quence of the feafon of the year, however, it returned 
home in December, after evacuating a fmall ifland 
called UIf.c Dieu, which the troops had for fome time 

*46 occupied. 
Fucceflisof On the fide of Germany the fortrefs of Luxembourg 
the French furrendered on the 7th of June, after having been in a 
mGerma- flate blockade fince the preceding campaign. The 
^ French were now in poffeffion of the whole left bank 

of the Rhine excepting the city of Mentz, which they 
attacked in vain, becaufe the Auflrians could at all 
times throw fuccours into it from Fort Caffel on the 
oppofite bank of the river. Finding the capture of 
Mentz impoffible in thefe circumflances, the French re- 
folved to crofs the Rhine to invefl the city on all fides. 
The enterprife, however, was delayed for fome time, 
till the refult of the Britifh expedition to Quiberon 
fhould appear. In the month of Auguft, General 
Jourdan forced the paflage of the Rhine at Dufleldorf, 

o ] REV 
at the head of what was called the army of the Sambre French 
and Meufe. After driving before him three Auflrian ^evo^utkn, 
pofls upon the Lahn, he erofled the Mein, and com- , ‘ 
pletely inverted Mentz and Cartel. Pichegru, in the 
mean time, crofLd the river, with the army of the 
Rhine and Mufelle, near Manheim, of which city he 
immediately took pofleffion. But the French generalsxhe/re- 
foort found their forces inadequate to the undertaking ccive a 
in which they were engaged. A confiderable detachmentcheck. 
of Pichegru’s army, after driving the Auftrians under 
General Wurmfer from a port of fome importance, be- 
gan to plunder, and went into confufion. The Auftrians 
being informed of this circumftance, returned to the 
charge, and defeated the French. General Clairfait 
alfo, having violated the line of neutrality, came upon 
the rear of Jourdan’s army, and took a confiderable 
part of his artillery. Both the French generals now 
retreated. Jourdan was rapidly purfued by Clairfait 
till he returned to Dufieldorf, where he maintained his 
ground. Pichegru recrorted the Rhine near Manheim, 
leaving a garrilon of 8000 men in that city. The Auf- 
trians advanced in all direftions. Manheim was taken 
after a vigorous fiege. The French were driven from 
the neighbourhood of Mentz. The Palatinate became 
the theatre of war, and the Auftrians feized the coun- 
try called the Hundfruck, fouth of the Rhine as far as 
Landau and Treves. After various engagements, in 
which little more ground was loft or won, the two par- 
ties entered into an armiftice for three months. 

On the 28th of Auguft a treaty of peace was con-Treaties 
eluded between the French Republic and the Land-with Ger- 
grave of Flefle Caffel, on condition that he fhould lend 01311 Prm' 
no more troops to Great Britain for the profecution ofCeS' 
tfie war. It is not a little Angular, that peace was 
concluded with the Eledlor of Hanover at this period 
upon fimilar terms. The Duke of Wirtemberg, and 
fome other princes of the empire, alfo began to treat ; 
but the negociations were broken off in confequence of 
the reverfe of fortune now experienced by the French. 

The Dire&ory, however, refolved to continue the x-(j6. 
war with vigour, and vaft preparations for the approach- 
ing campaign were made during the winter. The 
Mountain party being once more poffeffed of power, 
its members exerted themfelves with their ufual energy. 
Such, however, was the turbulent charadler of thefe 
men, that they could not long fubmit peaceably to any 
government, and foon became weary of that Direftory 
whom they themfelves had edablifhed. They held 
clubs in all quarters, and were continually ditlurbing 
the public tranquillity. For feme time the govern- 
ment fupported them. The. Parifians, after the 3th 
October, no longer dared to avow openly their dif- 
like to the Jacobins ; but they were underitood to ex- 
prefs this fentiment by wearing green filk cravats, and 
by applauding with much vehemence at the public fpec- ^ 
tacles the air called Le Reveil du Peuple. The Direc- Ridiculous 
tory now prohibited, by an edi£l, as tokens of royalifm, condud of 
the wearing of green cravats, or the performing at any |^y)ir£C' 
of the theatres the air now mentioned, though the fen- *’ 
timents it contained were entirely republican. The Di- 
redlory alfo ordered in its ftead, that the Marfeillois 
hymn, and other popular fongs, fhould he performed 
every evening at all the theatres. The Parifians fhew- 
ed their difapprobation of the Directory by maintain- 
ing a profound filence during the performance of thefe 

fongs. 
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Fret'th fongs, which had never failed till that period to excite 
Revolution,burlts of applaufe. The Directory foon became afha- 

I?96, med of this ridiculous conteft, and in a few weeks re- 
" v called their edift. Indeed they found it impollible to 

give countenance for any long- period to the reftlefs 
and innovating fpirit of the Jacobins, who continually 
wilhed and attempted to return to revolutionary, that 
is, to violent meaiures againft their antagonills. In the 
fouth, in particular, the prefent fupremacy of the Jaco- 
bins produced very pernicious elfedfs. Freron, who had 
deferted them after the death of Robefpierre, and be- 
came one of their mod violent adverfaries, thought fit 
to return to their party before the 5th Odfober, and 
was fent to Toulon with full powers of adminidra- 
tion. Here he difmiffed the municipality that had been 
elefted by the people, redored the Jacobin clubs, and 
proceeded to imprifon all fufpefted perfons, as in the 
days of Robefpierre. Thefe meafures produced a vio- 
lent reaction on the part of the enemies of the Jaco- 
bins. Affaffinations became frequent, and many perfons 
began to leave the country. The Directory was alarm- 
ed by the many complaints againd the Jacobins or ter- 
rorids that came from all quarters, and refolved to aim 
at popularity by deferting a fet of men who could not 
be prevailed upon to adl with moderation. Freron 
was recalled from Toulon, and more manageable men 
were fought out to replace the more violent Jacobins, 
who were in general difmifled from the fervice of go- 

450 vernment. 
y eleaiures The Direftory proceeded farther, and acknowledged, 

a Puhlic refolution, that its confidence had been 
acobins abufed* The minider of police was ordered to remove 

from Paris the members of former revolutionary tribu- 
nals, and others who now atted as leaders of the Jaco- 
bins, or anarchijis as they were called. A body of 
troops, amounting to 10,000 men, called the legion of 
police, that had atted againd the Parifxans on the 5th 
O&ober, and was now devoted to the Jacobins, was 

(ordered by the Directory, with the authority of the le- 
giflature, to join the armies on the frontiers. Thefe 
men refufed to obey the order ; but they were reduced 
to fubmiflion by fome troops that had been brought to 
the neighbourhood to provide againd fuch an event. 
The more violent Jacobins were enraged, but not inti- 
midated, by thefe meafures, and began to organize a 
plot for the overthrow of the Diredlory and of the ma- 
jority of the councils, who had now deferted them. 
They were not prepared for adtion, however, before the 
month of May, and by that time their defigns were 
difcovered and counteradled. On the 10th of that 
month the guards were increafed, and bodies of cavalry 
dationed around the Luxembourg and the Thuilleries. 
The Diredlory at the fame time informed the Council 
of Five Hundred, by a meffage, that a dreadful confpi- 
racy was prepared to burlt forth on the following morn- 
ing. At the found of the morning bell, which is eve- 
ry day rung, the confpirators were to proceed in fmall 
parties of three or four men to the houfes of fuch per- 
fons as they had marked out for dedrudtion. After 
affaffinating thofe perfons, the whole parties were to 
unite, and to ail againft the Diredtory, whole guard 
they apprehended they could eafily overpower. The 
confpirators had appointed a new Diredfory and a new 
legiflature, to conlift of the moft violent of their own 
jparty. Among the leaders of this confpiracy, v\ho were 
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now arrefted by order of the Diredlory, was Drouet Frer.eh- 
the poftmafter of Varennes, whom we formerly nien-Rev<)lutl"08,) 

tioned as having arrefted the unfortunate Louis XVI. , 
when attempting to efcape to the frontiers. Along ' ^ ~ 
with him were Babeuf, Antonelle, Pelletier, Gaudet, 
Julien, General Rofiignol, Germain, D'Arthe, Laigne- 
lot, and Amar, who had been a member of the com- 
mittee of general lafety along with Robefpierre. Va- 
dier and Robert Lindet were alfo engaged in the con- 
fpiracy, but they made their efcape. Drouet alfo eRa- 
ped the connivance of the Diredlory, as was gene- 
rally uuderftood j but the reft of the confpirators were 
removed for trial to the high national court at Ven- 
dome, where they were condemned. At the period of 
their removal thither, a new attempt was made by their 
party for their refcue. About 600 men entered the 
camp at Greneile near Paris, and endeavoured to pre- 
vail with the foldiers to join them in an infurredlion. 
This attempt was altogether unfuccefsful. A few of 
the infurgents were killed, and the reft fled. 

Thefe defeats of the Jacobins, and the difcredit un-M
2.^r 

der which they were again brought, encouraged the 
moderate party in the two legiflative councils to at- 
tempt to repeal the laft decrees of the Convention, 
which had at once granted them an amnefty, and con- 
firmed all the laws which, by confifcating the property 
of emigrants, excluded their relations from the fuccef- 
fion. The difcufiion lafted many days; but the refult 
was, that the law writh regard to emigrants remained on 
the former footing; and the only point which the mo- 
derate party were yet able to carry was a modification 
of the decree to this extent, that thofe terrorifts were 
declared incapable of holding public offices who owed 
their fafety to the amnefty. 

The ftate of the finances now began to occupy the DiftrelTed 
French government in a very ferious manner. Luring ftate the 
the government of Robefpierre, while the credit 0f the fmances* 
afiignats was preferved by the influence of terror, or by 
the lale of the church lands, and the property of emi- 
grants, little attention was beftowed upon this fubjedl. 
When money was wanted, more affignats were fabrica- 
ted; and as few or no taxes were demanded from the 
people, no enquiry was made about the public expen- 
diture. But when the boundlefs extravagance of the 
agents of government had loaded the circulation with 
allignats till they became of little or no value, it became 
a very difficult queftion how the public fervice was 
hereafter to be fupported. A new paper currency, call- 
ed 1 efcripts, was firft adopted. Thefe were orders on 
the treaiury for cafh, payable at certain periods. But 
their credit foon pafted away, as the treafury had no 
means of fulfilling its engagements. The Lireftory 
complained very bitterly, in a meflage to the Councils, 
of its diftrefles, and of the want of funds to carry on 
the approaching campaign. In confequence of this 
meflage, a law was pafled, on the 25th of March, au- 
thorifing the fale of the remainder of the national do- 
mains for the price that had been fixed upon them at 
an early period of the revolution, amounting to about 
twenty-two years purchafe. A new paper currency, 
called mumlats, was to be received in payment. But 
the credit of government was now gone. 1 he man- 
dats inftantly loft in all private Iran factions one-fourth 
of their value, and they foon fell Hill lower. This, 
however, produced a great demand for national prol 
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perty, which was thus about to be fold far below its 
value. To prevent this effedt, the legiflature broke its 
engagements, and decreed, that one fourth of every pur- 
chafe fhould be paid, not in mandats, but in eafii. This 
decree put a ftop both to the fale of national property 
and to the circulation of mandats. 

Recourfe was next had to taxation ; but this was at- 
tended with much difficulty. By the war, and the vio- 
lent government of Robefpierre, the French commerce 
had been in a great meafure ruined. Induftrious men, 
who pofTeffed any capital, had therefore turned their 
attention to the cultivation of land. Many circumftan- 
ces led to this. By the emigration of the nobles, and 
the confifcation of the church lands, the farmers were 
left with no landlord but the government ; which, be- 
ing fupported by affignats, paid little attention to any 
other fource of revenue. Hence they paid no rent, and 
fpeedily rofe into opulence. The revolutionary govern- 
ment, which kept the inhabitants of the towns under 
dreadful bondage, was fcarcely felt by the inhabitants 
of the country, who thus enjoyed the advantage of ex- 
citing no fufpicion in the rulers, and of paying neither 
rent nor taxes. The law which declared affignats to 
be a legal tender of payment, was a great fource of pro- 
fit to the cultivators of the foil. They contrived to fell 
the produce of their farms only to fuch as offered them 
ready fpecie ; while, at the fame time, they paid their 
rents, where the landlord had not emigrated, in affig- 
nats, which they obtained at a trifling price. Hence 
it ufually happened, that while the tenant enjoyed af- 
fluence/his miferable landlord was reduced to the ne- 
ceffity of felling his moveables to buy a portion of the 
grain that grew upon his own eftate, or was tempted to 
fell the eflate itfelf at an undervalue, to obtain the 
means of emigration. By thefe and other circumflan- 
ces, the whole induftry of the French nation came to be 
dire&ed towards agriculture. Their country was ac- 
cordingly well cultivated ; but as the riches of agricul- 
tural nations are not eafily fubje&ed to taxation, the 
French Direftory now found it impoffible to carry on 
the fchemes of ambition and of conqueft, which they 
had already formed, without relying for refources upon 
the plunder of the neighbouring Hates, which fpeedily 
rendered their armies odious in all thefe quarters of 
Europe to which they penetrated. 

Amidft their preparations for the approaching cam- 
paign, the Diredory attempted to increafe their own 
reputation at home, by eftabliffiing what is called the 
National Injlitute ; which is a fociety of men of letters, 
under the protedion of the government*. Into thisbo- 

> dy were colleded the fnofl celebrated literary charaders 
in the nation that had efcaped the fury ot the Mountain 
Party. Among thefe were La Place, Lalande, Four- 
evoy', L’erthollet, Volney, Dolomieu, and others, well 
known throughout Europe. The full public meeting 
of the Inititute w^as held, with great fplendour, on the 
4th of April, in the hall of the Louvre, called the Hall 
of Antiques. The ambafl'adors of Spain, Pruffia, Sweden, 
Denmark, Holland, America, Tufcahy, Genoa, and 
Geneva, were prefent. The members of the Diredory 
attended in their robes, and their pvefident made a 
fpeech of inftaliation, declaring the determination of 
the executive power to protedand encourage literature 
and the arts. Dufaulx, the prefident of the Inllitute, 
replied, in a fpeech in which he declared the refolution 

of the members to labour to give luftre to the republi- Fiench 
can government by their talents and produdions. Fif- Revolution, 
teen hundred fpedators applauded the fpeeches with , ^ j 
enthufiafm, and vainly imagined that all the evils ol the 
revolution were terminated, and that their country was 
nowr entering upon a career of unexampled glory and 
profperity. ... 255 

At this period the Britifh government made an ap-Overtures 
proach towards a negotiation with France. On the 8th of the Bri- 
ef March Mr Wickham, the minifter plenipotentiary to 
the Swifs Cantons, tranfmitted to Barthelerry, ambaf- 
fador from the French Republic to the Helvetic body, 
a note containing three queftions: Whether France 
would be difpofed to fend minifters to a congrefs to ne- 
gociate peace with his Britannic Majeily and his allies ? 
Whether France would be difpofed to communicate the 
general grounds on which ffie would be willing to con- 
clude peace, that his Majefty and his allies might con- 
fider them in concert ? and, laftly, Whether France 
would defire to communicate any other mode ofaccom- 
plifiiing a peace ? The note concluded wdth a promife 
to tranfmit to the Britilh court whatever anfwer fhould 
be returned ; but declared, that Mr Wickham was not 
authorifed to enter into any difeuffion upon thefe fub- 
jefts. 25(S 

On the 26th of the fame month Barthelemy return-[nf0]ent[y 
ed an anfwer in name of the French Direftory. This rejedted by 
anfwer began by complaining of infincerity in the pro-Direc- 
pofal made by the Britifh court, feeing its ambaffadortor^* 
was not authorifed to negociate, and that a congrefs 
was propofed, which muit render negociation endlefs. 
It proceeded to ftate the ardent delire of the Direftory 
for peace ; but aflerted, that it could liften to no pro- 
pofal for giving up any territory that had been declared 
by the conftitutional a6t to form a part of the Republic 
(alluding to the Aultrian Netherlands) ; declaring, 
however, that other countries occupied by the French 
armies, and political or commercial interefts, might be- 
come the fubjedt of negociation. Upon thele points 
the Directory declared its readinefs to receive reafonable 
propofals. 

To this anfwer no reply was fent; but the Britifh court 
publifhed a note, of which copies were prefented to the 
foreign minifters refiding at London; and in it the ipi- 
rit of the Diredfors anfwer was complained of, and alfo 
the refufal even to negociate about the retention of fo- 
leign territory, under pretence of an internal regulation. 
It was added, with truth, that while fuch diipolitions 
were perlifted in, nothing was left but to proiecute a 
war equally juft and neceffary; but that, when more pa- 
cific fentiments fhould be manifefted, his Majefty would 
be ready to concur with his allies in taking meafures for 
eftablifh'ing a juft, honourable, and permanent peace. 

The French Diredtory had fucceeded, during the 
winter, in reducing the weftern departments into fub- 
jedfion. The emigrant expedition from England had 
induced the royalifts once more to try the fortune of 
war ; but, after various defeats, their leaders, Charette 
and Stofflet, were taken, and put to death on the 29th 
of March, and the infurgents were fupprefled in all quar- 
ters. The French government being thus left without an French a*: 
enemy at home, was enabled to make great efforts onnaies. 
the f rontiers. The military force of the Republic was di- 
vided Into three armies. On the Lower Rhine, the army 
of the Sambre and Meufe was chiefly ftationed about 
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French Daffeldorf and Coblentz, and was commanded by Jour- 

Revoiuuon){jani Moreau commanded the army of the «4hine and 
, Mofelle, in the room of General Pichegru, who had 
been difmiffed from his command. This army was lla- 
tioned on the Upper Rhine, and from Landau to Treves. 
The third and lad army was ftationed on the coaft of 
Italy, from Nice towards Genoa, and now received 
Bonaparte as its commander. The name and the ac- 
tions of this man mull hereafter fill fo large a fpace in 
the detail of this eventful period, that it is necefiary to 
pay fome attention to his perfonal hiilory. 

A Corlican gentleman, a lawyer by profeffion, but 
who had appeared in arms under the celebrated Paoli in 
defence of the independence of his native illand, was the 
father of Napolone Bonaparte. Napolone was born at 
Ajaccio in 1767 ; aad by the intereft of M. de Mar- 
boeuf, the French governor of the ill mo, he was placed 
for his education at the celebrated military academy of 
France ( Ecole MHit air e), which has produced fo many 
accompli idled men. At a very early period of lite he 
prefented himfelf as candidate for a commiffion in the 
artillery, and was fuccefsful, being the 12 th on the lill 
out of 36 viAorious candidates. In confequence oi 
this event he ferved two or three years in the French 
army as a lieutenant in the regiment of La Fere. Bo- 
naparte having rifen to the rank of Captain of artillery, 
returned to Corfica after the revolution, and was there 
elected lieutenant-colonel of a corps of Corlican national 
guards. Here he formed a connexion, which had 
nearly proved fatal to him, with General Paoli, the 
friend of his fatlier. Fie refented the treatment which 
Paoli received from Robefpierre’s government, and en- 
tered fo far into his interells as to write the remon- 
llrance, which was tranfmitted by the municipality to 
the Convention, againll the decree which declared the 
general an enemy to the Republic. In confequence of 
this, a warrant was at one time ifliied for his arrell by 
the commifiioners of the Convention. He made his 
peace, however, on this occafion ; and refolved to ad- 
here to the interells of France, in oppofition to Great 
Britain, which at this period formed the defign of ta- 
king polfelfion of Corfica. He embarked with the 
other members of his family for France, and arrived 
there at the time when Lord Hood was in poffeffion of 
Toulon. Salicetti, a deputy from Corfica to the Con- 
vention, introduced him to Barras, who was now fuper- 
intending the liege of Toulon. Flere Bonaparte was 
advanced to the rank of general of artillery ; and, un- 
der Dugommier, diredled the attack of the various for- 
tified polls around the city. He was afterwards em- 
ployed for a Ihort time againll the royalills in the well 
of France ; and we have already mentioned, that he 
was at the capital, and'afiiited Barras in the contell be- 
tween the Convention and the Parifians on the 5th Oc- 
tober. Hence he was regarded with diflike by the 
moderate party, and reprefented as an unprincipled ad- 
venturer, brought forward to fupport the terrorill fac- 
tion. He had many enemies, therefore, at the commence- 
ment of his career, and his charadler was treated with 
much freedom. The fcandal of the times went fo far as to 
aflert, that he owed his prefent preferment, not fo much 
to any talents he had yet had an opportunity to dif- 
play, as to his marriage with Madame Beaucharnois, 
a beautiful French woman whom Barras had taken un- 
der his proteftioB, 
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The French army of Italy amounted at this time to 1 French 

56,000 men. Bonaparte at his arrival found it ill 
equipped, and the troops mutinous for want of pay and . 
neceflaries. He addrefled them, however, in the true *59 
llyle of military enterprife, “ If we are to be vanquilh- Takes the 
ed, we have already too much ; and if we conquer, we 
lhall want nothing and ordered them to prepare f°r of Italy, 
immediate a6lion. His opponents, however, anticipa- 
ted him in the attack The Andrians employed in the 
defence of Italy, under General Beaulieu, are faid to 
have more than equalled the French in numbers. To 
thefe were united the King of Sardinia’s army, under 
Count Colli, of 6c,000 regular troops, btiides the mi- 
litia of the country, which was now embodied, and a 
fmall body of Neapolitan cavalry, amounting to about 
2300 men. General Beaulieu began the campaign, on 
the 9th of April, by attacking a pod called Voltri, 
which the French podefied, within fix leagues of Genoa. 
They defended themfelves till the evening, and then 
retreated to Savona. Next morning Beaulieu, at the 
head of 15,000 men, prefiing upon the centre of the 
French army, was completely luccefsful till one o’clock 
afternoon, when he reached a redoubt at Montennote, 
which was the lad of their entrenchments. This re- 
doubt contained 1 $00 French. Their commander, 
Rampon, prevailed with them, in a moment of enthu- 
fiafm, to fvvear that they would not furrender ; and the^ 
confequence was, that they arrefted the progrefs ot 
Beaulieu for the remainder of the day. During the 
night, Bonaparte dationed his right wing under La^ 
Harpe, a Swifs exile, in the rear of the redoubt ot 
Montenotte, which dill held out, while he himfelf, with 
Maflena, Berthier, and Salicetti, advanced by Altara, 
to take the Audrians on their dank and rear. Beau- 
lieu, in the mean time, had received powerful reinforce- 
ments, and on the morning of the 1 ith renewed the 
attack on the French under La Harpe ; but Maflena 
foon advancing upon the flank of the Audrians and 
Sardinians, they gave way on all fides. Two of their h;$ faCceft 
generals, Roccavina andxA-rgentau, werewounded. They Ls. 
lod 2500 prifoners, and were purfued beyond Cairo, of 
which the French took pofleflion on the following day. 

On the 13th at day-break, the defiles of Milefimo, 
were forced by the French General Augereau; and, 
by a fudden movement, General Provera, a knight of 
the order of Maria Therefa, at the head of 1500 Auf- 
trian grenadiers, was furrounded ; a circumdance which 
proved not a little embarraffing to the French army. 
For this refolute officer, indead of furrendering, in- 
ftantly withdrew to a ruined caftle on the top of the 
mountain, and there entrenched himfelf. Augereau 
brought up his artillery, and fpent many hours in at- 
tempting to diflodge him. At lad he divided his troops 
into four columns, and endeavoured to carry Provera’s 
entrenchments by dorm. The French lod two gene- 
rals, Banel and (jhienin, and Joubert was wounded in 
this attempt, which proved unfuccefsful. Provera paf- 
fed the night in the midft of the French army, which 
had been prevented by his obdinate refidance from 
coming to battle. On the 14th the hodile armies faced 
each other, but a divifion of the French troops was 
dill occupied in blockading General Provera. The 
Audrians attempted to force the centre of the French, 
but without fuccefs. Maflena, in the mean time, turn- 
ed the left flank of their left wing near the village of 
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French Dego; while La Harpe, 
-IrH-ebfe.edum08, turned tlie right flank of the fame wing. 

One column kept in awe the centre of the Auftrians, a 
fecond attacked the flank of their left wing, while the 
third column gained its rear. Thus was the left wing 
of the combined army completely furrounded and 
thrown into confuflon. Eight thoufand men were, on 
this o'ccafion, taken prifonem, and General Provera at 
lafl alfo furrendered. 

Thefe vidfories were not gained over a timid or an 
inadfive adverfary. On the morning after his fatal de- 
feat at Millefimo, Beaulieu made one of thofe fpirited 
efforts which often retrieve and alter the fortune of war. 
At the head of 7000 chofen Auftrian troops he at- 
tacked, at day-break, the village of Dego, where the 
French repofed in fecurity after their fuccefs. He 
took the village; but the French having rallied under 
General Maffena, fpent the greater part of the day in 
attempting to retake it. They were thrice repulfed, 
and one of their Generals, Cauffe, was killed. Towards 
evening, however, Bonaparte in perfon having brought 
up reinforcements, the poll was retaken, and the Auf- 
trians retired with the lofs of /400 made prifoners. 

Bonaparte had now thrown himfelf between the Auf- 
trian and Sardinian armies. By the poffellion of the 
ffrong poll of Dego, his right was fecured againft the 
efforts of Beaulieu, while he was enabled to adf with 
the mafs of his force againfl the Piedmontefe troops. 
His enterprifes in this quarter were facilitated by the 
exertions of Augereau, who had opened a communica- 
tion with the valley of the Tanaro, where Serrurier’s 
divifion was approaching the town of Ceva, near which 
the Piedmontefe had an entrenched camp defended by 
&000 men. 

On the 16th Augereau attacked the redoubts which 
covered this camp, and took moft of them ; which in- 
duced the Piedmontefe to evacuate it during the night, 
and on the 17th Ceva was entered by Serrurier. Count 
Colli now retreated to cover Turin ; making choice, 
however, of the flrongefl polls, and fighting in them 
all. Pie was able, on the 20th, to repulfe Serrurier ; 
but on the 22d Bonaparte, ftill prefling on the Pied- 
montefe general, defeated him near Mondovi, and en- 
tered that place. The retreating army next endeavour- 
ed to make a ftand, with its head quarters at Foflano, 
and its wings at Coni and Cherafco. On the 25th 
Maflena advanced againft Cherafco, which was fpeedily 
evacuated. Foflano furrendered to Serrurier, and Alba 
to Augereau. ( ^ 

Previous to thefe lafl movements, however, Count 
Colli, on the 23d of April, had written to Bonaparte, 
requefling an armiftice, to allow the King of Sardinia 
an opportunity of negociating a peace. The French 
army was now within 26 miles of Turin j and that 
prince faw himfelf fuddenly reduced to the necefiity of 
Handing a fiege in his capital, or of accepting fuch terms 
as the conqueror might think fit to impofe. Bonaparte 
granted an armiflice, on condition that the three for- 
trefles of Coni, Ceva, and Tortona, fhould be delivered 
up to him, with their artillery and magazines, and that 
he fhould be allowed to crofs the Po at Valentia. The 
armiflice was ligned on the 29th, and it was followed 
by a formal treaty with the French Republic, which 
was concluded at Paris on the 17th of May. The 
conditions impofed by this treaty upon the King of 
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with his divifion in three Sardinia were humiliating and fevere. 

161 
Armiftice 
with Sar- 
dinia fuc- 
ceeded by 

a6i 
A formal 
treaty. 

w He gave up to French 
France for ever the duchy of Savoy, and the counties Revolut'on, 
of Nice, Jenda, and Bretueil. He gave an amnefly to , 1 

all his fubje&s that were profecuted for political opi- v J 

nions. He agreed that the French troops fhould have 
free accefs to Italy through his territory ; and, in addi- 
tion to the fortreffes furrendered by the armiflice, be 
gave up thofe of Exiles, Sufa, Brunette, Afliette, Cha- 
teau Dauphin, and Alexandria, to be poflefled by the 
French during the war ; and they were authorifed to 
levy military contributions in the territory occupied by 
them. He agreed to eredl no fortrefles on the fide of 
France, to dernolifhl.he fortrefles of Brunette and Sufa, 
and to difavow his difrefpedlful condudt towards the 
lafl French ambaflador. 

In the mean time the French army advanced towards 
the Po. Beaulieu was deceived by the arcicle in the 
armiflice ; which llipulated, that the French fhould be 
allowed to crofs that river at Valentia, and made all hia 
preparations for refiflance in that quarter. Bonaparte 
laboured, by feveral evolutions, to confirm this error ; 
and while the Auftrian general waited for him near Va- 
lentia, in various well fortified pofitions, he advanced 
haftily into Eombardy; and had proceeded fixty miles 
down the river to Placentia, where he arrived on the 
7th of May, before the diredlion of his march was dif- 
covered. He immediately feized whatever boats or 
other craft he could find, and afle&ed his paflage with- 
out difficulty, there being only a fmall party of Auf- 
trian cavalry accidentally on the oppofite bank, and they 
fled at his approach. Beaulieu in the meanwhile had 
fent, when too late, a body of 6000 infantry and 2000 
cavalry, to prevent if poffible the French from paffing 
the river ; but Bonaparte, now on the fame fide of the 
river with themfelves, met and defeated them on the 
8th at the village of Fombio. Another body of 5000 
Imperialifls, advancing to the affiftance of thofe at Fom-^™^06 

bio, was met at Codogno, and repulfed by General LaD^k^f 
Harpe ; but this officer was killed on the occafion. On Parma, 
the 9th Bonaparte granted an armiftice to the Duke of 
Parma, on condition of his paying a contribution of 
2,coo,ooo of brench money, and delivering 10,000 
quintals of wheat, 5,000 quintals of oats, and 2,000 
oxen, for the ufe of the army. This prince alfo agreed 
to deliver up 20 of his bell paintings, to be chofen by 
the French. This laft ftipulation was no fooner known 
in France, than manyr men of letters and artifts remon- 
ftrated againft it as both impolitic and ufelefs. They 
contended, that it would render the French Republic 
odious to all Italy, without producing any advantage to 
compenfate this evil, as the progrefs of the arts could 
not be promoted by removing their belt produftions 
from the feenes in which they originated. But the 
Directory was too much occupied by views of national 
aggrandifement to liften to confiderations of this kind, 
and fimilar ftipulations were ordered to be inferted in 
every future treaty ; by which means the moft valuable 
curiofities of Italy were gradually transferred to the 
French capital. 

Beaulieu, now driven from the Po, crofled the Adda 
at Lodi, Pizzighitone, and Cremona. He left fome 
troops, however, to defend the approaches to Lodi. 
The advanced guard of the French attacked thefe on 
the 10th, and drove them into the town ; which was en- 
tered in fuch clofe purfuit, that the Imperialifts, on lea- 

ving 
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French ving it, had not leifure to break down the bridge over 

Revolution,the Adda. At the other end of the bridge the Impe- 
I79^* rial army was drawn up, and thirty pieces of cannon 

' defended the paflage. The French generals, after a 
Victory at confultation, agreed that it could not be forced. But 
Lodi. Bonaparte having demanded of his grenadiers if they 

were willing to make the attempt, they applauded the 
propofal, and he formed them into a clofe column. 
Taking advantage of a cloud of fmoke which iflued 
from the hoftile artillery, they rufhed along the bridge, 
which was about 100 yards in length, and were at the 
middle of it before they were difcovered. Here a ge- 
neral difcharge from the Austrians deilroyed 700 men. 
The French column hefitated, and the carnage became 
terrible ; but Maffena, Berthier, Dallemagne, Cervoni, 
Lafnefs, Dupat, and other officers, flying to the head 
of the column, urged on the foldiers, and preffing for- 
ward, broke into the ranks of the Imperial army, which 
immediately gave way, and fled in all dire&ions. This 
exploit has been much celebrated. The intrepidity of 
the troops by whom it was accompliihed is unqueilion- 
able ; but how far the leader who urged them to fuch 
an enterprife is entitled to approbation may well be 
doubted. He had pafled the Po with fcarcely the lofs 
of a man. The Adda is a very inferior ftream, which 
has fords both above and below the town of Lodi. The 
river was actually eroded at one of thefe by Augereau 
with the cavalry, during the attack upon the bridge. 
With the delay of one day therefore the paflage might 
have been effedted without difficulty by the whole army, 
and there was no adequate motive to juitify the laviih 
expenditure of blood which was here made ; for the 
French army no longer prefled forward in purfuit of 
Beaulieu, but, after the furrender of Pizzighitone and 
Cremona on the 12th, returned upon Pavia and Milan 
on its left (a). Thefe places opened their gates without 
refiftance, though the citadel of Milan held out for a 
ffiort time. 

It would feem that, in the original plan of Bona- 
parte’s campaign, the utmolh expedted from his efforts 
was to gain fuch an afcendancy in Italy as might induce 
the princes and ftates of that country to defert the 

Its confe- coalition againil France, which all of them affifled with 
quences. money and provifions, if not with troops. To accom- 

plifln this objedl, though he fent Maffena in purfuit of 
Beaulieu as far as Verona, yet he himfelf now turned 
afide into Modena and the territories of the Pope. He 
took Ferrara, Bologna, and Urbino^ and at lalt grant- 
ed an armiftice to his holinefs and the Duke of Modena, 
on the ufual conditions of large contributions of money, 
paintings, and curiofities. From the Pope he farther 
exadted the ceffion of the legations of Bologna and 
Ferrara, and pofleffion of the citadel of Ancona. His 
march into the Roman territory fo alarmed the Neapo- 
litan cabinet, that it now folicited peace ; and Bona- 
parte granted an armiftice, without attempting to add 
to it the humiliating conditions to which the other Ita- 
lian ftates were fubjedled. From the territories of the 
Pope, Bonaparte haftily advanced with a body of troops 
to Leghorn, in the neutral ftate of Tufcany, under pre- 
tence of driving out the Lnglifti, whofe property there 

(a) We think this condudt cannot be accounted for, 
between Bonaparte and the Auftrian officers. 

he confifcated. By thefe meafures the talk affigned to French 
Bonaparte was completed by the time the campaign **-evo'u^lon» 
upon the Rhine was begun. Mantua was ftill indeed ‘ « 
in the hands of the Imperialifts, but it was blockaded, 266 
and all Italy was now fubmiffive to France. Succeffes of 

Todiminifh, if poffible, the efforts of the French °n the^Frcnch 
the fide of Italy, the Imperialifts thought it neceffary J”. 
to renew the conteft in Germany. An intimation was 
therefore fent to General Jourdan, that the armiftice 
would terminate and hoftilities commence on the 31ft 
of May. At this time General Wartenfleben oppofed 
Jourdan ; and the Archduke Charles commanded the 
army in the Hundfruck, which covered Mentz and 
Manheim, and was ftationed againft Moreau on the 
Upper Rhine. The French began their operations with 
a very artful ftratagem, intended to draw the whole 
Auftrian force to the Lower Rhine, that Moreau might 
have an opportunity of fuddenly penetrating into Swa- 
bia, and confequently of carrying the war towards the 
hereditary territories of Aultria. For this purpofe 
Moreau remained quiet, while Jourdan began to adt vi- 
goroufly. On the 31ft of May his left wing, under 
Kleber, iflued from the lines of Dufleldorf, on the right 
bank of the Rhine, and, advancing towards the Sieg, 
defeated the Imperialifts. Thereafter they were driven 
fucceffively from the ftrong pofitions of Ukareth and 
Altenkirchen, and retreated acrofs the Lahn, Jourdan, 
in the mean time, having advanced with his centre and 
right win^, forced the Auftrian pofts on the Nahe, 
croflcd the Rhine, formed the blockade of the fortrefs 
of Ehrenbreitftein, and haftened forward as if about to 
form the blockade or liege of Mentz. By thefe move- 
ments the Archduke found himfelf in the hazardous ii- 
tuation of having Moreau in his front, while Jourdan, 
with a vidlorious army,'commanded his rear, fie there- 
fore haftily crofted the river, leaving the fortreffes of 
Mentz and Manheim to keep Moreau in check. Ha- 
ving joined the retreating army, he encountered Jour- 
dan’s advanced guard, which he compelled to retire af- 
ter an obftinate conflidL Jourdan did not hazard a ge- 
neral engagement, but withdrew to his former pofitions, 
the Archduke preffing hard upon him, till he railed the 
blockade of Ehrenbreitftein, and eroded the Rhine in 
its neighbourhood, till Kleber, on the 20th of June, 
entered the lines of Duffeldorf, from which he had fet . 
out. 

Thefe movements were forefeen. For the inftant 
that the Archduke withdrew from the Palatinate to 
drive Jourdan down the Rhine, Moreau afeended ra- 
pidly towards Stralburgh ; fo that thefe hoftile armies 
feemed to be flying from each other with all poffible 
fpeed. On the 24th of June, Moreau effedled the pal- 
fage of the river oppofite to fort Kehl. This was an 
enterprife of confiderable difficulty ; for a fudden fwell, 
by covering a part of the iflands with which the river 
abounds, had prevented the Auftriaiis from being taken 
by furprife, as was originally intended. The entrench- 
ments on fuch iflands as were occupied by troops were 
fpeedily carried by the bayonet, and 2600 French land- 
ed on the oppofite ftiore, but without cavalry or artil- 
lery. Here they were expofed to the attacks of the 

AuftVian 

but by the fuppofition of a very improper correfpondencc 
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French Auftriart Tiorfe from the camp of Wilfledt, and to the 

Revolution)flre of the cannon of the fort. They maintained their 
i7(>6- ground, however, and even a&ed on the offenfive, till 

the boats, which had been fent back, returned with a 
reinforcement. The whole redoubts and the fort were 
then inftantly taken by itorm, or with the alhitance of 
fuch cannon as had been found in the iirft redoubts at 
which the French arrived, and the Imperialills fled to- 
wards Offenburgh. 

The departure of the Archduke to the Lower Rhine 
in purfuit of Jourdan, and the large detachments which 
had recently been fent towards Italy to oppofe Bona- 
parte, now enabled Moreau to enter Swabia with a 
great fuperiority of force. The ftrong military pofi- 
tions, however, which the country affords, prefented to 
him confidcrable difficulties. On the 26th of June he 
drove the Auflrians from their camp of Wilftedt ; and 
on the 27 th he advanced with his army, in three co- 
lumns, againft another camp of 15,000 men in front of 
Offenburgh. General Wunnfur fent a flrong reinforce- 
ment from Manheim to the afiirtance of thefe troops ; 
but having encountered two of the French columns on 
its way, the reinforcement was defeated, and the camp 
at Offenburgh was evacuated during the night. The 
Auflrians made an obflinate (land at Renchen, near 
Philipfburgh, on the 29th, hut were at laft compelled 
to retire with the lofs of 1 200 men taken prifoners, and 
feveral pieces of cannon. On the 2d of July a divifion of 
the French army, under General Laroche, fucceeded in 
feizing the mountain Knubis, which is the highefl point 
of the ridge of mountains called the Black Forelt. On 
the 3d, after an obflinate conflidl, the Auftrians were 
driven from the pafs of Friedeniladt ; in coniequence 
of which they loft all communication with the emigrant 
troops under the Prince of Condc, and other Imperial 
troops ftationed on the Rhine towards Switzerland. 
On the 6th, the left wing of the French, under Defaix, 
encountered the Imperialifts at Raftadt, where the Au- 
ftrians, who had received fome reinforcements from the 
Lower Rhine, made a very determined rtfiftance; but 
U'ere at laft compelled to give way, and to retire to Et- 
tingen. 

The Archduke Charles now arrived in perfon with 
his army from the Lower Rhine, where he had left 
Wartenfleben, but with inferior force, to oppofe Jour- 
dan. The French, under this general, had inftautly 
refumed the offenfive upon the departure of the Arch- 
duke. Kleber advanced from the lines of Duffeldorf, 
as formerly ; while the centre and right wing eroffed the 
Rhine near Cobleutz. The polls of Ukareth and Alten- 
kirchen were forced, and on the 9th of July the whole of 
Jourdan’s army crofled the Lahn. On the icth, Warten- 
fleben was defeated near this river, after great daughter 
on both ftdes, with the lofs of 500 prifoners ; and the 
FYench on the i 2th entered Franckfort. The fituation 
of the hoftile armies was now become extremely impor- 
tant. The two Imperial armies were at no great dif- 
tance from each other, and were placed in the centre 
between the armies of Moreau and Jourdan. Could 
the Archduke, who was commander in chief, have re- 
filled one of thefe armies for a fhort time, at any ftrong 
pofition, by a detachment of his troops, while he pre- 
cipitated himfelf with the mafs of his force upon the 
other, is is probable that any farther invafion of Ger- 
many might have been prevented. But the adlivity of 
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the French generals, whofe progrefs could nowhere he F e’ ch 
refilled by partial efforts, prevented the poffibility of Revolution, 
executing fuch a plan. He was therefore under the . , 
neceffity of making his final exertion for the prefent 
fafety of Germany againft Moreau at Ettingen, on the 
9th of July, without having formed any jun&ion with 
Wartenfleben. The battle was moft obftinately fought. 
The French were four times repulfed in their attempts 
to force the heights of Rollenfolhe ; and it was not till 
they had experienced a dreadful flaughter that they at 
laft carried the field by the bayonet. 

The lofs of the battle of Ettingen compelled the two 
Imperial armies to retire eaftward. After placing 
ftrong garrifons in Mentz, Manheim, and Philipfburg, 
the Archduke retreated through Swabia towards Ulm, 
where Ins magazines were placed. At every ftrong po- 
fition, however, he made an obftinate Hand ; thus endea- 
vouring to render the progrefs of the French under 
Moreau as tardy as pofiibk. Wartenfleben, with the 
other Imperial army, retired through Franconia, refitt- 
ing Jourdan in the fame manner. Many bloody battles 
were fought, of which it is here unneceffary to give a 
minute defeription. It is fufficient to rernaik, that the 
French were long fuccefsful in them all. They gra- 
dually preffed forward till Moreau’s army compelled the 
Archduke to crofs the Neckar, and afterwards the Da- 
nube, leaving the whole circle of Swabia in the rear of 
the French. Wartenfleben was in like manner driven 
through Afchaffenburgh, Wurtzburg, Schweinfurt, and 
found it neceflary to crofs the Rednitz, on the 6th of 
Auguft, at Bamberg, to avoid the preffure of Jourdan’s 
army in his rear. This army continued to advance till 
its right wing, under Bernadotte, was polled at Neu- 
marck, with his advanced pofts at Teining, while the 
body of the army had driven Wartenfleben beyond 
the Nab, and had reached Amberg on the 22d of 
Auguft. _ 367 

Excepting a part of the mountains of Tyrol, threeAlarm 
French armies, under Jourdan, Moreau, and Bonaparte, tkro''iRfi°ut 

now occupied the whole country reaching from the <^Lrman^’ 
frontiers of Bohemia to the Adriatic Sea. The alarm 
throughout Germany was extreme. Tire Duke of 
Wirtemberg obtained peace from the French on condi- 
tion of paying 4,oco,ooo of French money. The 
circle of Swabia did the fame, on engaging to pay 
I 2,000,000 of livres, and to deliver 8,403 horfes 5,000 
oxen, 100,0:0 quintals of wheat, 50,000 quintals of rye, 
100.000 facks ot Ocits, 100,00cpairs of {hoes, and a large 
quantity of hay. The Margrave of Baden obtained peace 
on fimiiar terms. The elector of Bavaria and the circle 
of Franconia negociated, and offered large payments ; 
and even the diet of Ratifbon fent a deputation to treat 
with the French generals for neutrality. The King of 
Pniffia now entered into a new treaty with the French ; 
the conditions ot which were concealed, but its nature 
appeared in the advantage which he took of the pro- 
grefs of their arms to take poffeffion of certain territo- 
ries in Germany, and particularly of the fuburbs of 
Nuremberg, under pretence of fome antiquated title. 
Spain alfo entered into a treaty offenfive and defenfive 
with France, which was afterwards followed up by a 
declaration of war again Britain. 

The danger of the houfe of Auflria was now very Danger cf 
great ; and had Bonaparte, inflead of being detained in the houfe 
Italy, by events of which we fliall immediately take no-°f Auftri3' 

tice, 
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French tiee, been able to crofs the Tyrol by Infpruck, and to 

Revolution,reach the banks ot the Danube, there is little doubt 
. 1796, that the Emperor mu ft have fubmitted to fuch condi- 

tions as the French thought fit to impofe. Deferted 
in all quarters by the members of the coalition, he ftill, 
however, retained an ally in Great Britain, whofe riches, 
liberally bellowed in the form of a loan, extricated him 
from the prefent difficulties. Having the command of 
abundance of money, he was enabled to fend one army 

^ after another to oppofe Bonaparte in Italy, while he 
recruited nis armies in Get many by exteniive levies, and 
by taking into his pay the troops of thole ftates that 
made peace with France. 

Mafterly 1 he Archduke, having received powerful reinforce- 
condufl of ments, refolved to make a ftand, on the nth of A u- 

duLf™11* guft’ a&a,’n<t Moreau at Umenheim. A fevere battle was fought during ieventeen hours, and one of the 
wings of the Auftrian army, under General Ricle, even 
fucceeded in occupying four leagues of territory in the 
rear of the French army ; but the Archduke having re- 
ceived intelligence, in the mean time, that Wartenfle- 
ben could not maintain his ground againii Jourdan, he 
thought it neceftary to continue his retreat, and to 
adopt new' meafures. On the i 7th of Auguft he left Ge- 
neral La Tour, with a part of his numerous army, to op- 
pofe Moreau, and having crofted the Danube at Neuburg 
and Ingollladt, he marched to Warlenfleben’s affiftance 
to fall upon Jourdan with united forces. On the 2 jd 
he attacked Bernadotte at i'eining, and forced him to 
retire towards Nuremberg. The Archduke was thus 
upon the right of Jourdan, while Wartenfleben w^as fta- 
tioned on his front. 7 he French general, finding his 
pofition dangerous, began to retreat on the 24th. From 
theftate of the finances, the French armies, at the com- 
mencement of this campaign, had been extremely ill 
equipped and ill paid. Flence the twro armies of Mo- 
reau and Jourdan plundered, without decency or mercy, 
every place into which they entered. In Jourdan’s 
army', more eipecially, the wrant of difeipline wras ex- 
treme (a). Hence, when they began to retreat, load- 
ed as they were W'ith fpoil, they fuffered not lefs from 
the enraged inhabitants of the countries through which 
they pafied, than from the military efforts of the hoftile 
army. The Archduke having joined Wartenfleben, was 
enabled to fend off Nauendorf with reinforcements to 
La Four, who oppofed Moreau, and, in the mean time, 
he continued in perfon to purfue Jourdan towards 
\V urtzburg. Here the French made a ftand, on the 
3d of September, and a general engagement took place. 
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Both parties fullered great lofs, but more efpeeially the 
French, who retreated during the night. Jourdan now devolution, 
fled by Fuldaw to Wetzlaer. Having crofted the , 'W6, f 
Lahn, wrhere he made feme refiftance, he defeended 
along the banks of the Rhine, till his armv, on the 17th, 
reached Coblentz and Dufieldorf, from which it had 
originally departed. 

I he lit nation of Moreau’s t ny w^as now uncom- Critical fi- 
monly dangerous. Fie maintained his pofition, how-tuation of 
ever, till the 17th of September; but he was undeci-Moreau, 
ded in bis movements, and was obvioufly at a lofs how 
he ought to proceed. He attempted, without fuccefs, 
to withdraw' the Archduke from the purfuit of Jourdari, 
by detaching a part of his troops towards Nuremberg. 
Many attacks were made upon him, but all of them 
without fuccefs ; and the Imperial generals at laft <rave 
way to him wherever he turned. Finding at laft "that 
Jonrdan’s defeat was irretrievable, and that Bonaparte 
did not arrive from Italy, he refolved to retreat. He 
had recrofled the Lech to prepare for this event; but 
now fuddenly paffing it again, as if determined to ad- 
vance farther into Auftria, he drove back General La 
Foui as far as Landfberg. Having thus obtained free-Hin fldlful 
dom for his future movements, he fet out in full retreat, retreat, 
proceeding between the Danube at Ulm and the lake 
of Conttance. La Tour, however, foon prefied upon 
his rear. He found the paftes of the Black Foreft oc- 
cupied by large bodies of Auftrians and armed peafants, 
while Generals Nauendorf and Petrarfch harafted his 
right flank with 24,000 men. Once more therefore 
he turned upon La Tour, at Biberach, on the sd or 
O&ober, with great impetuofity, and having defeated 
him, took no lefs than 5000 prifoners ; whom he was 
able to carry to France. He now continued his re- 
treat ; his right wing, under General Dcfaix, keeping 
Nauendorf and Petrarfch in check, while the reft of 
the army cleared the paffages in front till he arrived at 
what is called the Valley of Hell ( Fa/ d'Erfcr), a nar- 
row defile, running for fome leagues between lofty 
mountains, and in fome places only a few fathoms in 
breadth. The centre of his army, advancing in a mafs, 
forced this paflage, w'hile the wings refilled the Im- 
perial troops under La Tour and Nauendcrf. After 
this defperate effort he reached Fribourg on the 1 3th 
of October, and was foon compelled by the Archduke 
Charles, who had now arrived from the purfuit of 
Jourdan, to evacuate all his pofitions on the Swabian 
fide of the Rhine, with the exception of Kehl, and a 
temporary fortification ereded at Huningen, called a 

3 ^ bridge 

(a) It would be improper to interrupt our military detail with the following information refpeainn- the mo- 
rals of Jourdan s army at th;s time : which, hotvever, it is i^rtunee fur our reader’s to knot.. w, > . 

■p°m lGuermanu^Unt’ ^ho iaw with his OWn eyes a conf,derable extent of the inarch and countermarch of the French through Trancoma. inc 

A1 mo ft every officer m Jourdan’s army had a miftrefs ; and fuch of them as by plunder could fupport the ex- 
pence, gave balls, acted piays, and exhibited every fpecies of gaiety wftien the army was not in actual motion. 

n a 1 this there was nothing wonderful. The ladies, however, w'ere not unfrequently premtant • and as nurfmer 
would keep them from thefe aflemblies, where their company could not be difpenfed with by the foldiers of if 

two^V^^r rTWn A- ^ HT v0™ ;n?nt8“'^ dro,wned them PuhMy 1 °ur corvefpondent (the Cou t) faw two of the little v,dims, and he heard, from unqueftionable authority, of feveral more. At a place with n fix 
miles of Nuremberg, a Pruffian panlh-mmiller, who was alfo a fort of juflice, endeavoured to favt one innocent 
and was thrown into the river and fired at by the French, when his par.lhioners endeavoured to fave him. He 

a< the haPPiners» however, to fave the child, and was allowed to keep it, the mother never enquiring after it > 
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French bridge-head (/o/e de pont^ though there was no bridge 

Revolution, at that place> 

. 17^ * , • The Imperial troops, in the mean time, had taken 
advantage of the defencelefs ftate of the French frontier 
to crofs thc Rhine at Manheim, and to advance in va- 
rious detachments to Weiffemburg, Seitz, Hagenau, 
and aim oft to the gates of Strafburgh, levying contribu- 
tions and taking hofta^s wherever they came. Thefe 
detachments being now recalled, the Archduke refolved 
to terminate the campaign by the capture of Kehl, and 
of the fortification at Huningen. But this proved no 
eafy talk. As the communication with the French fide 
of the river was open at both places, the divifions of 
Moreau’s army did duty at them by turns. A great 
part of the winter was fpent in fruitlefs attempts, on 
the part of the Auftrians, fometimes to take them by 
llorm, and fometimes to reduce them by the forms of re- 
gular liege. Different fallies were made by the French, 
and immenfe numbers of men were loft on both fides 
by the fword, and by the feverity of the feafon. It 
was not till the 10th of January that the FYench agreed 
to evacuate Kehl, and the fortification at Huningen was 
not given up till the fucceeding month. 

During the invafion of Germany that has been now 
mentioned, and the reveries that were fuffered by the 
French armies there, Bonaparte ftill continued to gain 
victories in Italy. The fuccefs and the wonderful for- 
tune of this man, require that we Ihould give tome ac- 
count of the arts by which he was enabled, fo unex- 

111 pededly, to triumph over the molt experienced military 
Reflexions cornmanjers 0f t^e age in which he lived. In the mi- 

fereru or- ^tary art three or^ers battle,- or forms of dravving 
<3ers of up an army, have been chiefly adopted by thofe nations 
battle. vvhofe force has principally eonfifted of foot foldiere. 

The fir ft form or mode conlifts of arranging the troops 
in a deep line ; that is, with from 1 6 to 30 men placed 
clofe behind each other. This is the moft ancient and 
the fimpleft order of battle. It was carried to perfec- 
tion by the Greeks, under the name of the Phalanx ; 
and, when the foldiers were armed with the long Iptar, 
it was extremely formidable. It left little to the fkill 
of the general, except the choice of the ground where 
he was to fight, and made all to depend upon the fteadi- 
nefs of the troops. It was attended with theie difad- 
vantages, however, that an army thus drawn up com- 
manded very little territory, and that if its ranks hap- 
pened to be broken by unequal ground, or an uncom- 
mon effort of the enemy at a particular quaiter, its 
parts could not eafily be re-united, and it infallibly went 
into confulion. In modern times, this order of battle 
cannot be adopted with fuccefs on account of tne faci- 
lity with which it is broken by artillery, and the {laugh- 
ter to which it expofes the troops from every kind of 
fire arms. The fecond, or modern order of battle, 
confifts in forming a front of an immenfe extent, with 
only two or three men in depth, and ufually fupporting 
thefe by another, and perhaps a third equally flender 
line, at a confiderable diftance in the rear. Troops 
thus drawn up derive the greateft pofiible benefit from 
their own fire arms, and fuffer the leaf! lofs from thofe 
of the enemy. They provide for their own fubfiftence by 
covering an immenfe trail of country, i heir battles are 
not fanguinary, as they are feldom very clofely engaged; 
and in cafe of a defeat, little lofs is f uffered, becauie they 
can fcatter therr.felves over a wide fpaee, as the rear pro- 

tects the advanced body ; and as the troops in a long- French 
line can feldom all be engaged at once, they are fun-^evoluh°n; 
ported by each other in a retreat. This order of battle, j 
however, is eafily broken ; and the moment the flank of 
an army is turned, it is under the neceffity of retreat- 
ing, as troops cannot fpeedily be brought from other 
quarters to face the enemy there. The laft order of 
battle confifts of dividing an army into columns of a 
narrow front and very great depth, and of ftationing 
the columns at fome diftance from each other, with a 
fecond fet of columns oppofite to the intervals between 
the fir ft. This arrangement is fuperior to the phalanx, 
in this refpeft, that it does not expofe an army to dif- 
order by inequalities of ground, by the turning of its 
flank, or even by the defeat of one of its parts. The 
celebrated Epamiirondas won the battles of LeuCfra 
and Mantinea, by forming a part of his troops, on each 
of thefe occafions, into a ftrong column, which, by its 
great depth, and the mechanical weight of its fhock, 
broke through the Spartan phalanx. The Romans are 
known to have owed their military fuccefs, in a great 
meafure, to the arrangement of their legion. It was 
drawn up upon the principle now mentioned ; and tho’ 
the columns were only 16 men in depth, it was con- 
feffedly fuperior to the phalanx. In modern times, 
however,'this order of battle is attended with great dif- 
ficulties. It muft reduce an army to embarraffment 
with regard to provifions from the fmallnefs of territory 
which is thus occupied, and it expofes the troops in an 
engagement to dreadful deftnuftion from the powerful 
milfile weapons which are now employed. In every 
enterprife they muft inftantly carry their point or be 
undone, as the fire of a few guns from a fingle battery 
or redoubt would exterminate them by thoufands. 
With all its imperfe&ions, however, this laft order of 
battle has at times been employed by enterprifing men. 
It was the favourite arrangement of Guftavus Adol- 
phus ; and his troops were drawn up according to it at 
the battle of Lutzen, where he himfelf was killed, while 
his army was victorious. The celebrated Marquis of-py^ or(j€r 
Montrofe alfo ufed it on more than one occafion, and adopted ly 
it was now adopted in all important cafes by Bonaparte. Bonaparte. 
Trufting to its fuccefs, he puflied his columns into the 
midft of the Aultrian army at Millefimo, and fairly cap- 
tured one of its wings. He ventured farther to throw 
himfelf into the centre, between the Auitrian and Sardi- 
nian armies, and to vanquifh the one, by a&ing againft it 
with his whole troops while feparated from the other. 
Being carelefs about the (bedding of blood, he never he- 
iitated to expofe his whole army to utter ruin in cafe of 
a failure. The fuccefs of his battles, by enabling him 
to lay almoft all Italy under contribution, gave him the 
means of maintaining the moft fleady and fevere difei- 
pliue over a well paid army. Filled with high notions 
of military glory, which he is faid to have derived from 
the writings of Plutarch, he laboured to inflame, with 
the fame fpirit, the minds of his foldiers by proclama- 
tions, expreffed in a very different ftyle from the formal ^ 
and more modetl language of modern times. “ Soldiers H;s pom_ 
(faid he, when he firlt entered Lombardy), you have p0US pro. 
rufhed like a torrent from the fummit of the Appe-clamation. 
nines, you have driven back and difperfed all who op- 
pofed your march. Your fathers, your mothers, your 
wives, your lifters, your fweethearts, rejoice in your 
fuccefs, and boaft with pride of being related to you. 

But 
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French But remains there nothing more for you to efTeft? Shall There was 

Revolution, p0fterjty rqjroach us with having found a Capua in 
, i'^0' , Lombardy ? But I already fee you rufhing to arms ; 

an unmanly repofe fatigues you, and the days loll to 
glory arc loll to your felicity. But let the people be 
tranquil; we are the friends of all nations, and more 
particularly of the defeendants of the Brutules, the Sci- 
pios, and the illullrious perfonages whom we have cho- 
len as models. To reltore the Capitol, to replace with 
honour the Hatties of the heroes who rendered it re- 
nowned, and to roufe the Roman people, become torpid 
by fo many ages of Havery, fuch will be the fruit of 
your victories ; they will form an epoch to pofterity, 
and you will have the immortal glory of renovating the 
fair ell portion of Europe. The French nation, free 
and refpedled by all the world, will give to Europe a 
glorious peace. You will then return to your homes 
and your fellow-citizens ; who, when pointing to you, 
will fay. He ’was of the army of Italy ” 

At the commencement of the French invafion of 
Germany, Marfhal Wurmfer was fent into Italy to re- 
place Beaulieu, who was removed from his command. 
On his arrival, he colledled the wrecks of the Andrian 
army, and prepared, till he fhould receive reinforce- 
ments, to coniine the French within as narrow limits as 
poffible, by lines drawn from the lake of Garda to the 
river Adige. At the end of June, however, thefe lines 
were attacked and carried by Maffena’s divifion, which 
induced Wurmfer to avoid farther exertion till he fliould 
receive an increafe of force. In the mean time Bona- 
parte was not a little difturbed by partial infurredlions 
of the Italians. Soon after his arrival in Lombardy, 
the inhabitants of Milan and of Pavia had rifen in con- 
cert againd his troops ; but they were reduced to fub- 
jedlion with little bloodfhed. In the beginning of July, 
farther infurre&ions broke out iu the Romagna. The 
infurgents edablilhed their head quarters at Lugo, and 
repulled a party of French cavalry that was fent againd 
them. It was not till Augereau had overcome them, 
on the 6th, in a battle in which he lod zoo men, that 
they could be fubdued. The daughter of thefe unhappy 
people was very great. Their town was given up to 
pillage, and all found in arms dedroyed. 

The fird part of the month of July was fpent by Bo- 
naparte in commencing the liege of Mantua in regular 
form ; and towards the clofe of that month he expefted 
its capture. In this, however, he had ill-calculated the 
immenfe military efforts which Audria, aided by the 
money of Britain, was capable of making. Twenty 
thoul'and troops had been fent from the Rhine, and 
other reinforcements were marching towards Italy from 
all quarters; fo that Bonaparte, indead of being able to 
take Mantua, had fpeedily to defend himfelf againd the 
force of a fuperior army to his own, that approached 
to raife the fiege, and even threatened to drive him out 
of Italy. Wurmfer’s army defeended from the Tyrol 

Partial fue-in two diviiions. One half of it proceeded along the 
ceffesof eaft fide Gf the lake of Garda, and the other came by 

the wed to cut off the retreat of the French, who were 
thus enclofed by the Audrians. On the 29th of July, 
at three o’clock in the morning, Maffena was driven 
from the drong pod of La Corona, on the ead of the 
lake, while, at the fame time, 15,000 Audrians drove 
the French from Salo, and afterwards from Brefcia, with 
#11 the magazines and hofpitals of Bonaparte’s army. 
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of operations that had been formed by the Imperialids. 
Their army united was an overmatch for the French ; 
but they had voluntarily divided it into two parts, pla- 
cing Bonaparte between them. The error was inllant- 
ly difeerned, and taken advantage of by their anta- 
gonid. On the night of the 30th, he fuddenly raifed 
the liege of Mantua, and leaving a fmall body of troops 
to keep in check the Imperialids on that lide, he march- 
ed rapidly wedward, and on the fird of Augull retook 
Brefcia, with the magazines and hofpitals. Having 
the mafs of his army united, Bonaparte furpaffed his 
antagonids in numbers wherever he encountered them. 
He prepared to attack the Imperialids on the 3d at Salo, 
Lonado, and Cadiglione, but was anticipated by them. 
Having formed a large body of his troops into clofe co- 
lumns, the Audrians, who were not yet aware of the na- 
ture of his mode of fighting, extended their line to fur- 
round them; a movement which enabled the columns to 
penetrate the Imperial army in all diredlions, and throw 
it into complete diforder. The French took 4000 pri- 2,g 
foners, and 20 pieces of cannon. The Imperial troops He is de- 
were here fo completely defeated, that a confiderablefcated. 
divifion of them having in vain attempted to retreat by 
Salo, which they found occupied by the French, wan- 
dered about in fearch of a road by which to efcape ; and 
having next day come to Lonado, they fummoned it 
to furrender, upon the fuppofstion that the greater part 
of the French army had gone eadward to encounter 
Wurmfer. This was a&ually the cafe ; but it fo hap- 
pened, that Bonaparte was in perfon at Lonado with 
only 1200 men. He was fufficiently perplexed by this 
accident ; but having ordered the meffenger to be 
brought into his prefence, he threatened to dedroy the 
whole divifion tor having dared to infult the French 
army, by fummoning its commander in chief to fur- 
render. The dratagem was fuecefsful. The Imperial 
officers imagined that the whole army was in the place, 
and immediately, with their troops, laid down their 
arms, to the number of 4000 men. 

Such is the account of this tranfa&ion, which we 
have from the partial pen of the panegyritl of Bona- 
parte, who writes the hiltory of his campaigns in Italyr $ 
but we believe that the General has himfelf affigned 
the true realon of his fuccefs on this occafion, and 
others, where fuccefs could not be reafonably expedled. 
In one of his intercepted letters, Bonaparte informs his 
correfpondent, that the Audrian armies in Italy coft 
him more money than his own ; and indeed it is not 
within the compafs of fuppofition, that a body of ve- 
teran foldiers could have been intimidated to lay down 
their arms by fo vain glorious a threat as this, had not 
their officers been corrupted by French gold and French 
principles. The dratagem might have its effeft upon 
the common foldiers, but it could not poffibly impofe 
upon their leaders, or upon the meffenger who fummon- 
ed Lonado to furrender. 

On the 5th and 6th, Bonaparte attacked Marfiia! 
Wurmfer, and drove him from Pefchiera and the river 
Mincio. On the 7th, the Audrians were compelled to 
quit Verona, and to retire once more to the mountains 
of Tyrol. The conted, which had laded more than A«^h/de- 
fix days, cod the Imperialids more than 20,000 men^cated. 
upwards of 15,000 of whom were made prifoners. A 
part of the Emperor’s troops had been levied in Gal. 

3 G 2 licia, 
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French licia, the part of Poland which, in the partition of that 
Revolution,had been allotted to Aullria. rI hefe men fei- 

zed the moment of defeat to quit a fervice which they 
difliked, and to go over to the French ; a circumitance 
which greatly fwelled the lilt of priloners. 

It was now necefl'ary for the French to commence 
the fiege of Mantua anew. The garrifon in their abfence 
had dcflro} ed their works, and carried into the place 
140 pieces of heavy cannon which they had left behind 
them, and procured a confiderable quantity of provi- 
fions. The blockade was renewed; but the French, by 
the lofs of their artillery, were unable to proceed to a 
regular fiege ; and by the beginning of the month of 
September, Marlhal Wurmfer, having received new re- 
inforcements, was again enabled to attempt the relief 
of the place. Bonaparte having information of his in- 
tended approach, left fufficient troops to keep up the 
blockade, while he advanced northward with his army ; 
and on the 4th of September drove the Auftrians from 
the pafies of St Marco and the city of Roveredo to the 

aSo pafs of Galliano, where they made their principal ftand. 
His matter-Here a battle enfued, in which the French took no lels 
ly condmft than 6000 prifoners, and entered Trent as conquerors, 
a ter at u pjp0n fu{fen'ng this defeat, Marfhal Wurmfer adopted a 

meafure which cannot be fufficientjy approved of. In- 
ftead of retiring before the conqueror, who might have 
driven him to Infpruck, and arrived at a critical mo- 
ment at the Danube, where Moreau, after much hefita- 
tion, had only commenced his retreat, he fuddenly 
.threw himfelf with his vanquifhed army into Bafiano, 
upon the flank and rear of Bonaparte, and then advan- 
ced by halty marches towards Mantua. He attempted 
to make a ftand at Baftano on the 8th, but wTas defeat- 
ed, and 50CO of his men were taken prifoners. He 
had {till a confiderable body of troops how'ever. With 
thefe he puftied forward ; and having fought different 
fcattered divifions of the French at Cerea, Caftellano, 
and Due Caftello, he effected the paffage of the Adige at 
Porto Legnano, entered Mantua with the wreck of his 
army, amounting to about 4000 infantry and 4500 ca- 
valry. In this enterprife the Imperialifts loft altogether 
20,boo men ; but the effect of it was, that it fixed Bo- 
naparte in Italy, where he was obliged to remain watch- 
ing and keeping under blockade the numerous garrifon 
of Mantua- He hoped that its numbers would foon 
reduce it by famine to the necefiity.of a capitulation ; 
but in this he was deceived, as the fiefh of the horfes, 
carried into it by Wurmfer, afforded fubfiftence to the 
troops during a very long period. 

In the mean time, the fame which their countryman 
Bonaparte gained by thefe v’&ories, produced in the 
Corficans a defire to change the Britiih government for 
that of France. They accordingly dilplayed fo mu- 
tinous a fpirit. that the Britifii Viceroy thought fit to 
evacuate the ifiand, which was no longer of any value to 

wuhFrance.his government after all Italy had, in a great meafure, 
fubmitted to the French. The Imperial fuhjecfs in 
Italy alfo, along with the inhabitant of Bologna, Fer- 
rara, and Modena, v/ho were completely corrupted by 
the falfe philofophy of the age, began now to republi- 
canife themfelves under the patronage of the French 
general. They fent deputies to a convention, levied 
troops, and aboliHied all orders of nobility". 

The Emperor foon fent into the field a new army to 
attempt the relief of Mantua. In the beginning of 
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November this army advanced under the command of French, 
Field Marftial Alvinzi, who advanced towards Vizenza ^‘evolutlon» 
on the eait, leconded by General Davidovich, who de- 1 j 
icended with another divilion from Tyrol. Alvinzi 
had already crofted the Piava, when he was met by the 
French, and compelled to repafs that river. But Da-partjai tt^ 
vidovich, in the mean time, after feveral engagements, ceffes of the 
having fucceeded in driving the French down the Auttrians. 
Adige towards Verona, Bonaparte was under the ne- 
cefiity of concentrating his forces. He now adopted 
his ufual expedient of keeping one divifion of the hoilile 
army in check, while he contended with the mafs of his 
forces againft the other. Pie left Vaubois with fome 
troops to detain Davidovich, while he advanced in 
perfon againft Alvinzi, who was now haftening towards 
Verona. He was met, on his way, by the Auftrians at 
the village of Arcole. To feize this village, which could 
not be fpeedily turned on account of a canal, the 
French were under the necefiity of palling a narrow 
bridge in the face of the fire of the Auftrians. They 
made the attempt without fuccefs. Their officers ruffl- 
ed to the head of the column, and in vain attempted to 
rally the troops. Generals Verdier, Bon, Verne, and 
Laines, were carried off the field. Augereau advanced 
with a ftandard to the extremity of the bridge, but no- 
body followed him. At laft Bonaparte, who in the 
mean time had fent Guieux with 2000 men to turn the 
village at two miles diftance, haftened to the bridge of 
Arcole. Seizing a ftandard, he advanced at the head 
of the grenadiers, crying, “ Follow y'our general.^ 
They accordingly followed him to within 30 yards of 
the bridge, when they were intimidated by the terrible 
fire of the Auftrians ; and their leader found it neceffary 
to retire. Attempting to mount his horfe to rally the 
column, left the Auftrians fhould advance to the pur- 
fuit, he was thrown into a morals, while ftill under the 
fire of the troops in the village ; but here he again efca- 
ped, as the Auitrians did not attempt to follow up their 
advantage. 

The village of Arcole was taken towards the even- 
ing by Guieux, and afterwards evacuated by the French. 
On the following day (the ifith of November) an ob- 
ftinate conflict enfued in its neighbourhood, at which ^ 
nothing decifive was accomplilhed. On the lyth tliCTheyare 
Auftrians, having preffed impetuoufly forward upon the defeated... 
centre of the French army, were taken by furprife up- 
on their flank by the left wing of the French, which 
had been ftationed for that purpole in ambufeade. 
Their left wing, however, maintained its ground till 
Bonaparte fent round a party of horfe with twentyr-five 
trumpeters to their rear, who, by the noife they made, 
induced the Auftrians to believe themfelves lurrounded, 
and to fly on all tides in confufion. ' 

Here again appear evidences of treachery among the 
Auftrian officers, though the battle of Arcole was the 
molt ievere which the French had yet fought in Italy, 
and extremely fatal to their officers, as well as to a 
multitude of their troops. During its continuance, Da- 
vidovich had tucceeded in defeating Vaubois,. who was 
oppofed to him and Rivoli, and the blockade of Man- 
tua was adlually uncovered for a time. But Bona- 
parte now returned, after having driven Alvinzi acrofs 
the Brenta, and the pofitions of Rivoli and La Corona 
were retaken, and Davidovich repulfed into Tyrol. 
General Wurmfer, however, ftill held out in Mantua 

during 
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"French during the remaining part of the year ; and the only 
Revolution, frujt hitherto derived from fo many viftories was, that 

1796, the French nation was led to look towards Bonaparte 
v ' ' as its only invincible commander, upon whom all its 

hopes of conquell were to depend. 
During thefe military tranlaftions, Great Britain had 

. entered into a negociation with France. In confe- 
tWee

a
n

rid
rI’ <Iuence palfports obtained from the Directory, Lord 

I^rnce. Mahnefbury arrived in Paris, and began the negociation 
with De la Croix the minifter for foreign affairs. 1 ho’ 
the Directory could not decently retule to negociate, 
yet they were unwilling ferioufly to conclude a peace 
with Britain. On the other hand, the Britifh miniftry 
have fince declared that, as individuals, they aftuaily 
difapproved of a peace at this time, but that they 
thought it neceffary both to negociate, and even to 
conclude a treaty, if proper terms could be obtained. 
In judging thus, they were certainly right ; tor the 
country at large, not feeing the danger of peace, was 
very defirous of it, whilft a defperate faction was con- 
ifantly afcribing the continuance of the war to the cri- 
minal obftinacy of the Britifh government. The nego- 
ciation which was now fet on foot opened the eyes of 
all but thofe who wifhed to fell their country to French 
regicides. Lord Malmefbury propofed, that the prin- 
ciple of mutual reflitutions fhould be agreed upon as 
the bafis of the treaty. After much ufelefs altercation, 
and many notes had palled upon this fubjeft, and alio 
upon the queltion, how far Lord Malmefbury could ne- 
gociate for the allies of Great Britain, from whom he 
had received no official powers, the Directory at lafl 
agreed to the general principle of mutual reflitutions, 
and required that the objetts of thefe fhould be fpeci- 
fied. Accordingly, the Britifh ambaffador propofed, 
in two memorials, that France fhould relinquifh the 
Auflrian Netherlands, and offered to give up the French 
foreign fettlements in return. An offer was alfo made 
to reftore a great part of the Dutch foreign pofTeflions, 
on condition that the Stadtholder’s ancient authority 
fhould be acknowledged in that country. The Direc- 
tory now required Lord Malmefbury to prefent the ul- 

by the Di- t;matum 0f h{s conditions wu'thin twenty four hours. 

On his complaining of this demand, he was informed, 
on the 19th of December, that the Diredfory would 
agree to no conditions contrary to the French conffitu- 
tion ; and it was added, that his farther refidence at 
Paris was unneceffary ! 

During this year, Great Britain retained her ufual 
fuperiority by fca. A Britifh fquadron, under Admi- 

GoodHoperal Elphinfton, had taken pofTeffion of the Dutch fet- 
wkh a tlement at the Cape of Good Hope, on the 16th of 

September 1795. This fettlement the Dutch wifhed 
eagerly to recover; and for this purpofe they advanced 
money to enable the French to fit out a fquadron to 
co-operate with them in an attack upon it. The French 
government took the money, but the fquadron wras 
never equipped. The Dutch themfelves this year fent 
a fquadron of feven fhipsof war, under Admiral Lucas, 
to attempt to reconquer the Cape; but being no match 
for the Britifh fquadron, and being likewife caught be- 
tween two fires, without the poffibility of efcaping, the 
Dutch fleet, without firing a gun, was delivered up to 
the Britifh admiral. 

Notwithflanding the fuperiority of Great Britain by 
fea, the French, towards the clofe of this year, attempt. 
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ed an invafion of Ireland; but the plan was ill con- French 
certed, and, of courle, unfuccefsful. The whole con-Rev^'“tl0,11 

duft of it was intrufted to one man, General Hoche,. - ^— j 
and no fecond was prepared to occupy his place in cafe 187 
of any accident. The diiaffe&ed fatlion with whom Unfuccefs- 
the French meant to co-operate was not warned of[ul 

their approach, and the fleet was fent towards a quarter frcnch on 
of the country where the people were little diipoied, Ireland, 
or, at leafl, by no means prepared to receive them. 
Eighteen fhips of the line, thirteen frigates, twelve 
floops, and fume traiifports, having 25,0-0 land forces 
on hoard, were employed in this expedition. When 
about to fail, it was detained for fome time by a muti- 
ny which arofe in confequence of the enliftment of about 
1,200 galley flaves. The fleet failed on the 10th of 
December ; but a fhip of the line was loft in going out 
of B'"e(t, and fome of the reft were damaged. The 
frigate in which the commander in chief had embarked 
was feparated from the fleet in a gale of wind ; and the 
confequence was, that when the greater pait of the 
fleet arrived at Buntry Bay, on the weft coaft of Ire- 
land, nobody had inltruClions how to proceed. The 
troops and their officers wifhed to land, but the admi- 
ral, Bouvet, refufed to comply with their requeft. Fla- 
ving remained fevcral days upon the coaft, he (aihd for 
France, and arrived at Breti with a part of the fleet on 
the 31ft of December. General Hoche did not reach 
Bantry Bay till it was too late, and therefore could not 
land. The fleet fuffered great Ioffes in its return. One 
fhip of the line and two frigates foundered at fea, a fri- 
gate was taken by the Britifh, and a fhip of the line, 
after an engagement with two-Britifh fhips, was run 
afhore to prevent her being captured. 

At the commencement of the year 1797, the Arch- lV)7‘ 
duke Charles was ftill occupied in the reduction of 
Kehl, and of the French fortifications oppofite to Hu- 
ningen. Moreau ftill commanded the army that oppo- 
fed the Archduke ; but General Hoche, after his re- 
turn from the expedition to Ireland, was appointed to 
fucceed Jourdan on the Lower Rhine. Bonaparte was 
ftill entratred in the blockade of Mantua, while the Auf- 
trian government was making vaft efforts to recruit the 
army of Alvinzi after its defeat at Arcole, and to en- 
able that General t o make a late and defperate effort for 
the relief of Mantua. The young men of Vienna were 
urged to give their affiftance on this important occa- 
fion, and 6000 of them marched into Italy as volun- 
teers. Alvinzi’s army amounted now to nearly 50,000 
men; and he, commenced his operations on the 8th of 
January, by fkirmifhing along the whole of the French 
line from below Porto Legnago upwards, to La Co-ltr;ans< 
rona near the Lake Garda. He continued for fome 
days to alarm the French at all points, and thus to 
conceal the plan of his future efforts. On the 10th 
Bonaparte was flill at Bologna, on the other fide of 
Mantua, taking precautions againftthe efcapeof Wurm- 
fer by that quarter, whicji, from an intercepted letter, 
he had learned was in contemplation. Being now in- 
formed of the approach of the Auflrian army, he ha- 
flened to Mantua, and from thence to Verona, which 
was the centre of the line of his army that oppofed 
Alvinzi. He arrived at Verona on the morning of the 
12th ; but as the Auftrians continued to make their at- 
tacks upon all quarters at once, he was unable to pene- 
trate the defign of their leader. At laft, on the 13th, 

the 
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^ French the efforts of the Auftrians began to affume a more for- 
Acvomtum, mjjabje afpe<^. on t]ie lower part of his line near Porto 

1, ly - Legnago ; but on the evening of the fame day he re- 
ceived intelligence, that the upper extremity of his line, 
where Joubert commanded, had been attacked by fuch 
an immenfe fupeviority of numbers, that there could be 
no doubt that the greatell number of the Imperial 
troops was concentrated there. The poll of La Coro- 
na had even been forced, and Joubert compelled to 
withdraw to Rivoli, which he alfo abandoned. 

The Andrians dill perfilted in their unfortunate plan 
of dividing their army, that they might have two chan- 
ces of luccefs. 1 eu thoufand chofen troops, among 
whom w^ere the Vienna volunteers, were deftined under 
General Provera to penetrate to Mantua by Porto Leg- 
nago, at the lower extremity of the French line; while 
Alvinzi in perfon advanced with the mafs of the army 
againft Joubert at its other extremity. On the 13th 
all went well; Joubert was compelled to retreat; and 
he was fo fituated, that the eafy capture of his whole 
divilion on the following day appeared a very probable 
event. 

Bonaparte, in the mean time, having learned the 
Hate of affairs, left Verona in the evening of the 13th, 
having firft ordered the whole centre of his army under 
Maffena to follow him to the neighbourhood of Rivoli 
with all pofiible fpeed. Here he fpent the night with 
his officers in arranging the order of battle for next 
day, and in occupying proper politions. At day-break 
of the 14th the attack was begun by Joubert’s divifion, 
to the no fmall furprife of the Imperialifts, who were 
not aware of the arrival of Bonaparte with reinforce- 
ments. The battle, however, was long and obftinate. 
The fuperiority of numbers on the fide of the Audrians 
enabled them to defeat all the efforts of the French to 
turn their divinons. They at lad fucceeded in driving 
hack upon the centre the two wings of the French ar- 
my in confiderable diforder. Alvinzi now attacked the 
centre, which fcarcely maintained its pofition ; and the 
Audrian wings advancing on both lides, completely 
furrounded the French army. The victory feemed al- 
ready won ; and it is faid that Alvinzi difpatched a 
courier to Vienna to announce the approaching capture 
of Bonaparte and his army. Bonaparte indeed confi- 
dered his own fituation as very alarming ; and is faid to 
have meditated his efcape acrofs the Audrian right 
•wing. From the nature of his order of battle, his 
troops had rather been concentrated than fcattered by 
the repulfe they had received, and it was therefore dill 
in his power to make a defperate effort. Having form- 
ed three drong columns, he fent them againft the Au- 
ftrian right wing. They fucceeded in penetrating it 
at different points ; and it ded in fuch confufion, that 
having encountered a party of French that had not ar- 
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rived in time to join the body of the army, 4000 Auf- French 
trians laid down their arms in a panic, and furrendered Rsolution, 
themfelves prifoners of war. Night put an end to any I797* 
farther conted ; hut Bonaparte, conddering this quarter 
ot his line as no longer in danger, departed to oppofe Andarede. 
General Provera, leaving Joubert to profecute the vic-fe<4ted* 
tory now gained. This fervice he performed with great 
fuccefs. A detachment under General Murat having 
marched all the night of the 14th after the battle, 
feized Montebaldo in the rear of the pofition at Co- 
rona, to which a condderable divifion of the Audrians 
had retreated, while Joubert, next morning, attacked 
them in front. Finding themfelves furrounded, they 
foon fell into confufion. Six thoufand men were made 
prifoners, many were drowned in attempting to crofs 
the Adige, and the remainder ded to Tyrol. 

During this fanguinary conteft on the upper part of 
the Adige, General Provera had forced his paffage a- 
crofs the lower part of that river at Angiara near Porto 
Legnago, and compelled the French General Guieux 
to retire to Ronco. Augereau cclledled all the troops 
in the neighbourhood, and marched to attack Provera; 
but as he haftened towards Mantua, Augereau could 
only come up with his rear ; of which, after an engage- 
ment, he took 2000 prifoners. On the 1 ^th, however. 
General Provera arrived in the vicinity of Mantua. The 
city, which dands in a lake, was blockaded at the two 
points, by which it has accefs to the main-land called 
St George and La Favorite. Alvinzi was to have form- 
ed his junclion with Provera at the pod of St George. 
Receiving no intelligence of him, General Provera fum- 
moned the French commander here to furrender; and 
on his refufal, endeavoured to carry the pofition by af- 
fault. Having failed in this attempt, he turned his at- 
tention towards the pod of La Favorite, which he at- 
tacked on the morning of the 16th : while Wurmfer, 
who had perceived his arrival, advanced with the troops 
of the garrifon againd the fame point. But by this 
time Bonaparte had arrived with reinforcements. Ge- 
neral Wurmfe- was repulfed(B); and Provera being com- 
pletely furrounded by the French, was under the necef- 
fity of furrendering himfelf with his troops prifoners of 
war. The refult of all thefe battles at Rivoli and Man- 
tua was the capture of 23,000 prifoners and 60 pieces 
of cannon ; and thus four Imperial armies had peridied 
in Italy in the attempt to preferve Mantua. The cap- 
ture of this city, however, was now inevitable, in con- 
fequence of famine. It furrendered by capitulation onMamua 
the 2d of February. Bonoparte on this occafion en-furrenders.' 
deavoured to acquire the reputation of humanity. To 
allow the French emigrants in the garrifon to efcape, 
he confented to an article in the capitulation that Ge- 
neral Wurmfer fhould be allowed to feledl and carry- 
out of the garrifon 70O men, who were not to be exa- 
_______ mined 

(b) Marfhal Wurmfer had before this time begun to fiifpeft that his plans were betrayed to the enemy. When 
he refolved to make his laft fally to co-operate with Alvinzi, he kept his plan to himfelf; and in the morning of 
that day on which the army was to march out, he gave to each of the generals commanding the divifions (which 
we think were feven) his orders in a fealed packet. The troops marched at the hour fixed on, in fo many divi- 
Jions ; and they were inftantly attacked at all points by the enemy. Upon this the old General faid to a Britiflx 
officer of high rank, who was with him in the fortrefs, We are betrayed, make your efcape by any means that you 
can.^ This anecdote was communicated to us through a channel which leaves no doubt of its truth in our own 
minds ; but not being authorifed to give the names of our informers, we thought it not right to infert it in the 
text. Its truth or falfehood may be eafily afeertained. 
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French mined nor confidered as prifoners ; and the General 

Revo ution.himfelf was allowed to depart unconditionally. 
. 1797- t jn the meanwhile, the Pope, who of all the Euro- 

■291 pean princes had the beft reafon for difliking the French 
The Pope caufe, uncautioufly perfevered in hoftility, in the hope 
perfeveres feme one of the Imperial armies might fucceed in 

driving Bonaparte from Italy. Having recovered from 
the panic which induced him to folicit an armiftice 
when the French firil entered Lombardy, he had avoid- 
ed concluding a treaty of peace, and attempted to enter 
into a clofe alliance with the court of Vienna. He 
procured officers to be fent from thence to take the 
command of his troops, and flattered himfelf with the 
vain hope of being able to make an important diverflon 
in favour of the Imperial troops. 

As the Emperor and the French were both prepa- 
ring with all poffible fpeed to renew their bloody con- 
teft on the frontiers of Germany, it was of importance 
to Bonaparte to leave all Italy in peace on his rear. On 
the id of February he fent a divilion of his troops un- 
der General Viftor, along with what was called the 
Lombard Legion, confiding of Italians, to enter the ter- 
ritory of the Pope ; and upon the furrender of Mantua 
Bonaparte followed in perfon. The troops of his Ho- 
linefs made feeble refiftance. The new railed Lombard 
legion was made to try its valour againft them on the 
river Senis on the 2d. After ftorming their entrench- 
merits, it took their cannon and 1000 of themfelves pri- 

But is con- foners. Urbino, Ancona, and Loretto, fucceflively fell 
quered. an eafy prey to the French. From the chapel at Lo- 

retto the papal General Colli had carried mod of the 
treafure ; but the French dill found gold and filver ar- 
ticles worth 1,000,000 of livres, and the image of the 
virgin was conveyed as a curiofity to Paris. Bonaparte 
now proceeded through Macerata to Tolentino. He 
was here met by a mellenger from the Pope with offers 
of peace, and concluded a treaty with his Holinefs on 
the 19th. By this treaty the conditions of the armi- 
ilice were confirmed ; and in addition to the payments 
then dipulated, the Pope promifed to pay 15,000,000 
of livres, and to deliver 800 cavalry horfes, with as ma- 
ny draught horfes and oxen. He alfo engaged to pay 
300,000 livres to the family of the French envoy Baf- 
feville, who had been murdered at Rome, and to apo- 
logife by his minifter at Paris for that event. 

294 Tire French had been fo unfuccefsful in their late ir- 

^riorcc'd ^P*1"011 *nto Germany, through Swabia and Franconia, that they now refolved to make their principal effort 
from Italy under Bonaparte. For this purpofe, the 
Directory detached great bodies of the veteran troops 
that had fobght under Moreau as fecretly as polhble 
through Savoy into Italy. The court of Vienna, how- 
ever, was aware of the approaching danger, and gave 
the command on the fide of Italy to the Archduke 
Charles, who of all their military leaders had alone of 
late been fuccefsful againft the French. He brought 
along wu'th him his beft troops from the Rhine, and 
numerous levies were endeavoured to be made in all the 
hereditary ftates for his farther fupport. The war was 
now about to be carried into new territories, on which 
the houfe of Auftria had fcarcely hitherto beheld a foe. 
Ttwasneceffary that Bonaparte ftiould once more attempt 
to fcale the fummit of the Alps. This immenfe chain 
of mountains, which takes its rife in the vicinity of Tou- 
lon, at firft ftretches northward under the names of 

Piedmont and Savoy. It then runs towards the eaft, French 
forming the countries of Switzerland, Tyrol, Carinthia, Revolution, 
and Carniola. The three lall of thefe, palling along , 1 ~ii) ‘ , 
the head of the Adriatic, form the frontier in this quar- 
ter of the hereditary ftates of Auftria. Between the 
mountains and the fea lies the level and fertile traft of 
territory which belonged to Venice. It is crofted by 
many large ftreams, which are fed by the melting 
fnows of the Alps, and vvhofe nature is this, that they 
are greateft in fummer, and that their waters diminilh 
during the frofts of winter. ^ 

The council of war at Vienna now committed an im-Blunder or 
portant error in the plan of defence which it adopted, d16 Court 
Inftead of making a Hand in the defiles of the moun-VieD!ia’' 
tains, the Archduke was fent down into the plain to 
defend the palfages of the rivers. War is effentially an 
offenfive art. Whatever the general purpofe of hofti- 
lity may be, it is always coodufted with moft fuccefs 
when the detail of its operations is fo managed as to 
affume the form of enterprife and of vigorous attack. 
Thisarifes not from any thing in the nature of the art 
of war, but from the immutable conftitution of the hu- 
man charadter. The ftrength of men who are fixed 
without motion in a particular fpot, is fubdued by the 
deprefting pafiion of fear, and by the defpair of accom- 
pliihing any important objedl ; whereas, when urged to 
adfion and to enterprife, their Energy is increafed by 
hope, and by that prefumption of their own fuperiority 
which all men readily entertain. Hence we have fo few 
inftances in hiftory of nations fuccefsfully defended by 
rivers or extenlive fortified lines ; whereas mountainous 
countries have ufually fet bounds to the progrefs of ar- 
mies. In fuch lituations, the defending party can al- 
ways aft upon the offenfive. He finds his adverfaries 
divided, by their fituatfon, into fmall parties. He hopes 
to vanquilh them in detail, and he acquires ftrength and 
courage from the profpeft of fuccefs. 

While Bonaparte was advancing into the territory 
of the Pope, the Aultrian army was arranging itfelf 
along the eaftern bank of the Piava. The French 
were on the oppofite bank, and Bonaparte haftened to 
join them after he had concluded his treaty with the 
Pope. The beginning of March was fpent in prepa- 
rations ; but at laft the troops advanced, that the point 
of refirtance might be difeovered. Having crofted the pro 0r 
Piava on the 12th of March, the Auitrians retired, flrir-the French 
milhing for fome days till they had crofted the Taglia-ar,liy- 
mento, where they made a ftand with their whole force. 
Early on the 17th the French army arrived at Valva- 
fone, on the oppofite bank ; and after fome hefitation, 
refolved to force the paflage of the river. To have ac- 
complifhed this objeft very fpeedily would have been 
difficult, had not a recent froft diminiftied the ftream, 
by which means the French were enabled to crofs it in 
the face of the enemy in columns at various points. 
The army of Bonaparte was now in three divifions. 
Joubert, with the left wing, advanced along the courfe 
of the Adige into Tyrol, and was ordered to crofs over 
from thence, and to defeend along the valley of the ri- 
ver Drave, which is beyond the higheft chain of what 
the Romans called the None Nips. Maffena, with the 
centre, after crofting the fagliamento, advanced into 
the defiles of thefe mountains ; v/hile the right divifion, 
which was attended by Bonaparte in perfon, proceeded 
along the coatt of the Adriatic. 

After1 
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French After forcing the pafiage of the Tagtiamento on the 
Revolution, j^hj the French had ealily defeated the Auftfians 

on the oppohte bank, and compelled them everywhefe 
to retreat. The other r’vers were eafily pafltd; and 
on the 19th, the town ot Gradilca, on the river Li- 
fonzo, furrendered to the right wing of the army, and 
its garrilon, amounting to 4000 men, were made pri 
foners of war. On the 7 tit Goritz was entered by the 
fame divifion, who found there the principal Aultrian 
magazines and hofpitals. Triefte was entered on the 
23d ; and the French fent off in waggons, from the 
quickfilver mines of Ydria, materials worth 2,000,000 
of livres. In the mean time, the Auftrians, in their 
hafly retreat, entangled themlelves and their baggage 
among the mountains. On the 24th, a large body of 
them was hemmed in between Maffena, w’ho had reach- 
ed Tarvis, and a part of the French right wing under 
Guieux. Reinforcements, however, having found means 
to reach them from the Archduke’s head quarters at 
Clagenfurt, they hazarded an engagement on the follow- 
ing day, but were defeated, with the lofs of 5000 ta- 
ken prifoners, and 400 waggons loaded with baggage. 
The French left wing under Joubert, Baraguay D’Hil- 
liers, and Delmas, was equally fuccefsful. On the 
banks of the Lavis, after an obftinate engagement, 
4000 Auftrians were taken; and thereafter at Clauzen 
they wrere again defeated, with the lofs of 1500 taken 
prifoners. Having entered Crixen, this divifion turned 
eaftward, and defcended the valley of the Drave to- 
wards Clagenfurt, the capital of Carinthia, where it was 
met by General Maflena; the Archduke, after a flight 
conteft, having evacuated the place, and advanced far 
ther towards the capital of the empire, which was now 
ferioufly menaced, and in which great confternation 

Wonderful prevailed. In 15 days Bonaparte had taken 20,000 
fuccefs of prifoners, and croffed the Alps ; and though the coun- 
Bonaparte. try prefcnted feme difficulties, there was no forti- 

fied place capable of refitting his progrefs towards Vi- 
enna. He did not, however, confider his own fit option 
as deftitute of hazard, and feized the prefent moment 
of unbounded fuccefs to make propofals of peace. On 
the 31ft of March he fent a letter to the Archduke, in 
which he depricated the ufelefs prolongation of the 
war, and intreated him to interpofe his good offices to 
put a flop to its farther ravages. But this prince, who 
feetns to have doubted his own influence at the court of 
Vienna, returned a cold anfwer, ttating, that it belong- 
ed not to him to invefligate the principles on which the 
war was carried on, and that he had no powers to ne- 
gociate. 

•299 The Auftrian chiefs made a laft effort, by railing the 
Partial fuc-peafants of the Tyrol in a mafs to embarrafs the rear of 
ceffesof the the French. They accordingly gained fome fucceffes 

under General Laudohn, and drove out the French 
troops that had been left at Botzen and Brixtn. The 
inhabitants of the Venetian Hates alfo rofe againft the 
troops that retrained in their country ; and being join- 
ed by ten regimentsof Sclavonians, which had been in the 
pay of the government of Venice, they put the French 
to death wherever they were found, without excepting 
the fick in the^ hofpitals, of whom 500 were mafiacred 
at Verona. A party of Imperialifts alfo drove the 
French garrifon out of Triefte, and thus attempted to 
furround the invading army. Bonaparte, however. 
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knew that the court of Vienna mutt be at leaft as much Franc* 
embarraffed as himfelf. His army amounted to 95,000 Rev"Iut;ot„ 
men. It had hitherto proved irrefiftible; and the Auf- , 
tnans knew, that to furround was not to conquer it. 
tie therefore perfifted in advancing. On the 2d of 
April he fucceeded in forcing the ttrong defiles be- 
tween Freifach and New^mark, after a bloody battle, in 
which he took 600 prifoners. On the 4th, his advan- 
ced guard reached Hunfmark, where the Auftrians 
were again defeated ; and his army occupied Kinten- 3a0 
feld, Murau, and Judenbourg. rl hefe advantages com- The Au- 
pelled the Auftrian cabinet to treat for pesec, as there !>rian cabi* 
w-as no longer any point at which the Archduke’s army ^ t^3i:* 
could hope to make a Hand till it came to the moun- luace* 
tains in the vicinity of Vienna. Meafures were taken 
for removing the public treafure and effects into Hun- 
gary, while Generals Bellegarde and Morveld were lent 
to requeft from Bonaparte a fufpenfion of hoftilities. 
On being fuffered to take pofleffion of Gratz and Leo- 
ben, within little more than 50 miles of Vienna, he 
confented, on the 7th of April, to an armiftice, which 
was only to endure till the night of the 13th, but was 
afterwards renewed for a longer period. It was fol- 
lowed on the 19th by a preliminary treaty, figned at 
Leoben ; by which it was agreed that the Auftrian Ne- 
therlands fhould belong to France, and that the new 
republic in Lombardy fhould continue under the name 
of the Cijalpine Republic, and ffiould include the Mila- 
nefe, the duchy of Mantua, and the territories of Mo- 
dena, Ferrar, and Bologna. There is reafon to fuf- 
pedl that fomething hoftile to the independence of Ve- 
nice was here alfo ftipulated. Bonaparte agreed to unjuft"1 

withdraw without delay into Italy, on receiving fub-and cruel 
fiftence for his army during its march ; and it was re-con(ludl: of 
folved, that all farther diiputes fhould be afterwards CoaaPartc- 
fettled by a definitive treaty of pjace. On his return 
he accufed the Venetian government of connivance at 
the infurredlion which had taken place againft the French 
in his abfence ; and having feized their city and whole 
territory, he diflblved that ancient and lingular, but 
now feeble, ariftocracy. 

While Bonaparte was advancing towards Vienna, the 
French armies on the Rhine had begun to prefs upon 
the Auftrians, to prevent farther reinforcements from 
being fent againft him from that quarter. The Au- 
ftrians offered an armiftice ; but as the French demand- 
ed the fortrefs of Ehrenbreitftein as the price of it, 
both parties prepared for adlion. The left wing of the 
army of General Hoche advanced rapidly from Duflel- 
dorf, while the centre and right wing croffed the Rhine 
near Coblentz. The Auftrians under General 
necht retreated to the Lahn, where they waited the ar-the French 
rival of the French. Here a violent conteft enfued on0n 

the 1 8th of April, in which 4000 Auftrians were ta-R^ilie’ 
ken prifoners. The French took pofleffion of Wetz- 
laer, and drove their antagonifts to the gates of Franc- 
fort. In the mean time, General Moreau, on the Up- 
per Rhine, forced the pafl’age of the river near Straf- 
burg, and attacked the village of Dierfheim, of which 
he at laft retained poffeffion, after having been more 
than once driven out, and the village nearly deltroyed. 
The following day, howevei;*- the Auftrians renewed the 
attack, and forced the French for fome time to give 
way j but powerful reinforcements having crofted the 

river. 

3°* 
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French river, the French were at laft enabled to renew the 
Revolution, kaftig wJth fuch vigour, that they took Fort Kehl, to 
. ' gether with 5000 priloners. The Imperialills in this 

quarter were now purfued towards the Danube ; when 
303 all_ military operations were fuddenly arrefted by mef- 

Peace cob- fengers fent through Germany by the Archduke Charles 
eluded. and Bonaparte, announcing that peace was concluded. 

'i. hefe meiTengers found the army of Hoche violently 
attacking Francfort on the Maine, which General Wer- 
necht was endeavouring to defend. The news was dif- 
fufed in an inflant through both armies; and the con- 
tending troops, throwing afide their weapons, congra- 
tulated each other upon the event. 

France now held a very elevated rank, and a formi- 
. dable chara&er, among the nations of Europe. Spain, t is peuo Italy, and Holland, were held in dependence ; while 

her victorious armies had cotnpelied the lait continen- 
tal member of the coalition to accept of peace from an 
army that approached his capital. Had the Auftriaw 
officers been faithful, and the court of Vienna lets fel- 
filh, fubfequent events have indeed (hewn that the affairs 
of the Emperor were not yet defparate, and that Bo- 
naparte was not that invincible hero which his rapid 
fucceffes gave fome reafon to luppofe him. After the 
perufal of his letters from Egypt, his vi&ories lofe 
much of their brilliancy ; nor does any adtion, or all 
the attions of his life, difplay fach military fkill, as the 
retreat of Moreau through Swabia, when preffed on the 
rear by a vidforious army, and furrounded on all hands 
by an incenfed populace. But Bonaparte had been 
fuccefsful ; the Archduke knew not whom to trull : 
there is reafon to believe that his plans were continual- 
ly thwarted by a corrupt council at home ; and the 
court of Vienna was bribed to make a peace. Of all 
the enemies of the trench revolution, Britain alone re- 
mained in hoftility. From her command of the ocean, 
flie was enabled indeed to retain the feeble Hate of Por- 
tugal, attached to her caufe; but on land, fuch was the 
terrible energy of France, that, with this exception, 
which feemed only to exilt by tolerance, the Britifh 
trading veflels were excluded, by her influence, from 
all approach to the continent, from the Elbe to the A- 
driatic ; and the Britifh government was once more in- 
duced, in thefe circumftances, to try the effedl of a new 
negociation. All thefe external advantages, however, 
were ipeedily loft by the trench nation ; and it feem- 
ed the unhappy deftiny of this people to be conftantly 
deprived of the fruits of all their fufferings, and their 
courage, by 'the turbulence of their domeftic fadlions, 
and the profligacy and unprincipled conduct of their 

306 rulers., _ 
Conteft be- A ferious conteft between the executive power and 
tween the the legiflature was now approaching. We already re- 
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feats in the Councils, a third of their predeceflbrs ha- French 
ving evacuated their feats by lot; and on the following &tVulu:;hjn> 
Bay, Barthelemi, the ambaffador to Switzerland, was 
chofen to fucceed Letourneur in the Directory. The 
election of the members of the new third had ahnoft 
entirely fallen upon men who were underftood to be 
hoftile to the Directory. Many Generals out of em- 
ployment were chofen ; fuch as Pichegru, Jourdau, and 
Willot, and many reprefentatives’of the families of the 
ancient nobility who had not emigrated (among whom 
was the Prince of Conti) were now eledled into the 
legislature. The moderate or oppofition party in the 
two Councils now poflefled a complete majority. Car- 
not and Barthelemi were underftood to be favourable 
to them in the Dire&ory ; the former having made his 
peace with them, and the latter being eftablifhed by 
themfelves. The effedl of this change in the ftate of 
the Councils ipeedily appeared in their adopting every 
meafure that could embarrals the Diredory, or caft 
odium upon the Mountain party, and alter the ftate of 
things which it had cftablifhtd. 

On the 141I1 of June, Gilbert Defmolieres brought 
forward a report from a committee upon the ftate of 
the finances ; in which he exhibited and reprobated in 
the ftrongeft terms the prodigality of the Diredory, 
and the profufion and rapacity of its agents. On the 
18th the fame committee propofed a new plan of fi- 
nance, the objed of which was to deprive the Direc- 
tory of any ffiare in the adminiftration of the public 
money. In the mean time, on the 17th of the fame 
month, Camille Jourdan had prefented a long report on 
the fubjed of religion ; in which he endeavoured to 
demonftrate the impropriety of prohibiting the public 
difplay of its ceremonies, and the injuftice of the perle- 
cution which its minifters had undergone for refilling 
to take oaths preferibed by the legiflature. This re- 
port was afterwards, 011 the 15th of July, followed up 
in the Council of Five Hundred, by a decree, repeal- 
ing all the laws againft refradory priefts, or which affi- 
milated them to emigrants. On the following day, an- 
other decree, requiring from them a declaration of fi- 
delity to the con dilution, could only be carried by a 
majority of 210 againft 204. A propofal was 

thofe men who had been the afibciates of Robefpierre ; 
and though deferted of late by fome of the more vio- 
lent fpirits, who were termed Jnarchijls, it was ftill 
confidered as the head of the Mountain party. By the 
vidory obtained over the fedions of Paris on the 5th 
of Odtober, all oppofition had been fet at defiance for 
a time ; but the nation at large had never been recon- 
ciled to thefe men. The period now arrived when a 
third of the legiflative body was to be changed. On 
the 19th of May, Letourneur went out of the Diredo- 
ry by lot. On the 20th, the new third took their 
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brought forward in the Council of hive Hundred by furesof the 
Emery, a new member, to repeal the laws which cou-Councils, 
fifeated the property of emigrants, and to allow their 
relations to fucceed to them as if they had died at the 
period of their emigration. Thofe who had fled into 
foreign countries from Toulon and other places, during 
the reign of terror, were alfo encouraged to return, and 
allowed to exped that their names would be crazed 
from the lift of emigrants. The condud of the Di- 
redory towards foreign powers was attacked on diffe- 
rent occafions; and Dumoullard propofed the appoint- 
ment of a committee to enquire into the external rela- 
tions .of the republic. This was a delicate fubjed ; as 
it involved the charader of the armies and their leaders 
and as it might fubvert the interefts of the Diredory 
with fome of their friends of the Mountain party. The 
Venetian republic, though a neutral ftate, had been 
overturned by Bonaparte on account of a popular in- 
furredion, for which the government apologifed. Little 
account had been given of the immenfe fums of money 
that had been levied in Italy. The armies in the pre- 
ceding year had entered Germany in the charader of 

3 H plunderers ; 
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French plunderers ; which had dlfgufted all thofe in that conn- fion of the army of General Hoche had advanced ^t"-Revolutjon 
Revolution. Jj. w}l0 |ia^ onc€ ^een friendly to their caufe, and m a few leagues of Pans ; whereas, by the conihtution, ^ » 

I797' lono-ed for their arrival. The Diretlory, at the fame the Dire&ory incurred the penalty ot ten years impn-^ 
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time, ir.ftead of eticooraging the progrefs of revolution, 
which the Jacobins eagerly defi.red, had fuddenly made 
peace with the German princes, upon receiving pecu- 
niary contributions, which were left to be exadted ac- 
cording to the ancient laws of the different ftates (whicli 
exempt the nobles and the clergy) and thus fell hea- 
vieft upon thofe very perfons who had cherifhed the 
new republican principles. 

The difeuffion of thefe fubjeas brought the majority 
of the Direaory and of the Councils into a ftate of 
complete hoftility. Both parties refolved to violate the 
conftitution, under the pretence of preferving it. The 
one wifhed to change the Diredory before the time 
preferibed by law, and the other to deprive of their 
feats a great number of the new legiflators eletded by 
the people. Barras was the moft obnoxious of the di- 
rectors ; and an attempt was made to deprive him of 
his office, upon the footing that he was lefs than 40 
-years 0f age. But his colleagues aflci ted that he was 
born in the year 1755 ; and as no proof to the con- 
trary could be brought, this abortive attempt ferved on- 
ly ft ill farther to irritate the contending parties, and 
they began to prepare for more effeftual meafures. 
Had not force been Iptedily ufed on the fide of the 
Directory, the Councils muft naturally have prevailed. 
The majority of the people confided in them. The 
national purfe was in their hands ; and they hoped to 
fubdue the Directory, as the conftituent ailembly had 
done the king, by avoiding to vote the neceffary Ap- 
plies. They could enaft what laws they pleafed. They 
had not indeed the command of the armies ; but to re- 
medy their weaknefs in this refpetf, General Pichegru, 
on the 20th of July, prefented a plan for reorganifrng 
the national guard, and placing it more at the difpofal 
of the Councils, by depriving the Dire&ory of the no- 
mination of the officers. 

In the mean time the Dire6Iory xvas by no means 
deftitute of adherents. 1 he refolutfons of the Councils 
in favour of the priefts, and the relations ot emigrants, 
looked fo like a defertion of former maxims, that many 
perions expe&ed an immediate counter-revolution. 1 he 
royalifts gained courage, and a multitude of journals or 
newfpapers, favourable to their caufe, began to be pub- 
hlhed. Emigrants obtained palfports, and battened to 

fonment if it authorifed troops to approach nearer to the 
refidence of the legiflative body than twelve leagues, 
without its own confent. An explanation of this event 
was immediately demanded. The Dire&ory denied that 
they had ordered the march, and aferibed it to a miftake 
of the officer by whom it was condu&ed. Their explana- 
tion was treated with contempt, and much angry debate 
took place in the Councils concerning it; the Dire&ory 
all the while condu&ing themfelves with much feeming 
moderation, and even fubmiffivenefs. In the mean time 
their antagonifts a&ed a very undecided part. They Diree- 
long hoped to gain Lareveillere Lepaux to their fide ;tory vi&o. 
in which cafe they would have had a majority in thenous* 
Dire&ory. This vain expe&ation rendered their con- 
du& indecilive. At length the majority of the Direc- 
tory procured an addrefs of adherence from the fuburb 
St Antoine, which in all the tempeftuous days of the 
revolution had been the rallying point of the Mountain 
party. Encouraged by this addrefs, they proceeded to 
immediate a&ion. General Augereau had been fent 
from Italy under pretence of prefenting fome Auftrian 
ftandards to the Dire&ory, and he was employed as 
their tool upon this occafion. They commanded the 
garrifon of Paris, and they had managed to bring over 
to their party the foldiers compofing the guard of the 
two councils. Before day-break, on the morning of the 
4th, Augereau furrounded the Thuilleries with a divi- 
iion of the troops. The guard of the Councils refufed 
to refill, and their commander, Kamel, Was taken pri- 
foner. Having entered the hall, he found Pichegru and 
other twelve of the chiefs of the oppofite party fitting 
in confaltation, and immediately fent them prifoners to 
the Temple. Some other obnoxious members of the 
Councils were alfo put under arrtll. The dire&or Car- 
not had made his efcape on the preceding evening, but 
Bart belt mi remained, and was imprifoned. 

All this was accomplifhed without noife, andia an in- 
llant. Many members of the Councils, when they came 
to the hall at the ufual hour were furprifed to find that 
feals were put upon the doors, and that they could not 
obtain admittance. They were invited, however, to go 
to the Surgeons Hall and the theatre of the Odeon, 
where they were told the Dire&ory had appointed the 
Councils to affemble. At thefe places, about forty of 

ParL in the'hope of being ftruck off the lift, upon al- the Council of Ancients, and double that nnmber of the 
iedtrintr that they fled to avoid prufeription during the other Council, aftembled about noon, and fent to de- 
nower of the jacobins. The effe& of all this was, that mand from the Direaory an account of the proceed- 
;he purchafers of national property, and thofe who had ings of the morning They received an anfwer, decta- 
become rich by the revolution, were alarmed. The ring, that what had been done was neceffary to the 
whole Mountain party, and all thofe who had been 
a&ive in oppofition to royalty, rallied round the Direc- 
tory. The armies, whofe chiefs found themfelves in- 
volved in fome of the accufations brought again ft that 
body, fent addreffes, in which they declared their refo- 
lution to fupport its power. The Councils declared 
thefe addreffes, which the Dire&ory had received from 
armed bodies, unconftitutional, and procured courrter- 
addreffes from different departments. At laft the par- 
tisans of the two contending powers began to diftin- 
guifh themfelves in Paris by their drefs, and every thing 
prefaged an approaching appeal to force. On the 20th 
of July the Councils received intelligence that a divi- 

falv rtioh of the Republic, and congratulating the Coun- ? J0 
cils their efcape from the machinations of royal-p^tended 
ifts. Being {till at a lofs how to a&, the Councilconfpirac*. 
of Five Hundred appointed a committee of four mem- 
bers (of whom Sieyes was one) to report upon the 
meafures to be adopted. On the following day Boullay 
de la Meurth prefented a report from this committee, 
in which he announced, that a vaft royalift confpiracy^ 
whofe centre was in the bofom of the Councils, had 
been formed to overturn the conftitution, but that it 
had been baffled by the wifdom and a&ivity of the Di- 
re&ory. The report concluded, by propofing the im- 
mediate tranfpartation of the confpiraiors without a 

trial 
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French trial. Accordingly, thefe degraded reprefentative bo- 
Revolucion.kies proceeded, after feme debate, on hearing the names 

T797’ ef the accufed perfons read over, to vote the tranfpor- 
u""""v tation to Guiana in South America, of fifty-three of 

their own members, and twelve other perfons, among 
whom were the dire&ors Carnot and Barthelemi. They 
annulled the ele&ions in forty-nine departments, repeal, 
ed the laws lately enabled in favour of the difaffedfed 
clergy and the relations of emigrants } and even fo far 
abolilhed the liberty of the prefs, as to put all periodical 
publications under the infpe&ion of the police for one 
year. New taxes were voted without hefitation, Fran- 
cis de Neufchauteau and Merlin were elefted to fill the 
vacancies in the Dire&ory, and affairs were endeavour- 
ed to be conduced in their ordinary train. 

All this while the city of Paris remained tranquil. 
That turbulent capital, which had made fo many fan- 
guinary efforts in favour of what it accounted the 
caufe of freedom, had been fo completely fubdued 
fince its unfortunate druggie on the 5th of Oftpber, 
that it now permitted the national reprefentation to 
be violated, and the mod obvious rules of practical 

311 liberty to be infringed, without an effort in their de- 
Employed fence. The Dire&ory, in the mean time, attempted 

k^Ctor t0 iuftify conduct to the nation at large, by pub- 
juftify theirh’fhing various documents intended to prove the exift- 
condud. ence of a royalid confpiracy. The mod remarkable of 

thefe was a paper, faid to be written by M.d’Antraigues, 
and found by Bonaparte at Venice; in which a detail 
was given of a correfpondence between General Piche- 
gru and the Prince of Condd in the year 1795. The 
correfpondence itfelf was alfo, at the fame time, faid to 
be found by General Moreau among papers taken by 
him at the late paffage of the Rhine. It dated, that 
Pichegru had offered to the Prince of Conde to crofs 
the Rhine with his army, and having joined the Au- 
ftrians under General Wurmfer, and the emigrants un- 
der the Prince of Conde, to return with the united ar- 
mies and march to Paris, where they were to re-edalifh 
royalty. The Prince i? faid to have refufed to accept 
of the offer, from jealoufy of the participation of the 
Audrians in the honour of the tranfa&ion. He there- 
fore infilled that it fhould be conduced without their 
aid ; but Pichegru thought th« attempt too hazardous in 
this form, and, being foon after removed from his com- 
mand, the project failed. At the time of its publication, 
the genuinenefs of this correfpondence, and alfo of the 
paper found by Bonaparte, was denied ; and nothing has 
appeared fince to induce an unprejudiced man to think 
otherwife at prefent. Moreau, who was certainly in- 
volved in this confpiracy, if real, has been intruded 
fince that period with the command of the armies of 
the republic; and though defeated by Marfhal Suwarrow, 
he is fo far from being now confidered as a royalid, 
that the revolutionary government feems inclined to in- 
trnd to his military /kill and fidelity its lad efforts for 
the continuance of its exidence. 

From the violation of the reprefentative government 
that has been now dated, it became obvious to fur- 
rounding nations, that France had paffed under the do- 
minion of a-fmall fa&ion at variance with the majority 
of the people. The Directory was all powerful. Its 

torC aJl"60" rnem^,er8> however, feem very foon to have become 
powerful by the elevated nature of their fituation, and to 

have adopted a notion that there was no project of am- 

bition or rapacity in which they might not venture to Fret>eH 
engage. During their conted with the Councils, they ®'ev^u,tl P* 
had protradled the negociations with Lord Malmefbury . . * 
at Lifle, and had fuffered thofe to relax which had been 
entered into between Bonaparte and the Imperial am- 
baffadors at Campo Formio near Udine, Great Bri- 
tain had offered to confent to peace, on condition of 
being allowed to retain the Dutch fettlement of the 
Cape of Good Hope, and the Spanifh ifland of Trini- 
dad, which had been taken in the month of February ’ 
this year. The Dire&ory now recalled their former 
negociators Letourneur and M&ret, and feat two others, 
Treilhard and Bonnier, in their dead ; who immediately 
demanded whether Lord Malrnefbury had full power 
to redore all the fettlements taken from France and her 
allies during the war ? Upon his Lordfhip’s declining 
to anfwer fuch a quedion, becaufe it implied an enquiry, 
not into his powers, which were in the ufual form, but 
into his inflruftions, which would preclude all negocia- 
tion, he was required to return home to procure more 
ample powers. The negociations with the Emperor, 
however, were now fpeedily brought to a conclufion. 
On the 17th of 0£lober, a definitive treaty was figned 311 
at Campo Formio. By it the Emperor gave up theTrcatyof 
Netherlands to France, the Milanefe to the Cifalpine 
republic, and his territories an the Brifgaw to the Duke r 

of Modena, as an indemnification for the lofs of his 
duchy in Italy. The Emperor alfo confented that the 
French fhould poffefs the Venetian iflands in the Levant 
of Corfu, Zante, Cephalonia, Santa Maura, Cerigo, and 
others. On the other hand, the French Republic coo- 
fented that the Emperor fhould polfefs in full fovereiga- 
ty the city of Venice, and its whole other territory, from 
the extremity of Dalmatia round the Adriatic as far 
as the Adige and the lake Garda. The Cifalpine Re- 
public was to poffefs the remaining territory of Venice 
in this quarter, along with the city and duchy of Man- 
tua, and the ecclefiadical dates of Ferrara and Bologna. 

Upon whatever principles the war might have hither- 
to been conduced, the terms of this treaty fufficiently 
demondrated to all Europe, that its leffer dates had n# 
better reafon to expert fecurity from tl*e houfe of Au- 
dria than from that of the new republic. This truth 
would have been dill more evident, had the articles of at 
convention, which was figned by thefe parties at the 
fame period at Campo Formio, been publifhed to the 
world. Fearing, however, to alarm too much the Ger- 
manic body, thefe articles were kept fecret, and the par- 
ties agreed to prevail with the German princes, at t 
congrefs to be opened at Radadt, to confent, in coo- 
fequence of an apparently fair negotiation, to what 
France and Audria had determined fhould take place. 
By the fecret convention or treaty now alluded to, it 
was dipulated, that the Rhine, including the fortrefs of 
Mentz, fhould be the boundary of the French Republic; 
that the princes, whofe territories were alienated by thi* 
agreement, fhould be indemnified by the fecularizatioa 
of church lands in Germany ; that the Stadtholder of 
Holland fhould be indemnified for the lofs of his edattfs 
in that country, by receiving German territory ; that 
the Emperor fhonld receive the Archbifhopric of Saltz* 
burg, and the part of the circle of Bavaria fituated be- 
tween that archbifhopric, the rivers Inn and Saltz, and 
the Tyrol; that the Imperial troops fhould immediate- 
ly withdraw to the confines of the hereditary dates be- 

3 H 2 ydnd 
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Revolution. peace on tju. above termS} ft was ftipulated, that the 
Emperor (houid fupply to it no more troops than his 
contingent as a co-eitate amounted to, and that even 
thefe ihould not be employed in any fortified place. 

Thefe treaties were immediately begun to be put in 
execution. The Auftrians left the Rhine, which ena- 
bled the French to furround the tortreffes of Mentz 
and Ehreubreitftein. Of the former, they fpeedily ob- 
tained poflefiion ; but the latter coft. them a very tedi- 
ous blockade, before the garrifon, confiding of troops 
of the Palatinate, would agree to furrender. The Im- 
perial troops, at the fame time, entered Venice ; the 
French having evacuated that city after carrying off or 
deftroying its whole navy. The Cilalpine Republic 
was eftablifhed, and Bonaparte left Italy ; leaving, how- 
ever, an army of 25,000 men to garrifon Mantua, 
Brefcia, Milan, and other places, and to retain this new 
republic in dependence upon France, Genoa was, at 
the fame time, brought under a fimilar dependence by 
means of popular commotion, inftigated by the French, 
and a revolution in its government which took place at- 
this period. And thus the French Directory, without 
the excufe of hoftility, as in the cafes of Holland and 
Spain, began a fyftem of interference in the affairs of 
weaker neighbouring ftates, which was fpeedily carried 
to an height that once more alarmed all Europe. Thefe 
men even attempted, at this time, to compel the Hates 
of North America to purchafe with money their for- 
bearance from war. This was done through a circui- 
tous channel, and in the form of an intrigue, by private 
perfons, who were inftru&ed to inform the American 
minifters at Paris, that a large loan on the part of 
America would be the bell means of fecuring peace; and 
it was hinted, that it would be rendered more acceptable 
if accompanied with a private prefent of L. 50,000 
Iterling to the members of the Directory. This laft 
propofal was indeed denied by the French miniffer 
Tallyrand, who had given his countenance to this 
crooked negociation : but the general imprefiion produ- 
ced by the tranfa&ions could not be removed ; and its 
effeft was to injure very deeply the chara&er of the 
French government in the opinion of thofe diffant na- 
tions that were otherwife difpofed to regard it in the 
moll favourable light. Nor was its relpe&ability in- 
creafed by a law which the two Councils, at the delire 
of the Dire&ory, thought fit to enadt, declaring the 
IhipS of all neutral Hates bound for Britain, or return- 
ing from thence, liable to capture. This law was not 
Ids impolitic than unjult. It placed the whole carry- 
ing trade of the weffern world in the hands of the Bri- 
tilh, and thus enriched the very people whom it was in- 
tended to injure. 

For at this period Britain had acquired over the 
ocean a degree of uncontrouled dominion that was al- 

Invafion of together unexampled in former times. During the whole 
year the French fleet lay blockaded in its owns ports, 
and no enterprife was attempted by fea, excepting in 
one folitary but Angular inltance. We have already 
mentioned that a number of galley Haves were fent as. 
foldiers with Hoche in his attempt upon Ireland. On 
the failure of that expedition, the Directory were at a 
lofs how to difpofe of thefe men. They could not now 
with prbpriety be fent back to puniftiment, the troops 
would not ferve along with them in the army ; and as the 
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body fhould refufe new laws of France allow no remiflion of crimes, they French 

could not receive a pardon, nor was it fafe to let loofe RevoJut»on, 
upon the country 14CO criminals. In this dilemma, the 
Diredlory refolved to throw them into England. Ac- 
cordingly, they were fent in two frigates and fome fmall 
veffels to the coall of Wales, and there landed with 
mufkets and ammunition, but without artillery. In the 
evening of the very day on which they landed, the 2^d 
of February, they furrendered themfelves prifoners "of 
war to a party of militia, yeomanry, cavalry, colliers, and 
others, under thecommand of Lord Cawdor. TheDirec- 
tory boaffed that, by this enterprife, they had demon- 
ffrated the poflibility of landing troops on the Britifh 
coaff in fpite of the vigilance of the navy ; but this af- 
fertion was ill fupported by the fate of the two frigates 
accompanying the expedition ; both were captured in 
attempted to return to Breff. ^ 

Though the French navy remained in port, and con-Brilliant 
fequently fafe during the reff of the year, their allies, viia;°ry of 
the Spaniards and Dutch, fuffered feverely. On the^irJohn 

14th of February, a Britifh fleet of 15 fail of the line,^^*”^ 
-under the command of Sir John Jervis, engaged the fleet, 
Spanilh fleet, amounting to 27 fail of the line, off Cape 
St Vincent. In this aftion, the Spanifh force, if it be 
eflimated by the number of men, the number of guns, 
and the weight of metal, was more than double that of 
the Britifh ; but by the ikilful manoeuvres of its heroic 
commander, the Britifh fleet twice croffed through the 
line of the Spaniards, and fucceeded in cutting off a part 
of their fleet from the reft. Four fhips of the line were 
taken, and the Spanifh admiral’s own fhip efcaped with 
difficulty. The fleet had been on its way to Breff to 
join the French fleet there ; but in confequence of this 
a6lion, it returned to Cadiz, where it was blockaded by 
the Britifh. 

For his gallant conduft in this engagement, which, 
when every circumffance is taken into confideration, is 
perhaps unparalleled in the annals of naval war, Sir 
John Jervis was immediately created Earl St Vincent, 
and received the thanks of both houfes of the Britifh 
Parliament. 

The Dutch were Hill more unfortunate. The Texel, And of Ad- 
within which their fleet lay, was blockaded during thenural Dun- 
whole fummer by Admiral Duncan. The French in-can over 

tended, by means of the Dutch fleet, to make another^ Dutch* 
attempt upon Ireland. Troops were accordingly em- 
barked, under the command of General Daendels ; but 
a refolution having at laff been adopted of hazarding 
an engagement with the Britifh, the Dutch admiral 
De Winter, in oppofition to his own remonffrances, 
was ordered to put to fea. The Britifh admiral had 
by this time left his ffation near the Texel, and gone 
to Yarmouth to refit. On receiving intelligence, how- 
ever, that the Dutch had failed, he inffantly proceeded 
in queit of them. On the 1 ith of O&ober the Britifh 
fleet, amounting to 16 fail of the line and 3 frigates, 
came in fight of the Dutch fleet, which in force was ’" 
nearly equal, within about nine miles of C.amperdown 
in Holland. Admiral Duncan immediately run his 
fleet through the Dutch line, and, though on a lee 
fhore, began the engagement between them and their 
own coaff. A moft bloody and obflinate conflict en« 
fued, which lafted nearly three hours. By that time, 
it is faid that almoft the whole Dutch fleet had ftruck. 
The ffups could not all be approached and feized, how- 

evei-j. 
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French ever, on account of the fliallownefs of the water upon 
Revolution,coaft, to which the fleets were now very near. 
. I71>S' Eight fhips of the line, with two of 56 guns, and one 

of 44, were taken, betides a frigate, which was after- 
wards loll near the Britilh coaft, and one of the fliips 
of 56 guns foundered at fea. Admiral de Winter was 
taken with his fhip, and alfo the Vice-admiral Rentjies. 

Similar honours were conferred upon Admiral Dun- 
can as upon Sir John Jervis, and both admirals had 
each a penfion of E.2000 per annum conferred upon 
him for life, with the full approbation, we may venture 
to fay, of every well affe&ed man in >the kingdom. 

1798. The internal hitlory of France now ceafed to be very 
interefting. Political freedom could not be laid to 

317 exill after fo many of the reprtfentatives chofen by the 
Decline of people had been driven from the legiflature, and the de- 
public fpi- partments reduced to the neceffity of eledting men more 

acceptable to their prefent rulers. Public fpirit there- 
fore rapidly declined. The high notions of the free- 
dom and felicity it was about to enjoy, which had once 
been fo eagerly cherifhed by a great part of the nation, 
now gave way to a growing indifference about political 
queftions, and the future deftiny of the republic ; for 
the people at large found themfelves little intercfled in 
a government which exiAed independent of their will, 
which confiAed of a narrow circle of perfons, and whofe 
conduct was furely not lefs crooked, intriguing, and 
unprincipled, than that of the ancient royalty, and its 
attending court, from which they had efcaped; whilA 
its ferocious cruelty, and total difregard even of the 
forms of juAice, were infinitely greater. But though 
the Diredfory was all-powerful, yet its power was li- 
mited by the p^efent Aate of things, which denied it 
the pofleflion of an abundant revenue. It had not yet 
been found poflible to re-efiablifh a fyfiem of produc- 
tive taxation. The legiflative councils, indeed, who 
now complied with every wifli of the Directory, voted 
abundance of taxes ; but thefe were fcantily paid ; part- 
ly on account of the total lofs of the national com- 
merce, and partly becaufe the people were not difpofed to 
make great exertions in this way for the fupport of go- 
vernment. By the conAitution, they Aill poffeffed the 
eleftion of the judges and other magiArates ^ the coun- 
try was filled with veteran foldiers, who at different 

3ig times had returned from the armies after the lapfe of 
Meafure of the ufual period of fervice. The Directory, kept in 
the Direc- awe by thefe circumAances, turned its attention abroad, 
tory* and found means to eAablilh an extenfive patronage, by 

dividing among its adherents the plunder of neighbour- 
ing Aates, in whofe welfare the people of France were 
little intereAed. The GirondiA party had formerly 
propofed to propagate their principles by eAablifliing 
a number of petty republics in the vicinity of France. 
The Directory now adopted the fame projedl ; that, 
under the pretence of diffufing liberty, they might ob- 
tain new fources of revenue and of power, by the do- 
minion which they meant to exercife over thefe new 
governments. Holland and the Cifalpine republic were 
already placed in dependence upon them; and Rome and 
Switzerland readily afforded them opportunities for ex- 

319 tending their plan. 
Embaffy to After the treaty with the Emperor had been conclu- 
Rome. at Camp0 Formio, Jofeph Bonaparte, brother of 

the General, had entered Rome as amballador from the 
French Republic. The Tope, how deprived of all hope 

of foreign aid, and accuffomed to humiliations, had fub- French 
mitted to every demand made by him for reducing the Revo!ufion» 
number of his troops, and fetting at liberty perfons im- , I?9S' . 
prifoned on account of political opinions. But an event 
loon occurred to afford the Directory a pretence forlnfurrec- 
accompbfliing the ruin of this decayed government. tion 

On the 26th of December 1797, three perfons had0'1^* 
waited upon the French ambaffador, and folicited the 
protection of his government to a revolution which a 
party at Rome meant to accomplifii. He rejected their 
propofals, and diffauded them from the attempt; but did 
not, as was certainly his duty, communicate thefe pro- 
poials to the papal government, to which he was fent 
mi a friendly embaffy. On the following day, how- 
tv ei, a tumult took place, in which the French cockade 
was worn by about too infurgents. They were fpee- 
dily ddpeded, but two of the Pope’s dragoons were 
killed. 1 fie ambaflador, who probably knew the dif- 
polition of the DireCfory towards the Pope, feems to 
have reiolved that his own perfonal condudl ffiould be 
blameleis on the occafion. He therefore went on the 
2btn of December to the fecretary of Aate, and pre- 
fented a liA of the perfons under his protedlion who 
weie entitled to wear the French cockade, confenting 
that all others adopting it Aiould be punifhed. He al- 
fo agreed to furrender fix of the infurgents who had ta- 
ken refuge in his palace. I ovvards the evening of this 
day, however, the popular tumult became more ferious, 
particularly in the courts and neighbourhood of the 
French miniAer’s palace. The Pope appears to have 
been perfonally unacquainted with the Aate of affairs; 
but the governor of the city fent parties of cavalry and 
infantry to difperfe the infurgents. About twenty per- 
fons, having a Frenchman at their head, had, in the 
mean time, ruffled into the palace, and demanded aid 
towards accomplifhing a revolution. A number of 
French officers, and others who were with the ambaf- 
fadoi, propofed to drive the whole infurgents by force 
fiom the jurifdiflion of the palace. This was certainly 
a falutary advice, and fuch as could not have been re- 
jefted by the ambaffador, had not his defigns been hof- 
tile to the effabhdied government. Rejected, however, 
it was; for, pretending to believe that his authority, 
would be lufficient to accompliffi the objeft in a peace- 
able manner, he went out into the court to addrefs the 
multitude. He was prevented from doing fo by a dif- 
charge of mufquetry from the military, who were firing 
within the jurifdidlion of the palace. Pie interpofed 
with his friends between the military and the infur- 
gents; and while a part of the French officers in his 
train drove back the infurgents with their fabres, the 
ambaffador advanced towards the foldiers, and demand- 
ed why they prefumed to violate his jurifdi&ion ? as if 
the jurifdi&ion of a foreign ambaffador were a legal afy- 
lum for men 111 open rebellion againA the government 
of the Aate. It is not, therefore, furprifing, that no 
attention was paid to this arrogant and ubfurd demand ; 
and the nature of the ground being fuch, that the 
troops could fire over his head upon the multitude in 
the rear, they made a fecond difeharge, which killed 
feveral of the infurgents. Upon this the ambaffador 
advanced clofe upon the foldiers, to prevail with them 
to depart ; but they remained in a menacing attitude, 
and prepared for another difeharge. Eager to prevent, 
this, the French General Duphot, who was with the - " 

ambaE- 
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atnbaffador, and was next day to have married his lifter, 
'rulhed into the ranks of the military, intreating them 
to defift. Here a petty officer of the Pope’s troops 
difeharged his mulket into the body of Huphot. Upon 
this, the ambaflador and his other friends found it rte- 
ceffary to make their efcape through a bye-way into the 
palace. The Spanifh minifter hearing of this event, fent 
to the fecretary of ftate to proteft againft this violation 
of the privileges of ambaftadors. But the government, 
equally alafmed and perplexed by the fear of a revolu- 
tion, and of French vengeance, remained during many 
hours totally ina&ive. All this while the palace of the 
French ambaflador remained clofely befet by the mili- 
tary, who occupied the whole of its jurifdi&ion, and all 
its courts and palfages. He at laft fent to demand 
paflporfs, to enable him to leave the territories of the 
Pope. They were granted ; but with many protefta- 
tions of the innocence of the government, and its re- 
gret on account of this unfortunate occurrence. 

Jofeph Bonaparte retired to Florence, and from thence 
to Paris. The Pope folicited the prote&ion of the courts 
of Vienna, Naples, Tufcany, and Spain ; but they all 
flood aloof from his misfortunes: and this government, 
which had once poffefled the moft uncontrouled domi- 
nion over the minds of men, now fell without a ftruggle. 
General Berthier, at the head of a body of French and 
Cifalpine troops, encountered no oppofition in his march 
to Rome, where he overturned the government of the 
Pope, and proclaimed the fovereignty of the Roman 
people, with circumftances of wanton infult ; which 
convey a linking example of French humanity and 
French delicacy. 

“ That the head of the church might be made to 

feel with more poignancy his humiliating fituation, the French 
day chofen for planting the tree of liberty on the Ca- Re*0hm®«, 
pitol was the anniverfary of his eleftion to the fove- . ^ j 
reignty. Whilft he was, according to cuitom, in the 
Siftirte chapel celebrating his acceffion to the papal chair, 
and receiving the congratulations of the cardinals, Citi- 
£en Plaller, the commiffioner-general, and Cervoni, wh<* 
then commanded the French troops within the city, gra- 
tified themfelves in a peculiar triumph over this unfor- 
tunate potentate. During that ceremony they both 
entered the chapel, and Haller announced to the fove- 
reign Pontiff on his throne, that his reign was at an 
end. 343 

“ The poor old man feemed (hocked at the abrupt- Cruel treat, 
nefs of this unexpefted notice, but foon recovered him- nientof the 
felf with becoming fortitude ; and when General Cer- pc' 
voni, adding ridicule to oppreffion, prefented him the 
national cockade, he rejedled it with a dignity that 
(hewed he was ftill fupenor to his misfortunes. At the 
fame time that his Holinefs received this notice of the 
diffolution of his power, his Swifs guards were difmif- 
fed, and republican foldiers put in their place.” 

He was himfelf removed to the territory of Tufcany, 
where he refided In much obfeurity, till hi* enemies, 
driven from Rome in their turn, thought fit to carry 
him ftill farther from his capital, to end his days be- 
yond the Alps. ^44 

In the mean time, the Roman ftates were converted Roman rc„ 
into a republic after the French model; excepting that public, 
the ancient appellations of confuls, fenators, and tribunes, 
were adopted, inftead of the new names of a Diredory 
and two Councils (v). But this oftentatious grant of 
freedom was rendered completely illufory, by a condi- 

tion 

f d) The charaaer of a nation, like that of an individual, will not perhaps admit of a fudden and total change. 
This remark is exemplified in the French ; who, even when they affeft to affume the ftern manners of Republi- 
cans, cannot diveft themfelves of their frivolous and fantaflical turn, and of that fondnefs for pomp and (how by 
which they7 were always diftinguiftied. 1 he following account of the re-eftabh(hment of the Roman Republic, 
by an author of refpeftability who witneffed the folemn farce, will amply confirm the truth of our affertion. 

« That the regenerated Roman people might be conftitutionally confirmed in their newly-acquired rights, a 
day was fet apart folemnly to renounce their old government, and fwear fidelity to the new. For the celebra- 
tion of this folemnity, which took place on the 20th of March, an altar was ere&ed, in the middle of the piazza 
of St Peter’s, with three ftatues upon it, reprefenting the French, Cifalpine, and Roman Republics. Behind 
the altar was a large tent, covered and decorated with filk of the Roman colours, furmounted with a red cap, to 
receive the deputies from the departments who had been fummoned to affift. Before the altar was placed an 
open orcheftra, filled with the fame band that had before been employed to celebrate the funeral honours of Du- 
phot. At the foot of the bridge of St Angelo, in the piazza di Ponte, was ereded a triumphal arch, upon the 
n-eneral defign of that of Conflantine, in the Campo Vacino, on the top of which was alfo placed three coloffal 
figures reprefenting the three republics. As a fubftitute for bas-reliefs, it was painted in compartments in 
chiarafeura, reprefenting the moft diftinguiffied aftions of Bonaparte in Italy. Before this arch was another 

«< The ceremony in the piazza began by the marching in of the Roman legion, which was drawn up clofe to 
the colonnade, forming a femicircular line ; then came French infantry, and then cavalry, one regiment after 
another alternately, drawn up in feparate detachments round the piazza. When all was thus in order, the con- 
fuls made their entrance, on foot, from the Vatican palace, where they had robed themfelves, preceded by a 
company of national troops and a band of mufic ; and if the weather had permitted, a proceffion of citizens, fe- 
le&ed and dreffed in gala for the occafion, from the age of five years to fifty, were to have walked two and two 
carrying olive branches; but an exccffively heavy rain prevented this part of the ceremony. 

“ Before the high altar, on which were placed the ftatues, there was another fmaller one with fire upon it. 
Over this fire the confuls, ftretching out their hands, fwore eternal hatred to monarchies, and fidelity to the re- 
public ; and at the conclufion, one of them committed to the flames a fcroll of paper he held in his hand, con- 
taining a reprefentation of all the infignia of royalty, as a crown, a feeptre, a tiara, &c.; after which the trench 
troops fired a round of mulketry ; and, at a fignal given, the Roman legion raifed their hats in the air upon the 
points of their bayonets, as a demonftration of attachment to the new government: but there was no moating—~ 
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french tion annexed to it, that for ten years the French Gene- 
Revolution, raj fhould pofTefs a negative upon all laws and public 

179^* a£ts» At firft, however, the conquerors took care to 
'l' * place the government in the hands of the mod relpeft- 

able perfons in the date favourable to democracy. But 
thefe men finding that they were merely to be employ- 
ed as tools to plunder their fellow-citizens, for the emo- 
lument of their northern maders, foon renounced their 
odious dignities, and were fucceeded by men of more 
compliant charafters, and lefs fcrupulous integrity. 
The whole public property was feized by the invaders, 
and contributions were levied without end. The pro- 
perty of the cardinals and others who fled was confif- 
cated, and thofe members of the facred college who re- 
mained were thrown into prifons, from which they 
could only efcape by purchasing their freedom at a high 
price. 

When this was done, and Generals and Commidaries 
had glutted themfelves with wealth, quarrelled about a 
jujl divifion of the fpoil, mutinied, and dilperfed, other 
unpaid, unclothed, unprovifioned armies from the north, 
with new appointments, fucceeded; and when at length, 
even by thefe conjlitutional means, nothing more was to 
be obtained, and artifice had exhaufted every refource, 
the mafic was put under the feet that had been long 
held in the hand ; liberty was declared dangerous to 
the fafety of the republic, the conftituted authorities in- 

6 3afded capable of managing the affairs of the itate, and milt- 
hy^milVarytary law the only rational expedient to fupply their 
iefpotim. place. Thus at once the mockery of confular dignity 

was put an end to, the fenators fent home to take care 
of their families, and the tribunes to blend with the peo- 
ple whom they before reprefented. This new and pre- 
ferable fyftem began its operations with nothing lefs 
important for the general welfare, than feizing the 
whole annual revenue of every eftate produtfive of more 
than ten thoufand crowns ; two-thirds of every eftate 
that produced more than five, but lefs than ten ; and 
one-half of every inferior annual income. 

Fven the degenerated Ramans could not have fub- 
mitted to all this, or at leaft would not have affifted in 
•forging their own chains, had not the fame means been 
■employed to eradicate from their minds every moral and 
religious principle, which had been formerly employed 
for the fame purpofe in Paris. In order that the fpirit 
of equality might be more exteuiively difhdcd, a con- 

ftitutional democratic club was inftifuted, and fieltf m French 
the hall of the Duke d’Altemp’s palace, plere the Rc^olu

g
tlon* 

new-born fons of freedom harangued each other on the , j 
bleflings of emancipation ; talked loudly and boldly a- 336 
gain ft all conftituted authority ; and even their own Methods 
confuls, when hardly inverted with their robes, became emPI yecl 

the fubje&s of cenfure and abufe. The Englifii were 
held as particularly odious, and a conftant theme of im-ylUth. 
precation ; and this farce was fo ridiculoufly carried on, 
that a twopenny fubfcription was fet on foot to reduce 
what they were pleafed to call the proud Carthage of 
the North. 

If this foolifii fociety had had no other objeft in 
view than fpouting for each other’s amufement, bow- 
ing to and killing a buft of Brutus which was placed 
before the roftrum (a ceremony conftantly pra&ifed be- 
fore the evening’s debate), it would have been of little 
confcquence to any but the idle, who preferred that 
mode of fpending their time ; but it had other obje&s 
of a very different tendency, more baneful, and more 
deftrufiive to the peace and morals of fociety—that of 
intoxicating young minds with heterogeneous pinciples 
they could not underftand, in order to fuperfede the 
firft laws of nature in all the focial duties ; for there 
were not wanting men who knew how to dire<ft the 
folly and enthufiafm of thofe who did not know how 
to direA themfelves. Here they were taught, that 
their duty to the Republic ought ever to be paramount 
to every other obligation ; that the illuftrious Brutus, 
whofe buft they had before them, and whofie patriotic 
virtue and jtiftice ought never to be loft fight of, fur- 
nilhed them with the ftrongeft and moft heroic example 
of the fubordination of the deareft ties of humanity to 
the public good; and that, however dear parental af- 
fection might be, yet, when put in competition with 
the general welfare of fociety, there ought not to be a 
moment’s hefitation which was to be preferred. 

This fort of reafoning might perhaps have done no 
harm to the fpeculaiivc clofet metaphyfician, who 
might have had neither father, nor mother, nor brother, 
nor filler, nor a chance of ever being thrown in the way 
to reduce his theory to praCtice ; but with a people 
who knew of no other ties but fuch as depended on 
their religion and their natural feelings, without having 
been previoully educated to diferiminate, how far their 
reafon might be deluded by fophiftry, or upon what 

caufe* 

nd voluntary ftgns of approbation ; nor do I believe that there ever was a fiiow, in wlvich the people were in- 
tended to aft fo principal a part, where fo decided a tacit difapprohation was given as on this occafion. 

cc ceremony was concluded, the French officers, with the coniuls and deputies irom the departments, 
dined together in the papal palace on Monte Cavallo, and in the evening gave a magnificent ball to the exnobles 
»nd others, their partizans, which was numeroully attended, yet with an exception to the houfes Borghefe, Santa- 
eroce, Altemp, and Cefatini: I believe not one diftinguilhed family was prefent from defire or inclination ; but 
it was now no longer time to accumulate additional caufes for oppreffion : and he who hoped to fave a lemnaut 
of his property, avoided giving occafion for perfonal refentment. At night the dome of f>t Peter s was illumina? 
ted, with the fame fplendour as was cuftomary on the anniverfary of St Peter s day. This was the fecond time 
of its illumination fince the arrival of the French, having been before difplayed on the evening of the folemn 
fete to honour the manes of Duphot, which, though not quite fo opportune, was done to gratify the officers 
that were to leave Rome on the morrow. 

« The day after this federation, the French publifhed the Roman conftitution in form, which was only a re- 
petition of the one given to the unfortunate Venetians, confifting of 372 articles, and which I think unnecefl>ry 
to tranferibe, as it would only be giving wbat we have already had fiom time to time in tranilations made from 
their own.” Duppa’s Journal of the mojl remarkable occur rentes that took place in Rome, upon the Sabverfiou of 
Ecclcfiaftical Government in 179$. 
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caiues the permanent good of focicty depended, it had 
’the molt direft tendency to generate the word paflions, 
and to annihilate the bed. 

Young men were thus initiated to lofe all refpeft for 
tlieir patents and relations, and even encouraged to 
lodge information againd them, with the hopeful prof- 
peei of being confidered as deferving well, of what they 
were pleafed to denominate, the republic ; and by thus 
weakening or dedroying the bonds of a deft ion, the way 
was made fmooth and eafy to the dedrudlion of every 
thing like what, in a date'of civilization, is called cha- 
racter ; doubtlefs, in order to prepare them the better 
to become the faithful agents of thofe whom they were 
thus educated to ferve. 

Fite molt remarkable curiofities of this celebrated 
city had already been conveyed to Paris ; and as na- 
tional vanity had now given place to avarice in the 
minds of the Directory, the remaining monuments of 
ancient or of modern art, with which Rome abounded, 
were fold by public audlion. Advertifements (e) were 
fent through Europe, offering padports to the natives 
of countries at war with France, if they fhould widi to 
become purchafers ; and thus the wealthier inhabitants 
of the Roman territory not only faw themfelves fubject- 
ed to fevere exaftions, but they beheld with cruel mor- 
tification thofe objects now given up as a prey to vul- 
gar fpeculation, and difperfed over the world, which 
had fo long rendered their city the refort of all na- 
tions. 

Such was the progrefiive conduct of the Great Na- 
tion towards an injured and oppreded people, whole 
happinefs and dearelt intereds were its fird care, and 
to whom freedom and liberty had been redored, that 
they might know how to appreciate the virtue of their 
benefadtors, and the inedimable blelfings of indepen- 
dence. 

. More fanguinary fcenes were, in the meanwhile, ta- 
king place in Switzerland. That country had remain- 

-ed neutral during the conted in which France had late- 
ly been engaged ; and had thus prote&ed the weakelt 
portion of her frontier, while the red of it was a Hailed 
by the combined forces of Europe. The merit of this 
fervice was now forgotten, and the Direftory reiolved 
to render Switzerland one of their tributary dates. 
Ambitious nations have in all ages found it an ealy 
matter to devife apologies for invading the territory of 
their neighbours. The wealthier branches of the Swifs 
confederacy were in general governed by hereditary ari- 
docracits. Some of the cantons had no government 
within themfelves, but were the fubje&s of neighbour- 
ing cantons. In confequence of this circumdance, and 
of the contending privileges of different orders of men, 
popular inlurreftions were more frequent in Switzerland 
than in auy country in Europe, though none was more 
equitably governed. When an infurre&ion took place 
in one canton, its government was frequently under the 
neceflity of foliciting the aid of the government of an 
adjoining canton, or even of the neighbouring monarchs 
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of France or Sardinia, to enable it to fubdue its own French 
rebellious fubjeds. A dangerous precedent was thusRevtrution, 
edablilhed ; and as the French kings had formerly in- '798. 
terfered in favour of the rulers, the republican Direc- 
tory now interfered in favour of the tubie&s. The can- 
ton of Berne was fovereign of the territory called the 
I ays de Naud. In this didncd difqontents had always 
exided ; and an in furred ion, under the countenance of 
the French Diredory, broke out towards the end of 
the year i 797. The government of Berne faw the dan- 
gerous nature of its own fituation ; and on the jtb of 
January iffued a proclamation, commanding the inhabi- 
tante of the Pays de Vaud to affemble in arms, to re- 
new their oath of allegiance, and to reform every abufe 
that might appear to exid in their government. A 
commifiiun was at the fame time appointed by the Se- 
nate or Sovereign Council at Berne to examine all com- 
plaints, and to redrefs all grievences. The proceedin gs 
of this commiflion, however, did not keep pace with 
the popular impatience ; and the infurgents began to 
feize the drong places in their country. The govern- 
ment of Berne now refolved to reduce them by force, 
and fent troops againd them; but their commander 
Weifs appears to have aded with much hefitation, if 
not with treachery, In the mean time, a body of 
French approached under General Menard. He fent 
an aid de camp with two huffars, with a meffage to 
General Weifs. On the return of the meffengers, an 
accidental affray took place, in which one of the huf- 
fars was killed. This was magnified into an atrocious 
breach of the law of nations. The French advanced ; 
and by the end of January obtained poffeflion of the 
whole Pays de Vaud. Still, however, the government 
of Berne attempted to prelerve peace, while it endea- 
voured to prepare for war. The foldiers who had kill- 
ed the French huffar were delivered up, negociations 
were begun, and a truce entered into with General 
Bruue, who fucceeded Menard in the command of the 
French troops in the Pays de Vaud. As internal com- 
motions were breaking out in all quarters, an attempt 
was made to quiet the minds of the people, that they 
might be induced to unite againd the threatened inva- 
fion. Fifty two deputies from the different didri&s Undecided 
were allowed to fit in the Supreme Council of Berne, condudt of 
and a fimilar meafure was adopted by the cantons of1,*16 

Zurich, Lucerne, Fribourg, Soleure, and Schaff haufen. ^ ates of 

An army of 20,coo men was at the fame time affem- enie* 
bled, and entruded to the command of M. d’Erlach, 
formerly field marfiial in the French fervice. But dif- 
affeftion greatly prevailed in this army, and the people 
could not be brought to any tolerable degree of union. 
The French knew all this, and demanded a total change 
of government. M. d’Erlach, dreading the increaling 
tendency to defertion among his troops, requeded leave 
to diffolve the armidice. It was granted by the govern- 
ment, and immediately recalled. But the French now 
refufed to negociate ; and oil the 2d of March, Gene- 
lal Schawenberg, at the head of 13,000 men, entered 

Soleure. 

(a) A copy of an advertifement, iffued on this occafion by what was called The Adminijlration of Finances and 
Contributions of the French Republic in Italy, is to be found in Nicholfon's Journal of Philofophy, Chemiflry, and 
the for May 1798. The advertifement is dated at Rome, 28th Feb. 1798. A copy of it was fent by 
llubert, the ag^nt of the French adminiftrators, to Mr Trevor the Britifli minifter at Turin, and by him was 
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French Soleure. Friburg was afterwards reduced by Brune, 

Revolf.tiou,an(j the Swifs army retreated. The government of 
1 

1Berne was in confternation, and decreed what was call- 
ed the landjlhurm^ or rifing of the people; which, in cafes 

Confterna of emergency, was authorifed by their ancient cuftoms. 
tionofthe The people accordingly aflembled ; and their firft aft 
govern- was to diffolve the government, and to offer to difmifs 
capitulation the army, on condition that the Trench troops mould 
of Uerne. proceed no farther. This offer was refufed, unlefs a 

French garrifon fhould be received into Berne, and the 
invaders continued to advance. The regular troops un- 
der M. d’Erlach were reduced by defertion to 14,000. 
The riling of the people had indeed fupplied him with 
numbers, but there was no time for arranging them. On 
the 5th of March he was attacked, and driven from the 
polls of Newenbeg and Favenbrun. He rallied his 
troops, however, at Uteren, where they made a Hand 
for fome time. They renewed the contefl at Grau- 
holtz without fuccefs, and were driven from thence 
about four miles farther to the gates of their capital. 
Here the Swifs army made a lafl and bloody effort. 
Being completely routed, they murdered many of their 
officers in defpair, and among others their commander 
M. d'Erlach. The daughter on both lides is faid to 
have been nearly equal; but the French fucceeded in 
obtaining polTeffion of Berne by capitulation on the 
evening of the day on which thefe battles were fought. 
Upon the capture of this city, the other more wealthy 
and populous Hates fubmicted to the French ; but the 
poorer cantons, who had leafl to lofe, made a terrible 
effort in defence of their fmall poffeffions, and the inde- 
pendence of their country. They even at firft com- 
pelled Schawenberg to retire with the lofs of -joco 
men ; but were at lafl overpowered by the fuperior 

' 331 numbers and military fkill of the French arfhy. Swit- 
Switzer- zerland was treated as a conquered country. Its pub- 
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The Direftory now carried into effeft the moft fatal Frercft 

of all their projefts, that of fending a powerful army to ReV(^u“on»- 
the call to feize upon Egypt, and from thence to at- . ‘ ^ ' . 
tack the empire which Britain has acquired in India. 333 

edatacon-1’0 ™agazJnes were feized by'the French, heavy contri- 
quered butions were levied, and a new conflitution, in imita- 
coumry. tion of that of France, w7as impofed. 

While the Direftory continued to encroach upon 
the independence of other nations, they were not likely 
to refpeft the freedom of their countrymen at home. 
In the month of April, a third of the legiflature was 
changed. Francis de Neufchateau went out of the Di- 
reftory by ballot, and Treilhard was chofen in his 
Head. The Direftory had made great efforts to in- 
fluence the eleftions in favour of their friends, but with 
little fuccefs. They prepared therefore to preferve the 
legiflature in fubjeftion to them by a new violation of 
the conflitution. On the 2d of May they complained 
to the Council of Five Hundered of the plots of anar- 
chifts and royalitls; by which they alleged that the elec- 
tions had in many places been made to fall on men ho- 
flile to the Republic. On the yth a committee made 
a report upon this meflage, and propofed that the pro- 
ceedings of many eleftoral afiembiies fhould be totally 
or partially annulled, according to the charafters of the 
perfons they had chofen. General Jourdan, and fame 
others, ventured to oppofe this plan as utterly incon- 
flftent with the freedom of eleftion, and as proceeding 
upon alleged intrigues of confpirators agaiuft the Re- 
public, while no confpiracy had been proved to ex- 
ifl. But the majority agreed to the propofal of the 
committee, and arbitrarily annulled the whole eleftioi.s 
in fix or feven departments, befidcs the particular elec- 
tions of a great number of individuals. 

Suppl. Vol. II. Part II. 
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The treaty wdth Auflria had no fooner been figned at Plan? an 
Campo Formio, than the Direftory excited the expec-exlp^'C!ca 

tation of France and of all Europe, by loudly proclaim- India, 
ing their determination to invade Great Britain. They 
fent troops into their own weflern departments, called 
them the jdrmy oj England, and appointed Bonaparte 
their commander in chief. This officer, in the mean 
time, had refided during the winter at Paris. Here he 
feems to have endeavoured to guard againfl the jealoufy 
of government, and the envy of individuals, by paffing 
his time in retirement, and affuming the charafter of a 
man of letters. He procured himfelf to be elefted a 
member of the National Inflitute ; but fo feldom did 
he appear abroad, that when he attended fome of its 
public fittings his perfon was altogether unknown to 
the fpeftators. Greedy of renown, but aware that it 
ultimately depends upon the labours and the approba- 
tion of the learned, he never failed, when called into 
military fervice, to remind this order of men of his al- 
liance with them, by adding to his name at all procla- 
mations and difpatches the defignation of Member of 
the National Injlitute. ' 

Whether the expedition to Egypt was now fuggeft- 
ed by Bonaparte himfelf, or whether it was not a fnare 
by which the prefent rulers of France impofed upon the 
vanity of an enterprifing young man, to enable them to 
get quit of him and his veteran army, is not known. 
It is very poffible, however, that Bonaparte might nei- 
ther be the devifer nor the unconfcious viftim of this 
plan ; but that he might account himfelf more fafe a- 
broad, upon the moll hazardous expedition, than expo- 
fed at home to the malice of a government that had be- 
come jealous of his reputation, and was by no means 
fcrupulous in its conduft. 

The projected invafion of Egypt was condufted with Prepara4- 
much feerecy. The world was amufed with tales of tions for it 
monftrous rafts to beconftrufted to convey the army 0f

condu(aecl 

England over into Britain. To favour the deception, Wlthfc'‘ 
Bonaparte made a journey to the weftern coaft. In the^ 
mean time, the fleet was preparing at Toulon, and 
troops affemblfng in its neighbourhood. When all was 
in readinefs, Bonaparte embarked with 40,000 of the 
troops that had fought in Italy. On the 9th of June 
he arrived at the ifland of Malta, and contrived to quar- 
rel with the Grandmafter, becaufe he rtfufed to admit 
fo large a fleet all at once into his ports to water. The 
French General immediately landed his troops in dif- 
ferent quarters, and endeavoured to reduce the ifland. 
The knights were divided into faftions. Many of them, 
as is now well known, were of the order of Illumina- 
ti, and of courfe prepared to aft the part of traitors. 
After making a-very feeble refiftance, the Grandmafter Conqueft of 
propofed a capitulation ; and thus was treacheroufly Maiu. 
furrendered, in a few days, a fortrefs which, if defended 
by faithful troops, might have held out for as many 
weeks againfl: all the forces of the French Republic. Bo- 
naparte, after leaving a garrifon of 4000 men in the 
ifland, failed on the 21ft of June for Alexandria. ^ 

In the mean time, Rear admiral Nelfon, who, in theAdmii’al 
ftation of Commodore, bad fignalized himfelf in a very ^e,,fon fails 
high degree under Lord .St Vincent, had benn difpatch-** q,idl ot 

ed in quell of him from the Britilh fleet, which ft ill Bonal)aru* 
3 I blockaded 
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French blockaded Cadiz. Not knowing the objedl 

Revolution,prencj1 eXpec}ition, the Britifh Admiral failed firll to 

i I7J -' i Naples ; and having there been informed of the attack 
upon Malta, he directed his courfe to that ifland. By 
the time he arrived there, however, Bonaparte had de- 
parted. Conjecturing now that Alexandria might be 
the deftination of the French troops, he failed thither ; 
but they had not been feen in that quarter, and he 
therefore went eagerly in fearch of them to other parts 
of the Mediterranean. Bonaparte, in the mean while, 
inftead of lleering in a direCt line for Alexandria, had 
proceeded flowly with his immenfe train of nearly 400 
tranfports, along the coaft of Greece, till he arrived at 
the eartern extremity of the ifland of Candia. Here he 
fuddenly turned fouthward ; and in confequence of his 
circuitous courfe, did not arrive at the coalt of Egypt 
till Admiral Nelfon’s fleet had left it. He landed his 
troops ; and on the 5th of July took by ftorm the city 
of Alexandria. The inhabitants defended themfelves 
very defperately, but without fldll; and for fome time 
a fcene of barbarous pillage and maflacre enfued. The 
tranfports that had conveyed the army were now placed 
within the inner harbour of Alexandria, and the fliips 
of war under Admiral Brueys caft anchor in a line clofe 
along the Fiore of what proved to them the fatal Bay 
of Aboukir. The army proceeded to the Nile, and 
afcended along the banks of that river, fuffering great 
hardihips from the heat of the climate. They were 
met and encountered by the Mamalukes, or military 
force that governed Egypt ; but thefe barbarians could 
not refill the art and order of European war. Cairo 
was taken on the 23d of July. ' On the 25th another 
battle was fought ; and on the 26th the Mamalukes 
made a lall effort in the neighbourhood of the celebra- 
ted pyramids for the prefervation of their empire. Two 
thoufand of them were killed on this occafion, 400 ca- 
mels laden with their baggage were taken, along with 
50 pieces of cannon. 

A provitional government was now eftablilhed in E- 
gypt. Proclamations were iflued in the Arabian tongue, 
declaring that the French were friendly to the religion 
of Mahomet, that they acknowledged the authority of 
the Gfand Signior, and had only come to punilh the 
crimes committed by the Mamalukes againft their coun- 
trymen trading to Egypt. Thus far all had gone 
well; but on the ill of Augull the Btitiih fleet appear- 
ed at the mouth of the Nile ; and the fituation of the 
French fleet having been difcovered, Admiral Nelfon 
prepared for an attack. In number of Ihips the fleets 
were equal ; but in the number of guns and weight of 
metal the French fquadron had the fuperiority. It 
was drawn up, too, in a form which fuggelled to its 
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the French iH'fated commander the idea of its being invincible ; but 
fleet. remaining at anchor, the Britilh Admiral was enabled, 

by running fome of his fhips between thofe of the ene- 
my a^ul the fhore, to furround and engage one part of 
their fleet, while the rell remained unemployed and of 
no fervice. In executing this plan of attack, a Britilh 
fhip, the Culloden, run aground ; but this accident on- 
ly ierved as a beacon to warn the others of the fpot 
that ought to be avoided. The battle commenced at 
funfet, and wras continued at intervals till daybreak. At 
lall, nine fail of the French line were taken ; one Ihip 
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of the of the line was burned by her own commander ; a fri- French 

gate was burned in the fame manner, to prevent her be-^evolution, 
ing taken. The French Admiral’s Ihip L’Orient took 
fire, and blew up during the adlion, and only a fmall 
number of her crew of 1000 men efcaped dellrudlion. 
Two French fliips of the line and two frigates were 
faved by a timely flight (f). 

No naval engagement has in modern times produced Confequcn. 
fuch important confequences as this. The unexampledc^s of his 

military efforts made by France had gradually dilfolvedvlctory' 
the combination which the princes of Europe formed 
againll her. By the train of victories which Bona- 
parte had gained, the houfe of Auilria, her molt power- 
ful rival, had been humbled and intimidated. The 
whole continent looked towards the new Republic with 
conlternation ; and when the Directory feized upon 
Rome and Switzerland, none were found hardy enough 
to interpofe in their favour. The current of affairs was 
now almoll inltantaneoufly altered. Europe beheld Bo- 
naparte, with his invincible army, exiled from its Ihores, 
and flint up in a barbarous country, from which the 
triumphant navy of Britain might for ever prevent his 
return. The enemies of France could not beforehand 
have conceived the pofiibility of the event which was 
now realifed ; and the hope was naturally excited of 
being able to form a new and more efficient coalition 
againll a government which had fo grofsly abufed the 
temporary profperity it had enjoyed. The northern 
powers began to lilten to the propofals made to them 
by Great Britain for commencing hollilities anew, and 
the Italian Hates prepared to make another effort for 
independence. The court of Naples in particular open- 
ly avowed its joy on account of the recent deftruftion 
of the French fleet. The king himfelf put to fea to 
meet Admiral Nelfon on his return from the Nile. Il- 
luminations took place in the capital, and vigorous pre- 
parations were made for war. The Grand Signior, who 
had poffelfed of late little authority in Egypt, and might 
perhaps have been induced to relinquiffi his claims on 
that province rather than engage his decaying empire in 
war, now entered into clofe alliance with Britain, and 
engaged in hollilities againll the French. Tippo Sul- 
tan had llipulated for the aid of a French army againll 
the Britilh in India ; but Bonaparte, on taking pof- 
feffion of Suez and the other F2gyptian ports on the 
Red Sea, found no Ihipping, there fit to tranfport his 
army to the Indian peninfula. Inllead of proceeding 
therefore upon any fplendid fcheme of farther conquell, 
he was compelled to remain in his prefent fituation, and 
to contend for exiilence againll the whole force of the 
Ottoman empire. 340 

The French at this time did not venture to fend forth ReheAlon 

any large fleet upon the ocean ; but wherever theirin IreJan<^ 
fmaller fquadrons appeared, the fortune of Britain over- 
powered them there no lefs than it had done in the Me- 
diterranean. They had long promifed aid to the dif- 
afletled party in Ireland ; but weary of fruitlefs expec- 
tation, the Irilh had during this fummer broken out in- 
to rebellion, without waiting the arrival of the troops 
whom the Diredtory had engaged to fend to their af» 
fiftance. While the rebellion was at its height, and al- 
though the infurgents for fome time occupied the fea 
port of Wexford, the French did not arrive. After- 

wards, 

(f) The two Ihips of the line and one of the frigates have been fmce taken. 
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French wards, however, when the rebellion had been totally 

Revolution, fjjbdLjed, they attempted to elude the vigilance of the 
I . 1798 Britilh fleet, and to 1 nd men in fmall parties. On the 

' ^ 2 2d of Auguft, General Humbert came aftiore at KiT 
Feebly fup-lala, at the head of about lino men. Even this fmall 
yorte^ by party might have been dangerous had it arrived a month 
the Direc- ear]jer . an(J jt adtually produced very ferious alarm. 
t0r^' It conlifted of men felefted with great care, and ca- 

pable of enduring much fatigue. They were joined by 
a few of the moft refolute of the difeontented Irifh in 
the neighbourhood, and fpeedily defeated General Lake, 

(who advanced againft them with a fuperior force, ta- 
king from him fix pieces of cannon. They next march- 
ed in different directions, for the purpofe of raifing the 

H" people, and maintained their ground in the country du- 
ring three weeks.. Finding, however, that he was not 
feconded by additional troops from France, that the re- 
bellion in Ireland had been fully fubdued, and that 
25,000 men under Lord Cornwallis were clofing round 
him, Humbert difmifl’ed his Irifti afl’ociates ; and four 
days thereafter, having encountered one of the Britifh 
columns in his march, he laid down his arms. Now”, 
when it was too late, the Dire&ory was very active in 
fending troops towards Ireland ; but all their efforts 

34» were defeated by the fuperiority of the Britifh navy. 
Whofe ef- Qn j-pg j 2th 0f Q&ober, Sir John Borlafe Warren took 

featecTbdC" ■^ia Hoche, a fhip of 84 guns, and four frigates, at- 
the Britifh tempting to reach Ireland with nearly 3000 men on 
navy. board. The other ftu'ps belonging to the French fqua- 

dron, which conveyed 5000 men in all, contrived to 
make their efcape by failing round by the north of the 
ifland. On the 2Cth of the fame month another fri- 
gate bound for Ireland was taken ; and the French 
finding that the fea was completely occupied by the 
Britifh fleet, were at laft compelled to defift from their 
enterprife. 

Ever fince the treaty of Campo Formio had been 
concluded, a congrefs of minifters from the French Di- 
rectory, and from the German princes, had been nego- 
ciating at Raftadt a treaty between France and the em- 
pire. As thefe negociations terminated in nothing, 
and were tedious and uninterefting during their pro- 
grefs, it is unneceffary to enter into a detail of the fteps 
by which they were conducted. The intended refult 
of them had been previoufly arranged between the Em- 
peror and the Diredtory in the fecret convention of 

I 343 Campo Formio, which has been already mentioned. 
Negocia- That the articles of this convention might be concealed, 

Raftadt t^lc French minifters at Raftadt formerly brought for- ward their propofals in fucceflion for the difcuffion of 
the German deputies. The French demanded that the 
Rhine fhould be the boundary of their Republic. The 
Germans refilled this. References were made to the 
diet of Ratifbone, and long difeuflions and negocia- 
tions took place among the different princes. When 
it was found that little was to be expeCted from the 
protection of Auftria, the German deputies at Raftadt 
were inftruCted to offer one half of the territory de- 
manded. This offer was refufed, and new negociations 
took place. The other half was at laft yielded up, and 
a long difeuftion commenced about the debts due by 
the ceded territory, which the French refufed to pay. 
The tolls upon the river, and upon the rivers flowing 
into the Rhine, alfo gave rife to much altercation. It 
was even a matter of no fmall difficulty, after all, to de- 
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termine the precife boundary of France; whether her F ench 
territory fhould extend to the left bank, the right bank, ®‘tvolu'l0n> 

or the thalweg, that is, the middle of the navigable, ' . 
channel of the river. It became alfo a queftion how 
thofe princes ought to be indemnified who loft their re- 
venues or terntories by the new acquifitions of France ; 
and it was at length agreed that they fhould receive 
portions of the ecclefiaftical eitates in Germany. 

1 hefe difeuffions, conducted with endlefs formality 
and procraftination, ftill occupied the congrefs at Ra- 
ftadt : but it now became gradually more probable that 344 
no treaty would be concluded at that place. Auftria Prepara- 
began to ftrengthen her armies in all quarters. Rnffia, ^ ^ 
that had hitherto avoided any aCtive interference in the£ontjntnj 
conteft, placed a large body of troops in Britifh pay, 
and fent them towards the German frontiers. The king 
of Naples avowedly and eagerly prepared for war. This 
impatient monarch, refalving to attack without delay 
the French troops who occupied the Roman territory, 
procured General Mack and other officers from the 
court of Vienna to affume the command of his army. 
Without waiting, however, till Auftria fhould com- 
mence the attack, he rafhly began the war alone and 
unaided, excepting by the Britifh fleet, and thus drew 
upon himftlf the whole force of the French Republic. 
The Diredtory did not fufpedl fuch imprudent condudl 
on the part of this prince ; and accordingly, when Gene- 
ral Mack entered the Roman territory, at the head of 
45,000 men, the French troops in that quarter were al- 
together unequal to the conteft. A French ambaffa- 
dor ftill refided at Naples when this event took place, 
and war was not declared. When the French General 
Championet complained of the attack made upon his 
pofts under tbefe circumftanccs, he was informed in a 
letter by General Mack, that the king of Naples had 
refolved to take pofleffion of the Roman territory, ha- 
ving never acknowledged its exiftence as a Republic ; 
he therefore required the French quietly to depart into 
the Cifalpine flates ; declaring, that any aft of hoftility 
on their part, or their entrance into the territory of 
Tufcany, would be regarded as a declaration of war. 
Championet finding himfelf unable to refill the force o4J 
now brought againft him, aftually evacuated Rome. He 
left, however, a garrifon in tiie caftle of St Angelo, and 
endeavoured to concentrate whatever troops he could fefiicn of 
haftily colleft in the northern extremity of the Roman R^nie. 
ftate. Towards the end of November, General Mack 
entered Rome without oppofition. 

When thefe events came to be known at Paris, war 
was immediately declared againft the king of Naples, 
and alfo againft the king of Sardinia. This laft prince 
had made no attack upon France; but he was accufed 
by the Direftory, in their meffage to the Councils, of 
difuffeflion to the Republic, and of 'wjfljing to join the 
king of Naples in his hoftile efforts. This accufation 
could not well be falfe. From the period of Bonapar- 
te’s fuccefsful irruption into Italy, the king of Sardinia 
had felt himfelf placed in the moft humiliating circum- 
flances ; his moft important fortreffes were occupied 
by the French ; they levied in his country what con- 
tributions they thought fit ; and when they recently 
required him to rec#ive a garrifon into his capital, he 346 
found himfelf unable to refill; the demand. Even now, Hard 

when they performed the ufelefs ceremony of declaring 
war, he could make no effort in his own defence, and ia‘ 
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Revomtion,^{g w^Gie continental dominions, confenting to retire to 
the ifland of Sardinia. 

In the mean time, the contell with Naples was foon 
decided. The French on their retreat were much ha- 
raffed by the people of the country. The Neapolitan 
troops regarded them with fuch animofity, that they 
fcarcely obferved the modern rules of war towards the 
priioners who fell into their hands. Even their leaders 
feemed in this refpedl to have forgotten the pradice of 
nations ; for when General Bouchard, by order of Ge- 
neral Mack, fummoned the callle of St Angelo to fur- 
render, he declared, that, he would confider the pri- 
foners of war and the lick in the hofpitals as hollages 
for the condud of the garrifon ; and that for every gun 
that fhould be fired from the caille, a man fhould be 
put to death. It cannot well be-imagined that the 
Neapolitan officers would have aded in this vehement 
manner, had they not expcded countenance and fup- 

Nap'kVcon Port from immediate co-operation of* Auftrian 
quered by troops. In their hopes from this quarter, however, 
tne French, they were completely difappointed. Mindful of her re- 

cent calamities, and attentive only to her own aggran- 
difement, Auflria feems Hill to have expeded more from 
negociation than from war, and the territory of Naples 
foon fell into the hands of the French. Such indeed 
was the terror of the French name in Italy, or fuch 
was the difaffedion or cowardice of the Neapolitan 
troops themfelves, that they were beaten by one-fourth 
of their number in different engagements, at Terni, 
Porto Fermo, Civita Caltellana, Otricoli, and Calvi. 
At the commencement of the conteff, a body of Nea- 
politans, with the affiltance of the Britilh fleet, had 
been landed ac Leghorn, for the purpofe of taking the 
French in the rear : but they, difregarding this attempt 
on the part of fuch an enemy, preffed on towards Na- 
ples. By degrees, General Mack’s army being redu- 
ced by the refult of the battles which it fought, and 
by defertion, to 12,000 men, he found it ncceffary to 
advife the king and royal family of Naples to take re- 
fuge on board the Britilh fleet. They did fo ; and 
arrived at Palermo, in Sicily, on the 27th of Decem- 
ber, in the Britilh Admiral Lord Nelfon’s Ihip. Ge- 
neral Mack, in the meaq time, requefted an armiflice, 
to afford an opportunity for making peace ; but this 
was refufed. Being driven from Capua, which is the 
laft military poff of any ftrength in the Neapolitan ter- 
ritory, and his life being in no fmall danger from the 
difaffedtion of his own troops, he at latt found it necef- 
fary to feek for fafety, by furrendering hiinfelf, along 
with the officers of his itaff, to the French General. 
The governor of Naples, in the mean time, offered to 
the French a contribution in money, if the commander 
in chief would confent to avoid entering that city. The 
offer was accepted, and the invading army remained at 
Capua. General Serrurier, on the 28th of December, 
at the head of a column of French troops, expelled the 
Neapolitans from Leghorn, and took poffeffion of that 
place. So far as the efforts of regular armies are to be 
conlidered, the war might now therefore be regarded as 
brought to a termination ; but the French had fpee- 
dily a new and unufual enemy to contend againft. 

From the mildnefs of the climate, and the fertility of 
the foil, human life can be fuftained in the fouthern 
parts of Italy with fewer efforts of induftry than in al- 
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of mod any other country in Europe. Hence arifes a French’ 

general propenlity to idlenefs, which is increafed by the ^‘evo'utlorb 
numerous charitable inftitutions to which the Roman ■ I/^9/ J 
Catholic religion gives rife. In the city of Naples there 348 
had long existed a body of perfons under the denomina-The Lazza- 
tion of La%%arofii or Beggars, amounting to the incre- l< n‘ ^ a* 
dible number of from thirty to forty thoufand men,|^ch

the 

who did nothing, and fublilted merely by charity, or by 
fuch fhifts as occafionally occurred to them. One of 
thefe frequently was the menacing the ftate with an in- 
furre6tion, in cafe their wants were not inflantly {ap- 
plied ; which ufually drew from a feeble adminillration 
very liberal diftributions of money and provifions. On 
the prefent occafion they. demonftrated abundance of 
loyalty ; but the king had thought fit to avoid entruft- 
ing his fafety to fuch defenders. During the confu- 
fion which followed the flight of the court and the ap. 
proach of the French army, the Lazzaroni became mu- 
tinous. They heard that the French abolifhed, where- > 
ever they came, all thofe monafteries and other religious 
eftablilhments which are the great fources of public 
charity. The Lazzaroni, therefore, conceived the moft 
violent hatred againft them, and againfl: all who were 
fufpebled of favouring opinions hoftile to royal govern- 
ment. In the beginning of January they began to 
fliew fymptoms of difeontent, and in a few days broke 
out into open infurredtion. The members of the go- 
vernment left by the king, overcome by habitual terror 
of the I ^azzaroni, confulted merely their own perfonal » 
fafety, and made no effort to preferve the public tran- 
quillity. Prince Militorni had gained confiderable ap- 
plaufe on account of his vigorous defence of Capua a- 
gainft the French. The Lazzaroni therefore eledted 
him their commander in chief; but he attempted in vain 
to reftrain their violence and love of plunder. They 
declared hoftility againft. the French and all the ad- 
vifers of the armiftice. They br^ke open the prifons, 
and put to death all thofe who were confined on ac- 
count of political offences againft. the royal govern- 
ment. They next fpread themfelves over the city inxhdf out- 
fearch of thofe perfons whom they confidered as fa-rage?, 
vourable to the invaders, and committed murder and 
robbery in all quarters, concluding by burning the 
houies of thofe accounted difaffedted. An attempt was 
made by a confiderable body of the inhabitants, who 
thought themfelves in the greateft danger, to re lift their 
fury, by fortifying the Convent of the Celeftins, and re- 
tiring thither ; but the Lazzaroni, after encountering 
the fire of cannon and of mufketry, fucceeded in ftorm- 
ing the place, and deftroyed all who had taken refuge 
there. Their power and their fur.y were now equally 
boundlefs, and the city became in many quarters a feene 
of inaffacre and pillage. Prince Militorni, therefore, 
went to Capua, and requefted Championet to refeue 
Naples from utter ruin by occupying it with his army, 
lor this purpofe it was arranged, that a column of 
Trench troops fliquld fecretly advance by a circuitous 
march, and fuddenly enter the city from the oppofite 
quarter. Before this plan could be fully executed, the 
Lazzaroni had adopted the daring refolution of attack- 
ing the French within the fortifications of Capua. Ac- 
cordingly two-thirds of them marched out upon this en- 
terprife, and fpent the 19th and 20th of January in at- 
tempting to take Capua by affault. Multitudes of thefe 
men here perilhed by the artillery of the place ; for the 

French, 
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French French, to favour the capture of Naples by the party 
Revolution,been fent eaitward for that purpofe, avoided 
. *799' making any fally, and remained upon the defenlive. The 

Lazzaroni at Capua, however, having learned on the 
2jft that a French column had marched to Naples, and 
approached the gates, fuddenly returned to the afiift- 
ance of their brethern in the capital. They were clofe- 
ly purfued by the French ; but they had leifure, ne- 
verthelefs, to barricade the flreets, and to form them- 
felves into parties for the defence of. different quarters. 
A dreadful and fanguinary contefl now enfued, which 
lafted from the morning of the 22d to the evening of 
the 23d of January. The Lazzaroni, with fome pea- 
fants who had joined them, difputed obftinately every 
fpot of ground ; and by the energy which they dif- 
played, caft a fevere reproach upon the feeble and un- 
fkilful government, which had not been able to diredl 
in a better manner the courage of fuch men. At length, 
after having been gradually driven from flreet to flreet, 
the Lazzaroni rallied for the lalt time at one of the 
gates of the city7, where they were nearly exterminated. 
The inhabitants rejoiced on account of their own efcape 

terminated.from immediate ruin; and while the French armies 
found themlelves become odious in all the other coun- 
tries which they had entered, they here found them- 
felves, from the peculiar circumftances of the cafe, re- 
ceived with unfeigned welcome, in a city which holds 
the third place in population and fplendour among the 
capitals of Europe. 

This may be regarded as the lafl triumph enjoyed by 
the Diredlory. The confequences of their conduct 
were now gathering fall around them. They were de- 
servedly unpopular at home ; not only from the viola- 
tions they had offered to the conflitution of their coun- 
try, but alfo from the manner in which they condudted 
public affairs in detail. They let no bounds to their 
profufion, or to the exaftions with which their agents 
vexed the conquered countries. Championnet, afhamed 
of the extortions of which the Commiffaries of the Di- 
rectory were guilty, attempted in Italy to reftrain 
them ; and the confequence was, that, upon the com- 
plaint of the commiffary Taypoult, he was deprived of 
his command, and thrown into priion. Scherer, the mi- 
nifler of war, was appointed his fucceffor. Under him 

-jj the rapacity of the agents of government, and the em- 
Rapacity of bezzlement of the public (tores, was carried to its 
ttie iJirec hfcight. The members of the armies were fuffered to de- 

cline, that the Directory, the commiffaries, and the ge- 
nerals, might become rich. Thus the (late was left to- 
tally unprepared againftrthe ftorm which was now ra- 
pidly gathering from abroad. Still, however, France 
was feared by the neighbouring nations, to whom the 
prefent Hate of her internal affairs was obfeurely known. 
Though an army of 45,000 Ruffians had advanced to 
the aid of Auftria, yet that Cabinet hefitated to declare 
war. Pruflia was eagerly folicited by Britain to take 
up arms againft France, and large pecuniary aid was 
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offered ; but Sieyes, the Directory’s ambaffador at Ber- French 
lin, artfully contrived to defeat this negociation, and t0 F-evo'ut‘tin 

counteract the unpopularity of his country in Germa-u 
ny, by publifhing the fecret convention at Campo For- 
mio, which we have already mentioned. This treaty 
demonftrated fo clearly to the German princes the ut- 
ter unconcern with which their independence and their 
interefts were regarded by the head of the empire, that 
no Heady co-operation with Auftria could henceforth 
be expeCted from them. The greater number of them, 
therefore, refolved to maintain their neutrality under 
the protection of Pruflia. 

On the 2d of January, the French minifters at Ra- 
ftadt prefented a note to the congrefs, in which they 
intimated, that the entrance of Ruilian troops into Ger- 
many, if not refifted, would be regarded by them as a 
declaration of war. Some negociation took place in 
confequence of this note, but no fatisfaCtory anfwer was 
returned. On the 26th of that month, the ftrong for- 
trefs of Ehrenbreitftein furrendered, after having re- 
mained under blockade fmee the conclufion of the trea- 
ty of Campo Formio. By the poffefTion of this place, 
and of Mentz and Duffeldorf, France was now render- 
ed very formidable on the Rhine. As ffie poffeffed al- 
fo the ftrong country of Switzerland, and all the forti- 
fied places of Italy, (he was well prepared, not only for 
defence, but for aCh've operation ; for it is now known, 
that the conferences of Raftadt were purpofely pro- 
traded, by orders from the Directory, till the French 
armies fhould be ready to take the field with advan- 
tage againft an enemy whofe conduCt betrayed the mod 
culpable tardinefs. At this time Jourdan commanded \var re- 
on the Upper Rhine from Mentz to Huningen ; Maf-newedon 
fena occupied with an army the eaftern frontier of Swit-1*12 

zerland towards the Grifan country ; Scherer was com- 
mander in chief in Italy ; Moreau afted as general of 
a divifion under him ; and Macdonald commanded the 
troops that occupied the territory of Rome and Naples. 
But thefe armies that kept in fubjeCtion, and were now 
to defend fo many countries, fcarcely amounted to 
170,000 men in all, and were far outnumbered by the 
armies which Auftria alone, without the aid of Ruffin, 
could bring into the field. The Directory, however, 
confiding in the unity of its own plans, in the undeci- 
ded politics of the court of Vienna, and in the confe- 
quent flow movements of the Imperial armies, was ea- 
ger to renew the war ; and the two Councils, on the 
13th of March, declared France to be at war with the 
Emperor of Germany and the Grand Duke of Xufca- 
ny. The war, however, had already been begun. On 
the 1 ft of March Jourdan crofted the Rhine at Straf- 
burgh, and occupied feveral ftrong pofitions in Swabia. 
Manheim was taken, and Philipfburg fummoned to fur- 
render by Bernadotte (g), while St Cyr entered Stut- 
gard. On the 4th of March the Auftrians crofted the 
Lech, under the command of the Archduke Charles, to 
oppofe this army. Maflena advanced into the territory 

of - 

(g) This fummonswas conceived in very extraordinary terms, and cannot be accounted for but upon the fup- 
pofition that Bernadotte believed the Auftrian officers infedled with French principles. He calls upon the com- 
mander of the fortrefs to furrender without refiftance, and thus violate the truft repofed in him by his fovereign. 
He tells him, that a difeharge of his duty would produce the defection of his officers and men. He warns him of 
the folly and danger of leading troops to aftion againf their will; and, laftly, he threatens him with ’vengeance if 
he fhould dare to refijl ! 



REV [ 438 ] REV 

> a"d h»*«*•w'y•'«»■ -tCTch 1799. 

353 
And in 
Switzer- 
land. 

tn’ans, took them all prifoners, together with tlieir Ge- 
neral AufFenburgh, and the whole of his itaff, after a 
defperate rcliilance under the walls of Coire. The re- 
duction of the Grifons was the confequence of this vic- 
tory. 

But in order to complete the plan of the French, 
which was to effeCt a junction with their two armies, 
that of Maflena in Switzerland with that of Jourdan in 
Germany, it was neceffary to carry the important poll 
of Feldkirch, which w^as occupied by the Auftrian Ge- 
neral Hotze, whofe line extended from the frontiers of 
the Grifons, to the north call by the Vorelberg, to the 
eaftern extremity of the Lake Conftance. Vigoroufly 
repulfed in his fiift attack, Maffena renewed it, five dif- 
ferent times, with frefli forces, and increafed impetuofi- 
ty. But all could not avail againil the fteady bravery 
of the Auftrians, who drove back the affailants with 
immenfe {laughter. The French, however, being in 
poffefiion of the Grifons, the invafion of the Engadine, 
and the county of Borrnio, by a divifion of the army of 
Italy cantoned in the Valteliue, under the orders of Ge- 
neral Cafabianca, was facilitated. The Auftrians, too 
weak in that quarter to refift them, retreated into the 
Tyrol, whither they were purfued by the French, who 
forced fome of the defiles by which the entrance of that 
country was defended, and extended their deftruftive 
incurfions as far as Glurenz and Nauders. 

Meanwhile the van-guard of the main army of th« 
Imperialifts puftied forward to meet the enemy. On the 
20th of March it was attacked by Jourdan, who drove 
in the outpofts; but on the following day that general 
was himfelf attacked in the centre of his army, dri- 
ven from his pofition, and compelled to retire during 
the night to Stockach. Both parties now prepared for 
a decifive engagement. On the 24th, the Archduke 
encamped before Stockach, with his right wing towards 
Nellenburgh, and his left near Wallenweis. On the 2 tth 
at day-break, the French army began the attack. They 
diredfed their chief efforts againft the right wing of the 
Auftrians commanded by General Meerfeldt. The battle 
was long and obftinate. From five o’clock in the morn- 
ing till paft one of the afternoon, its termination re- 
mained extremely doubtful. The French fucceeded in 
their attempt againft General Meerfeldt. His pofition 
was forced, and he retreated into a wood between Lip- 
tingen and Stockach. Here he renewed the combat 

The French without fuccefs. He was gradually driven to the ex- 
are defeat- tremity of the wood, though it is a German mile in 
ed iijjswa- breadth. The left wing of the Auftrians, however, 

had in the mean time maintained its ground, and rein- 
forcements were fent from it to General Meerfeldt. 
With the afliftance of thefe he at laft fucceeded in ma- 
king a ftand, and even obliged the French to retire in 
their turn. At length, about two o’clock, the French 
found it neceffary to withdraw from this quarter. The 
battle, however, was continued in different points till 
night came on. The French remained upon the ground 
where they had begun the attack, and they even retain- 
ed 4000 priioners whom they had taken during the 
various movements of the day. The refult of the battle, 
upon the whole, however, was fatal to their affairs. 
Their lofs was fo great, and the fuperiority of the Auf- 
trians fo manifeft, that Jourdan dared not to hazard 
another engagement. On the following day he retired 
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gether unequal to offenlive operations, he fent back one ^'evo*ut'oni 
part of it to cover Kehl and Strafourgh, while he with- 179y< 

drew with the other towards Switzerland. This event 
compelled Maflena, who was prefimg upon Tyrol and 
the Engadine, to return to the defence of Switzer- 
land. He was immediately intrufted with the chief 
command of the troops in this quarter, in the room of 
Jourdan, who was removed. The Auftrians continued 
to advance in every diredion, and immediately occu- 
})!ed the whole of the right, or German fide of the 
Rhine, from the lake of Conftance to Mentz. 

.In the fuccefs of the Auftrians was equally con- 
fpicuous, notwithftanding the treachery of the French Italy, 
in attacking them before the expiration of the truce. 
The attempt of the latter to force the advanced polls 
of the former, on the 26th of March, at Santa Lucia 
and Buffelango, was rendered abortive; and at Legnago, 
the Auftrian general, Kray, obtained a complete vic- 
tory, and compelled them to feek protection under the 
walls of Mantua. On the 5th of April, the Auftrians 
again attacked them in their pofition at Memiruolo, 
which lies on the road from Mantua to Pefchiera, and 
compelled them, after an obftinate conflict, once more 
to retreat. The lofs of the French in thefe different 
actions w^as undoubtedly great ; but it is probably over- 
rated at 30,000 men killed, wounded, and taken. 

The fuccefs of the Auftrians, however, was not 
cheaply puichafed. Scherer, who commanded the 
French army, gained over them, at firft, fome advan- 
tages, which, had he known how to improve them, 
might have given a different turn to the tide of affairs. 
One divifion of his army had actually forced the Auf- 
trian polls on the 26th of March, and taken 4000 
pnioneis ; but the other divilion being repulfed, he 
withdrew his troops from their advanced pofition, and 
thus rJinquilhcd the advantage which he had gained. 
Even or the 5th of April, Moreau’s divifion perform- 
ed prodigies of valour, and took, it lias been {aid, 3000 
prifoners ; but from the injudicious difpofitions which 
had been made by Scherer, that general was not fup- 
ported, and the vi&ory of the Auftrians was complete. 
Kray now quickly drove the French from the Mantuan, 
and compelled them, after having fuftained new Ioffes, 
to relipquifh their ftrong holds on the Mincio and the 
Adige, and to retreat to the Adda. 

On the hanks of this river, rendered remarkable for 
the dear bought vi&ories which Bonaparte had obtain- ^ 
ed at the bridge of Lodi, the French general Moreau, Tv^eau 
to w hom the L)ire£lory had given the chief command fortifies his 
of their army, prepared to make a vigorous defence. caniP- 
The military talents-of this man had been rendered un- 
queftionable by his celebrated retreat through a hoftile 
country, and before a victorious army ablv commanded. 
On the prefent occafion he did not belie his former 
character. Nothing that could give courage or confi- 
dence to his troops w'as negleCted. Entrenchments 
were thrown up wherever the river wras confidered as 
paffable ; and a fituation, remarkably ftrong by Nature, 
was {Lengthened by every means which art could fup- 
ply. 

Before this period, a confiderable body of Ruffians 
had joined the Imperialifts; and the chief command of 
the allied army w^as now affumed by Field Marftial Su- 
warrow Rimnifld. This celebrated leader, whofe cha- 

racter 
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Feench rafter every democrate labours to mifreprefent, had en- 

Rcvolutiun,tere(j |nt0 the army at the age of twelve, and rifen from 
. 17^9' ,the ranks to the ftation which he now holds, of Gene- 

raliHimo ot »!ie Ruffian armies. PoiTeded of ftrong na- 
Marlhal tural talents, he had likewife the benefit of an excellent 

..Suwarrow e(jijcation, and is faid, by thofe who are perfonally 
known to him, as well as acquainted with the ftate of 
literature in Raffia, to be one of the beft claffical fcho- 
lars of all the natives of that great empire. He had 
lludied, in early life, mathematics and natural philofophy, 
as branches of fcience abfolutely neceffary to the man 
whofe highell ambition is to become a great commander ; 
and his knowledge of the learned, as well as of the 
fafhionable languages, has enabled him to avail himfelf 
of all that has been written either bv the ancients or 
the moderns on the art of war. This art has indeed 
been his chief ftudy from his youth ; it has been at once 
his bufinefs and his amufement. 

Pofleffed with his countrymen, in general, of the mod 
undaunted courage, and formed by Nature to endure 
the greateft fatigue, it is not furprifing, that with all 
thefe advantages Suwarrow fhould have long ago acqui- 
red the charafter of one of the ableft generals of his time. 
It is indeed true, that, till the opening of the campaign 
of 1799, he had diltinguifhed himfelf only againft the 
Turks, whom we are too apt to defpife, and againft the 
Poles when divided among themfelves ; but let it be 
remembered, that the enthufiaflic courage of thofe fame 
Turks had found employment for the talents of feme 
of the ableft generals in Europe, a Laudohn and a Co- 
bourg; and that the Polifh armies which Suwarrow 
fubdued were united by the ftrongeft of all ties—the 
knowledge that they mufl conquer or periffi. All this 
was fo well known to Frederic the Great, that he held 
the military talents of the Ruffian hero in the higheft 
efteem ; and the attention of all Europe was now turned 
towards the quarter where thofe talents were to be ex- 
erted in the fupport of focial order, and of every thing 
which ennobles man. His operations in Italy did not 
difappoint the highefl expeftations which had been 
formed of them. At an age confiderably above fixty, 
he began a campaign not lefs remarkable for its aftivity 
than any which had gone before it fince the commence- 
ment of the French revolution. We are by no means 
prepared, however, to do juftice to the various military 
efforts which were now made, or to explain clearly the 
means employed to infure fuccefs. If the work entitled 
the Hijlory of Suwarroiv*s Campaigns be deferving of 
credit, the fuperiority of that commander over his rivals 
and opponents feems to have at all times confifled prin- 
cipally in the promptitude with which he formed his 
pians, and the rapidity with which he carried them in- 
to execution. It is likewife faid to be a maxim of his, 
always to commence the attack when he fees a battle 
inevitable, from the perfuafion that the ardour of the 
attacking army more than counterbalances the advan- 
tage of ground, if that advantage be not very great. 
Such was certainly the principle upon which he adfed 
at prefent. 

Attacks On the 24th of April the combined army advanced 
him in his to the Adda ; and having driven in Moreau’s outpofts, 

xnents* Suwarrow refolved, on the 26th, to attack him in his 
entrenchments. For this purpofe, while the fhew of 
an attack was maintained along the whole line, a 
bridge was fecretly thrown over among the rocks at 

the upper part of the river, where the French had French 
thought fuch an enterprife unlikely or impoffible. .ARevolution, 
party of the combined army was thus enabled,v on the . 
following morning, after croffing the river, to turn the 
French fortifications, and to attack their flank and rear, 
while the reft of the army forced the paffage of the ri- 
ver at different points. The French fought obftinate-And 
ly> hut were fpeedily driven from all their pofitions, and feats him 
compelled to retire to Pavia, leaving 6000 men on the w*ch great 
field; while upwards of 5000 prifoners, including 4^au^ tcr" 
generals, fell into the hands of the allies, together with 
80 pieces of cannon. 

The advantage thus obtained over the French, in 
confequence of the addrefs with which the Adda was 
croffed, is faid to have gained for Suwarrow more efti- 
mation Irorn his antagoniits than they had originally 
been difpofed to grant to any military officer coming 
from Ruffia, and who had never before had perfonal 
experience ol the mode in which war is condufted in 
the fouth of Europe. But tin’s is probably affeftation. 
The French had furely no caufe to defpife Ruffian ge- 
nerels, fince they could not but know that Eaudclm 
was born in Ruffia, that he had his military education 
there, and that.he had rifen to a high rank in the army 
before he entered into the ferviee of the Emprels Queen 
Maria Therefa. Indeed it is evident, that while their 
orators were declaiming againft Suwarrow and his Ruf- 
fians as mercilefs barbarians, they were fecretly trembling 
at his prowefs and refources, which they could not but 
remember had more than once faved the armies of the 
Prince of Cobourg in the Turkifh war. 

Moreau now eftablifhed the wreck of the French ar- 
my, amounting to about 12,coo men, upon the Po, be- 
tween Aleffandria and Valentia. On the 1 ith of May 
he compelled a body of Auftriansto retire, though they 
had already paffed the river, and took a gleat number 
of them prifoners. On the following day, yoco Ruf- 
fians croffed the Po at Bafignano, and advanced on Pe- 
cetto. Moreau immediately fell upon them with his 
army. They maintained a long and defperate conflict; 
but being at lait thrown into confufion, and refufing to 
lay down their arms, about 2000 of them were drown- 
ed in recroffing the river, and the French, with difficul- 
ty, took a fmall number of them prifoners. But Su- 
warrow foon advanced, and terminated this aftive, but 
petty warfare, which was all that the French could now 
maintain. Moreau was under the neceffity of retiring 
with his troops to occupy the Bochetta, and other 
paffes which lead to the Genoefe territory ; and the 
combined army commenced vigoroufly, and at once, the 
fiege of all the fortreffes in the part of Italy which is 
now occupied. Pefchiera, Mantua, Ferrara, Tortona, 
Aleffandria, and the citadels of Turin and Milan, were 
all attacked. The French were driven from the Enga- 
dine by Bellegarde ; Maffena, clofely preffed in Swit- 
zerland by the Archduke Charles, was compelled to 
retreat to the neighbourhood of Zurich, and almoft all 
Piedmont had rifen in infurreftion againft the French ; 
fo that in every quarter their affairs feemed defperate. 
Few or no reinforcements arrived from the interior, and 
their generals were left to aft upon the defenlive, and to 
detain the enemy at a diftance from the frontiers of 
France as long as poffible. One effort of offenlive war 
only remained, and, after fome delay, it was made with 
much vigour. 

Macdonald' 
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French Macdonald was ftill with a confiderahle French army 
Rev.jln.ion, jn fouthern parts of Italy, and occupied the terri- 

i-—tones of Rome and Naples.. No attempt was made on 
360 the part of the combined powers to cut of his retreat ; 

probably from the conviftion that fuch an enterprife 
could not be accomplifhed with fuccefs in the moun- 
tainous countries of Tufcany and Genoa, through 
which it would be in his power to pafs. Aware of 
this circumftance, he was in no hafte to remove, though 
the combined army now occupied almoft the whole ter- 
ritory between him and France. He gradually con- 
centrated his forces, however, and drew near to the 
fcene of adtion. His army amounted to 30,000 men ; 
and. he was ordered by thetDiredfory to evacuate the 
new born republics of Rome and Naples, and to form a 
junction, if pofiible, with the army of Moreau. The 
prefent fituation of the allies, however, tempted Mac- 
donald to hazard an adtion by himfelf. Marihal Su- 
warrow had extended his forces over Lombardy and 
part of Piedmont, in order to afford protection to the 
well difpofed inhabitants of thefe countries ; and Mac- 
donald and Moreau had concerted between them a plan 
for dividing their antagonifts, and vauquifhing them, as 
the French generals had often vanquifhed their enemies 
in detail. It was only by, Macdonald, however, that 
any important blow could be ftruck ; but it was ne- 
calfary that Moreau fhould draw upon himfelf a great 
part of the Auftro-Rufiian forces, that the remainder 
might be more completely expofed to his colleague’s 
attack. For this purpofe he had recourfe to a ftra- 
tagem. 

Towards the end of April, the French fleet^amount- 
ing to 16 flips of the line, had ventured out of Breft 
harbour. Ireland was fuppofed to be the place of its 
dedination ; and the Britilh fleet was ftationed in the 
lituations molt likely to prevent its arrival there. The 
French, however, intending to form a jundlion with 
the Spanilh fleet, which was Hill blockaded in the port 

Junction of of Cadiz, failed fouthward. When they approached 
the French Cadiz, a dorm arofe, which prevented any attempt on 

fleetsPanifll t*iei'r Part t0 enttT t^c hart>our> and any effort on the part of the Britifh admiral, Lord Keith, to bring them 
to an engagement. On the 4th and 5th of May, there- 
fore, they paffed the Strait of Gibraltar, and fleered 
for Toulon. Lord Keith kept his dation near Cadiz 
till the 9th of May, and then entered the Mediterra- 
nean in qued of the French deet. The Spaniards im- 
mediately put to fea, and went into the Mediterranean 
alfo. The French deet entered Toulon, and afterwards 
went out in qued of the Spanifh deet. They failed to- 
wards Genoa, and afterwards to Carthagena, where they 
met their allies. The two fleets being now united once 
more, pafled Gibraltar, and failed round to Bred, where 
they arrived in fafety, without being overtaken by the 
Britifh. 

Moreau, in the mean time, took advantage of the 
arrival of the French and Spanifh fquadrons in the vi- 
cinity' of Genoa, to fpread a report that they had 
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brought him a powerful reinforcement of troops, in the French 
hope of withdrawing from Macdonald the attention of Rev°lu':ion1 
Suwarrow. This lad officer was himfelf at Turin. His 1799, 

advanced troops pofleded the paffes of Safa, Pignerol, v 

and the Col d’Afliette ; while, at the lower extremity 
of the vail track of country over which his army was pjt^\ fu:. 
fcattered, General Hohenzollern was poded at Modenacefies of 
with a condderable force, and General Ott was at Reg-Macdo- 
gio with 10,000 men. On the 12th of June, Macdo-nalc1, 

nald began his operations. His advanced dividons at- 
tacked Hohenzollern at Modena, on that day, defeat- 
ed him, and took 2000 of his men prifoners. The 
French, at the fame time, attacked General Ott; and, 
after obliging him to retreat, they entered Parma on 
the 14th of June. On the 17th, General Ott was 
again attacked, and compelled to retire upon Cadel St 
Giovanni. But here the progrefs of Macdonald was 
arreded. 

Suwarrow had been informed of bis approach and 
alarming fuccefles; and with that prefence of mind, and 
that promptitude of energy, which fo drongly mark 
the whole of his conduft, he fuddenly left Turin on 
the 15th of June, at the head of 20,000 men ; and ha- 
ving marched feventeen leagues in eight-and-forty hours, 
came up with Macdonald’s army on the banks of the 
Tidone. The Ruffian Generals Rofenberg and Foer- 
der commanded the right and the centre ; the left 
wing was commanded by the-Audrian General Melas; 
the Ruffian General Prince Procration commanded the 
advanced guard, and Prince Lichtendein the referve. 
A defperate adlion now commenced, which, conteded 
with equal obdinacy on both fides, was fought during 
three fucceffive days. At length vi&ory, dill faithful He is com- 
to the dandard of Suwarrow, declared for the allies, pletcly de- 
The French, driven on the id day from the Tidone tofeatedby 
the Trebbia, were there ultimately defeated on the 19th,Suwarrow' 
after a carnage on both iides, fuch as fome of the oldeft 
officers in the army declared that they had never before 
feen. The Ruffians and French repeatedly turned each 
others line, and were mutually repulfed. Suwarrow, who 
appeared in perfon wherever the fire was h^aviefl, and 
his troops mod cloddy preded, is faid to have had feven 
horfes killed under him, and to have flript himfelf to 
the fhirt on the 19th, running on foot from rank to 
rank, to urge the troops forward by his prefence and 
example (h). With all thefe exertions of heroifm, how- 
ever, and greater have feldom been made, the iffue of 
the conted continued doubtful, till the gallant Kray, in 
direct difobedience to the pernicious orders of the Au- 
lic Council at Vienna, arrived at the head of a large 
detachment from the army befieging Mantua, and, on 
the 19th, decided the fate of the day. 

The French ded during the night; and on the morn- 
ing of the 20th, Suwarrow purfued them with his army 
in two columns. It feldom happens that German 
troops can overtake the French in a march. The Ruf- 
fians now did fo, however; and at Zena, the rear guard 
of the French, being furrounded, laid down their arms. 

The 

(h) We had this information from an officer of high rank, now refiding in Weimar, who was prefent in the 
adtion ; and who added, that the Cofiacs* as foon as they favv their old commander in*hisJhirt, ruflied upon the 
enemy with an impetuofity which nothing could withdand. The dory is by no means incredible ; for Suwarrow, 
who defpifea codume, is known to have fought repeatedly in his dart againd the Turks; and he would be as hot 
on the Trebbia as ever he was on the Danube. 
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French The reft of the French army found fafety in the pafles the number of the allies who defended that town ex- French 

Revolution, of the Appennines and the Genoefe territory, after ha- ceeded not zooo men ! Foiled in eleven different at. Revolution» 
1 ving loft on this oecalion, in killed, wounded, and pri- tempts to carry it by affault, one of which was made , ‘ 

foners, not Ids than 17,000 men. during the truce which he himfelf had folicited to bury 
Moreau, in the mean time, had attacked the Au- the dead, he was ultimately obliged to retreat, leaving 

ftrians under General Bellegarde in the vicinity of A- eight of his generals, eighty.five of his officers, and one 
lexandria. Though fuperior to him in numbers, they half of his army behind him. The fuperiority of the 
were completely beaten ; but Suwarrow having return- Britifh over the Corfican hero w'as, during this fiege, 
ed with infinite rapidity after his vi&ory over Macdo- more fully difplayed in condud than even in courage. 

364 nald, the temporary advantage gained by Moreau became The true magninimity evinced by the former ; his tem- 

conTlaints °f n° ,mP?rtance- Suwarrow complained loudly of the perate replies to the audacious calumnies and’atrocious 
of'suwar- condudof the Aulic Councilon this occafion; whilethey, falfehoods of his adverfary ; and the moderation and 
row and in return, imputed their difafter under Bellegarde to his humanity which charaderifed his difpatches, and inva- 
the Aulic unfitilful diftribution of the whole troops, which had riably marked his behaviour to thole whom the fortune 
Gouncil. expofed an immenfe army to great danger from the en- of war fubjeded to his power —give additional luftre to 

terprifes of an handful of men. It is not our bufinefs the brilliant vidory which his valour, his energy, and 
to decide between them. 1 he inftrudions of the his perfeverjnee, fo effentially contributed to fecure. 
Council to Kray not to co operate with the commander But while wre pay a tribute of juftice to the merits of 
in chief of the combined army, feem to us in the high- our gallant countryman, we mull not omit to notice 
eft degree abfurd, if not treacherous ; and we have the high deferts of the brave, the loyal, the virtuous 
heard a general officer, whofe name, were we at liberty Philipeaux, his gallant comrade, the partner of his 
to give it, would do honour to thefe pages, fay, that the toils, and the partaker of his glory. The fin'll of this 
diftribution of the troops, of w'hich that council com- French officer as an engineer was moll fuccefsfully dif- 
plained, was the mod mailerly thing that has been done played in the defence of Acre ; and, indeed, his exer- 
during the war. Be this as it may, a diftruft and mu- tions on that memorable occafion fo far furpaffed his 
tual mifunderilanding thus commenced, or, at leaft, ftrength, that he a&ually perifhed through fatigue. ,66 
made its firft open appearance, which gave good reafon The defeat of Bonaparte at Acre, which effe&ually His vaft 
to lufpe£t that little cordiality of co-operation would flopped his deftru£live career, will be confidered as im-ProjC(^c> 
long exift between thele allies. They continued, how- portant indeed, when it is known that his arts of in-^a^^e ^uc'* 
ever, for fome time to enjoy uninterrupted profperity trigue had fo far fucceeded as to prevail on the nume-Ceeded' 
under the command of Suwarrow. The lieges of the rous tribe of the Drufes to join his flandard with fixty 
different Italian fortreffes were very clofelypreffed. They thoufand men immediately after the redu&ion of that 
all lurrendered in fucceffion ; and the period appeared towm. Had this juinffion been effedled, it was intend- 
fail approaching when it would be in the power of the ed to proceed to Conflantinople, and, after plundering 
allied armies to enter the ancient territory of France. the city, to lay it in allies ! It is fcarcely poffible to 

If we turn our eyes to a different quarter, we fhall calculate the dreadful confequences of fuch an event on 
find the French as much humbled at this time in Pa- the political {late of Europe. If fervices are to be elli- 

365 leftine by Britifh valour, as they were in Italy by the mated in proportion to their effecls, wx know of none, 
Bonapar- united armies of Ruffia and Auftria. The hero of during the prefent war, fertile as it has been in brilliant 
te’s unfuc- France, the conqueror of Italy, the boafted legiflator atchievements, that deferves a higher reward than the 
cefsful at- of Europe, after having defeated the Mamalukes, taken defeat of Bonaparte at Acre. 

Acre!’ poffeffion of Alexandria and Cairo, and profeffed him- During thefe reverfes abroad, France had begun to 
felf a Mahometan in Egypt, led an army into Paleftine fuffer much internal agitation, and the Directory found 
with the avowed purpofe, it has been laid, to take pof- itfelf in a very difficult fituation. The eledions, as 
feffion of Jerufalem, and by rebuilding the temple, and ufual, were unfavourable to them ; and amidil the con- 
refloiing the Jews, to give the he to the prophecies ot tempt with which they now began to be regarded, it 
the Divine founder of the Chriftian religion. At the was no longer poffible to fecure a majority in the Coun- 
head of a chofen band, exceeding 12,000 in number, cils, by unconftitutionalfy annulling the eleftions of their 
and poffeffed of a llaff eminent for military fkill and ex- political opponents. They demanded money, and wrere 
perience, he arrived at the fmall town of Acre, fituated anfwered by reproaches, on account of their profufioo, 
on the fea-coall, 28 miles fouth of T.yre, and 37 north and the rapacity of their agents. The royalifts in the 
of Jerufalem. io this town, which was wretchedly fouth and the weft began to form infurredlions. They 
fortified, and defended only by a fmall garrifon of Muf- were fubdued with much difficulty, on account of the 
felmans, he laid fiege in form ; and the governor would abfence of the troops. The people had totally loft that 
have furrendered unconditionally, had he not been, we enthufiafm which, in the earlier periods of the revolu- 
lay not perfuaded, \)\it decoyed, by an Englifh naval of- tion, induced them to fubmit to fo many evils, and to 
ficer, to make a vigorous refiftance. We need not add, make the moll violent efforts without murmuring. They 
that the naval officer was Sir Sidney Smith, or that beheld the renewal of the war with regret, and were 
the befieging general was Bonaparte. unwilling to affift by their exertions to reftore power 

The ^ command of the garrifon being entrufted and fplendour to the fadlion which had trampled upon 
to Sir Sidney Smith, who was not to be bribed by their freedom. 
French gold, or corrupted by French philofophy, Amidft all thefe difficulties, an event occurred which, 
the hero who, by the aid of thefe allies, had fo quickly for a time, gave the Dire£tory the hope of being once 
routed armies, and conquered Hates in Italy, was de- more able to roufe the dormant energies of their coun- 
tained before the town of Acre fixty-ninc days ; hough trymen. After the defeat of Jourdan, a detachment 
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from the army of the Archduke Charles had occupied 
Raftadt, where the Congrefs (till fat. On the 28th of 
April an order was fent by an imperial officer to the 
French miniliers, requiring them to quit Ralladt in 24 
hours. They demanded a paffpovt from Colonel Bar- 
bafcy, whohad fent theorder; but this be could emigrant, 
none having that power but the commander in chief. 
They declared themfelves determined to depart without 
delay, although the evening approached. They were 
detained about an hour at the gate of the town, in con- 
fequence of general orders which had been received by 
the military to fuffer none to pafs. In confequence of 
an explanation, however, and of the interpofition of fu- 
perior officers, they were allowed to depart. The three 
minilters, Bonnier, Roberjot, and Jean Debry, were in 
carriages. The wife of Roberjot, and the wife and 
daughters of Jean Debry, were along with them ; and 
they were attended by the minifters of the Cilalpine 
republic. When they had advanced to a very fhort 
dillanee from Ralladt, they were met by about 50 
huflars of the regiment of Szeckler, who made the car- 
riages to halt, and advancing to the tirlx of them, con- 
taining Jean Debry, demanded his name. Fie told 
them his name, and added that he was a french mini fie r 
returning to France. On receiving this anfwer, they 
immediately tore him from his carriage, wounded him 
in feveral places with their fab res, and call him into a 
ditch, on the fuppofition. that he was killed. They 
treated in the fame manner the two other ambafiadors. 
Bonnier and Roberjot, whom they murdered upon the 
fpot. They offered no personal violence, however, to 
the reft of the company, who were allowed to return 
to Raftadt ; but they robbed the carriages of whatever 
effedis they contained ; and the papers of the ambaffa- 
dors were conveyed to the Auftrian commander. Af- 
ter the departure ot the fokliers, and the return of the 
carriages to Raftadt, Jean Debry wandered about the 
woods all night, and returned alio to Raftadt on the 
following day. He claimed the papers belongingno the 
legation from the Auftrian commander, but they were 
refilled to be veilored. 

During the whole of the long period that the Con- 
grefs had fat, Raftadt and its vicinity had been occu- 
pied by French troops, and it was only a few' days fince 
the Auftrians had obtained pofteftkm of it. This event 
therefore call, at leaft, a fevere reproach upon the dif- 
cipline of the Auftrian army. It did more ; it made 
every honeft man regret, that troops, engaged in the 
fupport of a good caufe, fhould think to promote that 
cauie by the murder even of the greateft villains. The 
Archduke Chailes made hafte to difclaim all knowledge 
of it in a letter to Maffena ; but the French Directory, 
regarding it as a fortunate occurrence, from its tendency 
to roufe the refentment of the nation, addrefled to the 
two Councils, on the 5th of May, a meflage, in which 
they aferibed it to a deliberate purpofe on the part of 
the Auftrian government to iniult France by the aftaf- 
iination of her ambaffadors. They thus converted the 
private aft of a few defperate individuals into amealure 
of public policy ; as if the death of thofe wretched mif- 
creants could have been of confequence to the enemies 
of the nation. The unpopularity of the Direc- 
tory, however, and the obvious inutility of fo grofs a 
crime, prevented this accufation from obtaining much 
credit, or producing great effefts upon the people. In 

a private letter which a friend of our’s received at that re t ch 
period from the Continent, he was affured that the mur-^■ev<^ut'on> 
der of the envoys “ fait plus dc bruit que de fenfation , 1. 
and that the general opinion was, that the Direftory 
it!elf knew molt of the authors of that crime than the 
Archduke or the Auftrian government. 369 

Upon the introduftion of the new third of this year Diffeniions 
into the Councils, a violent oppofition to the Direftory 111 1 raiice* 
commenced. Sieyes, who was ambaffador at Berlin, 
and who had enjoyed, during the whole progrefs of the 
revolution, a very confiderable influence over all the 
parties that had fucceffively enjoyed the fupreme au- 
thority, was elefted into the Direftory. At the firft 
eftablifhment of the conftitution he had refufed to oc- 
cupy this ftation, and it excited much furprife when he 
readily accepted the office in the prefent calamitous 
ftate of the Republic. His admiffion into the Direc- 
tory, however, did not reconcile the pulic or the tw'o 
Councils to that body. A violent conteft for power 
betwixt the Moderate and the Jacobin parties feemed 
to approach ; but they foon came to a compromife. 
Treilhard was removed from the Direftory, under the 
pretence that he had held an office in the ftate within 
lefs than a year previous to his nomination. Merlin 
and Reveillere were compelled to refign, to avoid an 
impeachment with which they were threatened ; but 
Barras ftill contrived to retain his ftation. Moulins, 
Gohier, and Ducos, men little known, and by no means 
leaders of the contending parties, were appointed Di- 
reftors. The power w'as undei flood to be divided, and 
that neither paity greatly predominated. An attempt 
was made to revive public Ipirit, by encouraging anew 
the inilitution of clubs, which had been fupprefted by 
the Direftory. The violent Jacobins were the firft to 
take advantage of this licence. They relumed their 
ancient flyle, their propofals for violent meafures, and 
their practice of denouncing the members and the 
meafures of government. But the Direftory becoming 
alarmed by their intemperance, obtained leave from the 
Councils to fuppreis their meetings before they were 
able to interelk the public in their tavour. 

Confiderable efforts were now made by the French Warlike ef- 
government to recruit their armies ; but the deranged ^°rts t'le 

ftate of the finances, which the votes of the Councils 
could not immediately remedy, prevented the poffibility 
of their gaining a fuperiority during the prefent cam- 
paign. The difficulty was aifo inertafed by the necef- 
fity of refilling immenfe armies in different quarters at 
the fame time, France being affailed at once on the fide 
of Holland, Switzerland, and Italy. Such, however, 
were the exertions of the Direftory, that they feemed 
not deftitute of the hope of being able fpeedily to af- 
furae, on the frontier, a formidable, and even menacing 
pollure. In the beginning of Auguft, their Italian 
aimy amounted to 45,000 men. The different bodies 
of troops of which it confifted had been drawn to- 
gether, and concentrated nearly in the fame pofitions 
which Bonaparte had occupied before his battles of 
Montenotte and Millefimo, The command of the joi.beit 
whole was given to Joubert, a young man, who had afi,imcs ^ 
been much diifinguifhed under Bonaparte ; and who, comniai‘^ 
in the ftyle of gafeonade employed by that general, 
affuved his government of victory, declaring, that lie 
and Suwarrow fhould not both furvive the firft battle. 
In this boufting declaration he Teems to have been in 

earneft : 

in Italy. 
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French earneft ; for, on taking the command, he prevailed with 

Revolution,2yjoreau (;0 remain in the army as a volunteer till the 
t^9' firlt battle fhould be fought. The allies had now ta- 

ken Turin, Alexandria, Milan, Pcfchiera, and Ferrara, 
with a rapidity which would lead one to fuppofe that 
fonie new mode had been invented of materially abrid- 

Succeffes ofging the duration of lieges. The ftrong citadel of 
the allies. Turin opened its gates, to the aftonilhmeut of Europe, 

after a bombardment of only three days ; the citadel of 
AleXandria furrendered to the Auftriau General Belle- 
garde, on the 22(1 ol July, after a liege of fever days ; 
and the Hill more important fortrefs of Mantua fur- 
rendered to the brave General Kray, on the 29th of 
the fame month, after a fiege of only fourteen days. 
The garrifon of Aleffandria amounted to 2400 men ; 
that of Mantua to 13,000. The former were detain- 
ed prifoners of war, and the latter were allowed to re- 
turn to France on parole; a parole which the 
commanders of the allied armies could not realonably 
expcA to be kept. This has given rife to a fufpicion, 
that the fortrefs was voluntarily furrendered to the Au- 
itrians, in order that the Directory might recruit its 
armies with the garrifon. 

The allies next began to befiege Tortona, and Jou- 
bert refolved to attempt its relief. He hoped to ac- 
complilh this objeft, and to gain fome advantage over 
their army, before General Kray could arrive to the af- 
fiftance of Suwarrow with the troops that had been 
occupied in the liege ol Mantua. On the 13th of Au- 
gull the French drovfe in the whole of the Andrian 
pods, and took pofleflion of Novi. Here they encam- 
ped on a long and deep, but not high, ridge of hills, 
with their centre at Novi, their right towards Sera- 
valle, and their left towards Bafaluzzo. On the 14th 
they remained quiet ; and on the 15th they were at- 
tacked by Suwarrow, whofe army was now reinforced 
by the arrival of General Kray from Mantua. The 
right wing of the allied army was commanded by Kray, 
its left by Melas, and its centre was occupied by the 

573 Ruffians, under Prince Pongrazion (Pracration) and 
Suwar- Suwarrow in perfon, The attack began at 5 o’clock 

tory over “l morni"ng> and was continued during many hours. 
Jouhert, Soon after the commencement of the battle, while the 
who is French commander in chief, Joubert, was urging his 
killed. troops forward to a charge with th<* bayonet, he recei- 

ved a mufquet Ihot in his body, and, falling from his 
horfe, immediately expired. Moreau indantly refumed 
the command. After an obftinate contelf, the allied 
army gave way, and was compelled to fall back in all 
quarters. The attack, however, was repeatedly re- 
newed, and much blood was fhed. From the obitinate 
manner in which they fought, the Ruffians, in parti- 
cular, fuffered very feverely. They made three unfuc- 
cefsful efforts againft the centre of the Frencli army, 
and on each occafion thofe immediately engaged were 
rather deftroyed than repulfcd. The lalt attack along 
the whole line was made at three in the afternoon. 
The French remained unbroken ; and the day mult 
have terminated in the defeat of the allies, had not Ge- 
neral Melas fucceeded in turning the right flank of the 
French line. Their right wing was thus thrown into 
confulion. Melas purfued his advantage till he obtain- 
ed poffeffion of Novi, and the whole French army made 
a rapid retreat under the direction of Moreau. 

According to the accounts given by the Auftrians, 

the French loft in this battle 4000 killed and an equal French 
number taken prifoners. They acknowledged their^ev0“,,r‘0®* 
own lofs in killed to be equal to that of the French, . 
but the lofs fuftained by the Ruffians was never pub- 
lifhed. The general refult of the battle was the total 
ruin of the French affairs in this quarter. The allies 
retained their decided fuperionty ; and there was' no 
enterprife which,, on the prefent theatre of the war, 
they might not have ventured to undertake. The 
French renounced all hope of defending Genoa, and 
prepared to evacuate that city and its territory. The 
Directory expedted an immediate invaiion of the fonth 
of France, and addreffed a proclamation to the people, 
urging them to adt with iirmnefs and energy amidit the 
calamities with which the copntry was now menaced. 
But thefe apprehenlions vyere unneceflary. The court Unaccoun- 
of Vienna had other objedls in view that were lefs dan-tahle con- 
gerous to their enemy. They neither invaded Genoatllc 

nor France, but quietly proceeded in the fuge of Tor- U1£S* 
tona. The vanquilhed army was furprifed to find itfelf 
unmolefted after fuch a defeat ; and in a few days ven- 
tured to fend back parties to inveftigate the movements 
of the allies. The new Commander Championnet, who 
had fucceeded Joubert, found to his no fmall aftonilh- 
ment that they had rather retreated than advanced ; and 
he immediately occupied the fame pofitfons which his 
army had held before the battle of Novi. 

Inifead of purfuing the advantages they had gained 
in Italy, the Aulic council, or council of war at Vien- 
na, now perfuaded Suwarrow to leave that country 
with his Ruffians, and to fet out for Switzerland to 
drive the French from thence. In the early part of 
the campaign, the Archduke Charles had fucceeded, 
after various attacks, in driving the French from the 
eaftern part of Switzerland beyond Zurich, of which 
laft city he retained poffeffion. The Diredory, how- 
ever, had lent their new levies chiefly towards this quar- 
ter ; fo that in the middle of the month of Auguft Maf- 
fena’s army amounted to 70,000 men. The Archduke 
was now fo far from being able to purfue the advanta- 
ges he had gained, that of late the French had refu- 
med the offenfive, and threatened to endanger his poli- 
tion. Their right wing under Lecourbe had even fuc- 
ceeded in taking poffeffion of Mount StGothard, which 
is the great pafs that leads from the centre and eaftern 
part of Switzerland into Italy. The cabinet of Vien- 
na probably wiihed to throw the fevereft duties of the 
war upon their northern affociates. The veteran Suwar-sUWa

3
rro'V 

row had never, during his loifg military career, fuffered leaves Ita- 
a Angle defeat. His prefumption of fuccefs was there-1)'antl 

fore high ; aud he perhaps felt himfelf not a little flat-^^^3 t0 

tered by the requeft to undertake an enterprife in which iaa(3, 
the Auftrians had failed, though led by their mo ft for- 
tunate commander. It is indeed certain that he con- 
fidered himfelf as called out of Italy too foon. Though 
confident of being properly fupported, he agreed to 
proceed with his troops from Piedmont to Switzerland, 
where another Ruffian army had lately arrived. De- 
lays however were thrown in his way. Tortona did 
not fall quite fo foon as was expe&ed ; and when lie 
was ready to march, the Aullrian commander in Italy 
refnfed to fupply him with mules for the traufport 
of his baggage. Unable to reply to the indignant expof- 
tulations of the Ruffian hero, this man defeended to a 
pitiful falfehood, by affuring him that he would find a 

3 K 2 fufficient 
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French fufficknt number of mules at Bellinzone, where, when vent of Far, which is 
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Revolution, jie avrjvcd, not one was to be had. He had now no 
. other refource but to difmount the cavalry, and em- 

ploy their horfes to drag along the baggage. Under 
all thefe difficulties, he arrived, by forced marches, on 
the confines of Switzerland, on the day appointed by 
him and the Archduke ; but the Andrian cabinet had, 
in the mean time, taken a dep which made all his ex- 
ertions ufelefs. 

Thinking it degrading to a Prince of the Imperial 
houfe, who had fo long held the highed military rank, 
to ferve under the Ruffian General, and not having the 
confidence to require the mod experienced leader in 
Europe to receive the orders of a man fo young as the 
Archduke, they lent that prince with his army to at- 
tack the French, who, in a fmall body, had entered in- 
to Swabia. He began accordingly to draw off his 
troops in the beginning of September, before Suwar- 
row was in readinefs to leave Italy. The number which 
he took with him has been differently edimated, the 
lowed computation dating it at 48,000, and the highed 
at 60,000. The former is the mod probable; fince it 
is well known that 20,000 would have been fully ade- 
quate to the purpofe for which he marched. The ar- 
my which he left behind him is more perfectly afeer- 
tained : it confided of 21,000 Ruffians, 18,900 Auf- 
trians, Bavarians, and other auxiliaries, forming a total 
of 39,900 men. 

Upon what principle of military taftics the Aulic 
council could fuppofe that a Ikilful and intrepid com- 
mander like Maffena, with a force nearly double that of 
the allies, would remain in a date of inaftivity, it is not 
eafy to conceive. He perceived at once the advantage 
which might be derived from this unaccountable move- 
ment of the Archduke. The French troops in Swabia 
were therefore ordered to advance rapidly, and to threa- 
ten the rear of the Archduke’s army. As the repulfe 
of thefe troops and the invafion of France towards Al- 
face, formed a part of the Audrian commander’s plan 
of operations, he marched againd them with his army. 
The French made as much refidance as the fmallnefs of 
their force would permit. The Archduke however, 
gradually drove them towards the Rhine. The better 
to carry on their plan of deception, they made a ferious 
Hand in the neighbourhood of Manheirri, and were de- 
feated with the lofs of 1800 men. The Audrians en- 
tered Manheim, and feemed ready to crofs the Rhine in 
this quarter. 

All this while Switzerland was left completely ex- 
pofed to the enterprifes of Maffena. General Hotze, 
with the Auftrians, occupied the right wing of the al- 
lied army there. The newly arrived Ruffian army was 
dationed in the centre at Zurich under the command 
of General Korfakof; and the left, confiding chiefly of 
Bavarians and other troops of the empire, was com- 
manded by Nauendorf. . Maffena remained quiet till he 
learned that the Archduke had entered Manheim, and 
that Suwarrow, having taken Tortona, was on his 
march towards Switzerland by Mount St Gothard. 
This laft pofition was defended by Lecourbe; and Maf- 
fena refolved, in the mean time, to anticipate the ar- 
rival of Suwarrow. On the 24th of September, ha- 
ving drawn the attention of the Ruffians to another 
quarter by a falfe attack, lie fuddenly croffed the Lim- 
mat, a river which divided the two armies near the con- 
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rich. A part of the Trench troops engaged the Auf-^■evo^ut’oa3 
trians, while the greater part of the army marched a- , I7"' 
gaind the Ruffians at Zurich. The Audrian General V 

Hotze was killed in the commencement of the action. 
General Petrarch, who fucceeded him in the command, 
contrived to avoid a total rout, and retired during the 
night with the lofs of about 4000 men. The conteft 
with the Ruffians was fingularly obdinate. In a moun- 
tainous country, to which they were firangers, and con- 
tending againd the mod fkilful military leaders that the 
fouth of Europe had been able to produce, they la- 
boured under every difadvantage. They could not be 
put to flight however; and even when different divi- 
lions of them were furrounded, they refufed to lay down 
their arms, and were flaughtered upon the fpot. By 
the retreat of the Audrians on the evening of the 25th, 
they found themfelves on the 26th nearly furrounded 
in Zurich. They now began to retreat alfo ; and we 
are only furprifed at the ability of the Ruffian General 
in effeding his retreat in fuch good order, and with 
fuch little lofs; for if the official accounts deferve cre- 
dit, his lofs in killed, wounded, and taken, did not ex- 
ceed 3000 men. He was obliged, however, to aban- 
dun his baggage and cannon to the enemy. 

During thefe operations, Suwarrow was advancing Suwa*. 
on the fide of Italy with an army rated, in fome ac-row s 

counts, at 18,000, in others at only 15,000 ; and for-march* 
cing the French from their drong pofitions on Mount 
St Gothard, defeended, on the very day on which Maf- 
fena made his general attack, into the valley of Urfe- 
ren ; and driving Lecourbe before him, with confider- 
able flaughter, advanced as far as Altorf. He even 
penetrated on the next day into the canton of Claris, 
and took 1000 of the French prifoners; while the Ruf- 
fian General Rofemberg was equally fuccefsful in the 
canton of Schwitz, where General AufFenberg had ef- 
fected a junction with him; and General Linken de- 
feated and took another corpe of French, confiding of 
1300 men. 

Maffena, however, now turned upon the Field-mar- Histdrui- 
ffial with the greater part of his army ; and, by hem-rable con- 
ming him in on all fides, expeCted to have made him, <iu<d* 
and the Grand Duke Condantine*, prifoners. Suwar- 
row, however, defended himfelf againffe every attack 
with unexampled vigour and addrefs. A fingle pais 
among the mountains was all that remained unoccupied 
by the French. He difeovered this circumdance, and 
efcaped, though clofely purfued. He lod his cannon, 
baggage, and provifions, among the dreadful moun- 
tains and precipices with which that country abounds. 
He made his way, however, eadward through the Gri- 
fon country, and at length arrived at Ceire with about 
6000 men in great didrefs.. 

Nothing could exceed the indignation of this old 
warrior when he difeovered the manner in which affairs 
had been conduCled, the hazardous date in which the 
Ruffians had been abandoned by the Archduke, and 
the confequent ruin which they had encountered. HeHIg

3^j. 
confidered himfelf and his countrymen as treacheroufly nation 
expofed to dedruClion ; he loudly complained of the the court 
Commander of the allied forces in Switzerland;, pub-^k11118* 
licly taxed the Council of Vienna with felfiffinefs and 
injudice ; and refufed all farther co-operation with the 
Audrian army. He fent an account of the whole tranf. 

adlion 
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French a&i’on to St Peterfburgh in a letter, of which the com- 

Revolution,p0fltfon would do honour to the finetl writer of the age, 
, '’W' an(i withdrew with his troops to the neighbourhood of 

-So Auglburg to wait tor farther orders. 
Invafion of In the mean time, Great Britain prepared to invade 
Holland. Holland with an army of 40,000 men, confiding of 

Britith troops and Ruliian auxiliaries. The firft divi- 
fion under General Sir Ralph Abercromby, faded in 
the month of Auguit, under the protection of a fleet 
commanded by Admiral Lord Duncan. Bad weather 
prevented a landing from being attempted till the 27th. 
On the morning of that day the troops landed without 
oppofition upon the {bore of Helder Point in north 
Holland, at the entrance to the Zuyder Sea. They 
had not been expected in this quarter, and the troops 
in the neighbourhood were confequeutly few. The 
Britilh, however, had no fooner begun to move forward, 
than they were attacked by a conliderable body of in- 
fantry, cavalry, and artillery, who had been hallily af- 
fembled from the neared towns. The Dutch troops 
maintained the conteil with much obllinacy ; but they 
were gradually fatigued by the deady oppofition they 
encountered, and retired to the didance of two leagues. 
In the night they evacuated the fort of Helder, ot w hich 
the Britilh took poffefilon on the morning of the 28th. 
A detachment from the Britilh fleet, commanded by 
Vice Admiral Mitchell, now entered the Zuyder Sea 
by the drait of the Texel, to attack the Dutch fleet 

Capture of under Admiral Story. This lad oflicer, indead of re- 
the Dutch tiring for fafety to any of the ports, or to the fhallow 
^eet* water with which that fea abounds, furrendered the 

whole fleet on the 30th of Augud without firing a 
gun, under pretence that his feamen were mutinous, 
and would not fight. 

Had the expedition terminated here, it might have 
been regarded as extremely fortunate, and as edablifhing 
the power of the Britilh navy without a rival. But it 
was refolved to follow up this firil fuccefs by an effort 
on land to redore the authority of the Stadtholder, and 
the ancient government of the United Provinces. Many 
circumdances were hodile to this enterprife. The whole 
army had not been fent at once from Britain. As no 
more than the fird divifion had arrived, the troops could 
only red upon the ground they had gained till rein- 
forcements Ihould be fent. The terror arifing from the 
tird appearance of an invading army was thus allowed 
to pafs away, the enemies of the prefent Dutch govern- 
ment were difcouraged, and leifure was afforded to a- 
dopt effectual meafures of defence. The place where 
the landing was effected was well chofen for an attack 
upon the Dutch fleet ; but for an invafion, with a view 
to the refforation of the Stadtholder, it was the word 
that could have been feledted. North Holland, at the 
extremity of which it was made, is a narrow peninfula, 
everywhere interfered by canals and ditches, of about 
40 miles in length. Here the invaders might be de- 
tained, and even fuccefsfully refided, by a force greatly 
inferior to their own. This alfo is the quarter of the 
country the mod unfavourable to the caufe of the Stad- 
tholder. In Zealand, where his edates are fltuated, 
and in Rotterdam, which is full of Scotchmen and of 
families of Scottifh extraftion, his friends are numerous 
and powerful; but in Amderdam, and in North Hol- 
land, which is under its influence, his enemies abound, 
and the refidance to his power has been very great du- 

ring every period of the Dutch hidory. When to all French 
this it is added, that the rainy feafon was approaching, R'evo'un°r^ 
and that a winter campaign in Holland is aimed impel- 1,?^ 
Able, it will not appear furpriling that this expedition 
was attended with little ultimate fuccefs. It is laid that, 
amkifl the preffure of the many difficulties which fur- 
rounded them, the French Directory hefitated much 
about undertaking the defence of Holland ; but the 
place, and the time of landing the invading army, at 
once brought them to a determination. General Brune 
was fent thither, with whatever troops could be hafiily 
colledted, to fupport the Dutch General Daendels. 3S2 

General Abercromby, in the mean time, remained Fro^refs of 
upon the defenfive at Schager Brug, waiting for rein-^e*nva‘ 
foicements. - His inactivity encouraged the enemy on 
the 10th ©f September to venture an attack upon hia 
pofition. They advanced in three columns, two of 
which confifted of Dutch and one of French troops. 
They were repulfed, however, in all quarters, and re- 
tired to Alkmaer. On the 13th the Duke of York ar- 
rived with additional troops, and affumed the chief com- 
mand. The Ruffian auxiliaries having alfo arrived, of- 
fenfive operations were immediately refiplved upon. On 
the 19th the army advanced. General Abercromby 
commanded the left, which proceeded along the Ihore 
of the Zuyder Sea againfl: Hoorne. The centre co- 
lumns were commanded by Generals Dundas and Pult- 
ney ; and the right wing, conlifting of Ruffians, was 
commanded by their own General D’Herman. In 
confequence of fome itrange mifunderftanding, the Ruf- 
fians advanced to the attack foon after three o’clock in 
the morning, which was fome hours previous to the 
movement of the reft of the ai mv. They were fucceis- 
ful in their firft efforts, and obtained poffeffion of the 
village of Bergen ; but preffing eagerly forward, and 
being unfupported by the other columns, they were 
nearly furrounded. Their commander was taken pri- 
foner ; and though the Bvitifh came in time to prote£l 
their retreat, they loft at leaft 3000 men. This failure 
on the right obliged the Britiffi Commander in Chief to 
recal his troops from the whole advanced pofitions they 
had gained, though General Abercromby had actually 
taken Hoorne with its garrifon, and although General 
Pultney’s column had carried by a {fault the principal 
pofition of the Dutch army, called Ourds Carfpel. 

The feverity of the weather prevented another at- 
tack till the 2d of Oftober, when, after an engagement 
that lafted from fix in the morning till the fame hour in 
the evening, the Britiflt army fucceeded in driving the 
united Dutch and French troops from Alkmaer and the 
villages in its neighbourhood. The conteft was chiefly, 
conduced among the fund hills in the vicinity of the. 
ocean; and the battle was maintained with fuch obfti- 
nacy, that the fatigue of the troops, together with the 
difficult nature of the country, prevented the Britifh 
from gaining any great advantage in the purfuit. The 
retreating army immediately occupied a new pofition 
between Baverwyck and Wyck op-zee. The Duke of 
York once more attacked them on the 6th ; and after 
an obftinate and bloody engagement, which was main- 
tained till night, he remained in poffeffion of the field , 383 
of battle. But this was the laft fuccefs of the inva-^^.^^ 
ders. Finding himfelf unable to make farther progrefs,arKUhe in- 
in confequence of the increafing numbers of the enemy, clemency 
the impracticable nature of the country, and the badnefs°J[the wea" 
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-c' ch of t1ie wcatlier, which, during the whole of this year, 

Revolution,.^38 unufiialiy fevere, the Duke of York retired to 
/Schager Brug, and there waited for orders from Eng- 
land to return home. He was, in the mean time, close- 
ly prefied by the United Dutch and French forces, hr 
that his embarkation mtift have been attended with 
much hazard. He therefore entered into a convention 
with'the French and Dutch generals; by which it was 
agreed, that they (hould no farther moleil him in his 
retreat, and that, in return, he Ihould not injure the 
country by breaking down any of the dykes which pro- 
tect it againit the lea, and that Great Britain fhotild 
reftore to France and Holland 8000 prifoners of war, 
taken previous to the prefent campaign. 

In confequence of thefe events, the affairs of France 
now began to affume a lefs unfavourable afpedl They 
were indeed driven to the extremities of Italy, Cham- 
pionet was defeated in every effort which he there 
made againfl the Auftrians during the reft of the year, 
and Ancona, which was the laft place of any ftrength 
poffeffed by the French, alfo furrendered on the 13th of 
November to General Frolich; but they retained the 
Genoefe territory, and Switzerland and Holland conti- 
nued under their power. The new coalition againft 
them feemed once more ready to diflblve. From the 
commencement of the French Revolution, a fpirit of 
ftlfifhnefs had mingled with all the efforts made by the 
continental powers of Europe againft it, and had ren- 
dered them fruitlefs. To prevent the aggrandifement 
of Auftria, Pruffia had early withdrawn, and flill flood 
aloof. Spain and Holland were retained under the in- 
fluence of France by the efforts of her arms, and by 
the univerfal diffufion of her wild principles among the 
people. Even the Britifh cabinet, which of all the 
European powers has remained molt true to the ori- 
ginal purpofe of the war, fometimes forgot that objeil. 
Thus, when invading Holland, the Dutch were inform- 
ed, by a proclamation, that their ancient government 
was to be reftored ; but no offer was made to reftore 
their diflant poffeffions. Of all the coalefced powers, 
however, Auftria purfued her feparate interefts with 
the leaft difguife. With much facility fhe relinquifh- 
ed the Netherlands, and fuffered the principal bulwarks 
of Germany, Mentz, and Ehrenbrcitftein, to fall into 
the hands of the French, upon obtaining in exchange 
the Venetian territories, which Bonaparte had con- 
quered, and thought himfelf authorifed to fell. Du- 
ring tiie prefent campaign, the whole conquefts made 
by the united efforts of the Auftrian and Ruffian forces 
were feized by Auftria in her own name, and none of 
the princes of Italy obtained leave to refume the go- 
vernment of their own territories. This condudl on 
the part of the allies gave every advantage to the 
French. They broke off the negociations at Lifle, un- 
der the pretence of defending the Dutch and Spanifh 
fettlements which the Britifh government refufed to re- 
linquifh. They found it eafy tef alarm the King of 
Prufiia, by difplaying the unbounded ambition of the 
houfe of Auftria ; and the Emperor of Ruffia, having 
publicly declared to the members of the German em- 
pire, that the purpofe for which he had taken up arms 
was not to dilmember France, hut to reftore peace to 
Europe, became jealous of the Court of Vienna, when 
he law it purfue a conduct fo very different. This jea- 
loufy v/as encreafed by the misfortunes of the Ruffian 
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troops ; and all circumftances feemed now to promife French 
that the new coalition would fpeedily be deferted by itsRevuiutkn, 
northern auxiliary. 1799- 

While affairs were in this flatc, an event occurred 
which exhibited the French Revolution under a new Bonaparte 
afpeft. When Bonaparte found himfelf compelled tovan(luil',« 
retreat baffled and dilgraced, from the ruins of Acre, !^e ,I'ulks 

he learned that a Turkifh army was ready to invade1 * 
Egypt by fea. Pie returned, therefore, with his ufual 
celerity, by way of Suez, acrofs the defart of Arabia 
Petrea, which divides Syria from that country, and was 
in the neighbourhood of the Pyramids on the nth of 
July, when an army of 18,000 Turks landed from 100 
ihips at Aboukir. They took this fort by afiault, and 
gave no quarter to the French garrifon of 500 men 
that it contained. On the 13th, Bonaparte began to 
march down the country againft them. On the 25th 
he came in fight of them, at fix o’clock in the morning. 

It is not wonderful that thofe barbarians afforded 
him an advantage which had fo often been prefented 
by the armies of Auftria. They had divided their force 
into two parts, which were encamped «n the oppofite 
fides of a beautiful plane. He had now formed a con- 
fiderable body of cavalry, by obtaining for his men fleet — 
horfes from Arabia. Thefe advanced rapidly into the 
centre of the Turkifh army, and cut off the communi- 
cation between its different parts. His infantry then 
attacked the right, which was the weakeit divifkm of 
the Turks. They being fpeedily panic ftruck, attempt- 
ed to fly to their (hips, and every man was drowned in 
the fea. The left divilion of the Turks was next at- 
tacked. It made a more obflinate reliftance, but was 
foon alfo put to flight. Some call themfeives into the 
fea, and peri/hed in attempting to reach the boats of 
their fleet ; the reft took refuge in the fort of Abou- 
kir. The news of this battle reached France towards 
the end of September, and revived the memory of Bo- 
naparte’s vidlories, contrafted with the reverfes which 
the Republican armies had lately experienced. On the 
10th of October a dilpatch was received from him by 
the DireClory, and read to the Councils, giving an ac- 
count of the capture of the fort of Aboukir, with the 
whole remains of the Turkifh army. On the 14 th of Arrives 
the fame month a meffage from the Diredory announ-with his . 
ced, to the aftonifhment of all men, that Bonaparte,Pri.nciPai 

along with his principal officers, had juft arrived inp®^*1* 
France, and that they left the army in Egypt in a ranCC* 
profperous ftate. This laft part of the meffage was 
foon afterwards proved, by the intercepted letters of 
Kleber, and the other generals left behind, to be a fcan- 
dalous falfehood. In one of thefe letters, Poufftelgue 
fays, “ Every vidory carries off fome of our beft troops, 
and their lofs cannot be repaired. A defeat would an- 
nihilate us all ; and however brave the army may be, it 
cannot long avert that fatal event.” 

Bonaparte, however, was received at Paris with di- 
ftindion, though nobody could tell why he had defert- 
ed his army and come thither. The parties in the go- 
vernment were equally balanced ; and both the Jaco- 
bins, and what were called the Moderates, folfcited his 
afliftance The Jacobins ftill pofl'efied a majority in the 
Council of Five Hundred ; but in the other Council 
their antagonifts were fuperior. The Diredor Sieyes 
was underftood to be of the party of the Moderates ; 
and the Jacobins had of late unfuccefsfully attempted 

to 
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French to retnovc him from ln'3 office, under the pretence that 
Revolution, the interval appointed by the cpnllitution had not elap- 

,799- fed between his going out of the Council of Five Hun- w--v jrej ailh jiis election to the office of director. Neither 

French 

party was fatisfied with the exifting authorities ; but 

1*7' 
And feizes 
the reins 
of govern- 
aienc. 

none of the uftial indications of approaching lioftilities 
appeared. The Jacobins were far from fufpecting that 
Sieyes had a plot ripe for execution, which was to 
overwhelm them in an inftant. They were even in fome 
meafure laid afleep by an artful feene of fellivity, in 
which the whole members of the Councils were indu- 
ced to engage, on the 6th of November, under pretence 
of doing honour to the arrival of Bonaparte. On the 
morning of the 9th, one of the committees of the Coun- 
cil of Ancients, called the committee of Jnfpe&ors of 
the Hall, prefented a report ; in which they afferted 
that the country was in danger, and propoled to ad- 
iourn the fitting of the legiflature to St Cloud, a village 
about fix miles from Paris. We have already mention- 
ed, that the conftitution entrulled to the Council of 
Ancients the power of fixing the refidence of the legif- 
lative bodies, and that this Council could in no other 
cafe afinme the initiative, or propofe any law ; their 
powers of legiflation being otherwife limited to the un- 
conditional approbation or difapprobation of the decrees 
paired by the Council of Five Hundred. The Council 
of Ancients now fuddenly decreed, that both Councils 
fhould meet next day at St Cloud. As the Council of 
Five Hundred had no conilitutional right to difpute 
the authority of this decree, and as the ruling party in 
it was completely taken by furpi ife, its members filently 
fuhmitted, and both Councils aifembled on the 10th of 
November at the place appointed. 

The Council of Five Hundred exhibited a feene of 
much agitation. They received a letter from Legarde, 
fecretary to the Dire&ory, dating, that four of its 
members had font refignations of their offices, and that 
the fifth (Barras) was in eultody by order of General 
Bonaparte, who had been appointed commander of their 
guard by the Council of Ancients. While the Coun- 
cil were deliberating, Bonaparte entered the hall, at- 
tended by about twenty officers and grenadiers. He 
advanced towards the chair, where his brother I.ucfen 
Bonaparte fat as prefident. Great confulion tniued ; 
he was called a Cromwell, a C.efar, an ufurper. The 
members began to prefs upon him, and his countryman 
Arena attempted to ftab him with a dagger. He was 
vefeued by his military eicort. Tncien Bonaparte then 
left the chair, and call afide the badge of office which 
he wore as a member of the Council. The confufion 
did not diminifh ; but in a fhort time a party of armed 
men rufhed into the hall, and carried off Lmeien Bona- 
parte. A tumultuous debate now began ; in which it 
was propofed that Bonaparte ffiouH be declared an out- 
law. The debate was loon terminated, however. The 
doors of the hall were once more bur 11 open. Military 
mulic was heard; and a body of troops proceeding into 
the hall in full array, the members were compelled to 
difperfe. The Council of Ancients, in the mean time, 
fetting afide the corvftitntion, pa(Ted*a variety of de- 
crees. They abolifhed the Directory, and appointed 
in its Head an Executive Commiiiion ; to confilt of Bo- 
naparte, Sicyes, and Roger Dueos, under the appella- 
tion of Confuls. They adjourned the fittings of the 
iegifiative bodies till the 20th of February, and appoint- 

ed two committees, confitting of twenty-one members, 
feledted from each of the two councils, to aft as legilla-ReJ0^tion,‘ 
tors in the mean time. They alfo expelled a great num- > ‘V --■ 
her of members from their feats in the councils. 

Moll of the members of the Council of Five Hun- 
dred returned to Paris, after having been driven from 
their hall by the military; but a part of them remained - 
at St Cloud, and, on the evening of the fame day, con- 
firmed all the decrees of the Council of Ancients. The 
new government entered upon its funftions at Paris on 
the following day. That city remained tranquil, and 
the public funds even rofe upon the occafion. On the 
17th of November the confuls decreed the tranfporta- 
tion of a great number of the leading Jacobins and zeal- 
ous republicans to Guiana, and ordered many others to 
be imprifoned ; but thefe decrees were fpeedily t^called, 
and affairs went on as quietly as if nothing unufftal had 
occurred. 388 

While Bonaparte was thus obtaining boundlefs per- Motions of 
fonal aggrandifement in Europe, the African expeditionTippooSuU 
in which he had been engaged was utterly unfticcefsful ta.n 111 In' 
in all its objefts. The circumftances which led to it, 
fo far as concerned foreign nations, now came to light, 
and were fhortly thefe : Tippoo Sultan, the fan and 
fiicceflbr of the celebrated Hyder Ally, and love reign 
of the Myfore country, which forms a part of the pe- 
ninfula of India, had been compelled to conclude a 
treaty of peace in the year 1792 with the Britifh go- 
vernor general, Lord Cornwallis, under the walls of 
Seringapatam his capital. By this treaty he refigned’ 
to the invaders a part of his territory, and agreed to 
pay a large fum of money. He was, moreover, under 
the humiliating neceffity of confenting that two of his 
fons ffiould be delivered as hoffages, to remain with the 
Britiffi till the pecuniary payments could be completed. 

A war thus concluded could not become the founda- 
tion of much cordial amity between the parties. Tip- 
poo had inherited from his father a deep fentiment of 
hoffility againlt the growing power of Britain in India. 
Though he fubmitted on the occafion now mentioned 
to the neceffity of his circumftances, yet he only waited 
a more fortunate opportunity to endeavour to recover 
what he had loft ; and even, if poffible, to accomplifh 
the favourite object of all his enterprifes, the complete 
expulfipn of the Britifh from India. At a former pe- 
riod, almoft the whole of the native princes of this vail 
continent had entered into a combination againfl the 
power of Britain ; but their defigns had been defeated 
by the talents and exertions of Warren Haflings, Efq. 
The afcendency of the Britifii government in this quarter * 
was" now fo great, that no fiich combination could again 
be formed, and Tippoo felt that its power could only be 
fhaken by tire aid of an European army. France was 
the only country from which he could hope to obtain 
an adequate force. By the events of the revolution, how- 
ever, and by the preffure of the war at home, the rulers 
of France had been prevented from attending to diftant 
views and interefts. Their fettlements in India had 
been feized by the Britifh, and they had ceafed to re- 
tain any poffcffions beyond the Cape of Good Hope, 
excepting the iflands of Mauritius and Bourbon, in He renews 
the year 1797, Tippoo refolved to endeavour to renew his Jmcr-. 
his intercourfe with the French by means of thefe ifhmds. vv ^ 
One Repaud, who had once been a lieutenant in the * L 1 

French navy, and had refided for fome time at Serin- 
gapatam, 
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French gapatarn, had mided Tippoo into w.„v ...v, 

Revo'unon,p'renc^ had a great force at the Mauritius, which could 
»„■ 'immediately be fent to his aid in cafe of a war. He 

therefore fitted out a Hup, of which he gave the com- 
mand to Ripaud, and fent two perfons in it as his mi- 
F.iflers, with powers to negociate with the French lead- 
ers at the Mauritius. But, at the fame time, to avoid 
exciting the fufpicions of the Britifh government in his 
neighbourhood, he directed his melfengers to aiTume 
the character of merchants, to aft in that capacity in 
public, and to conduct their political negociations with 
ftcrecy. i hey arrived at the Mauritius towards the 
ciofe of the year 1797, and opened their propofals to 
Malartic tne governor, for an alliance between Fippoo 
and the French nation, with the view of obtaining the 
aid of an European army. They were received with 
great joy, and veifcls were inftantly difpatched to France 
to communicate their propofals to the Direftory. 

In the mean time, Malartic the governor of the Mau- 
ritius, from folly, from treachery, or from a defire to 
involve Tippoo, at all hazards, in a quarrel with the 
Britifh, took a Hep which ultimately was in a great 

390 meafure the means of defeating the plans, and accom- 
His con- plifhing the ruin of that prince. On the 30th of Ja- 

ed bvTheh' nuary r79^’ Iie putdifred and diHributed a proclama- e v ' e tion, in which he recited the whole private propofals of 
Tippoo, and invited all French citizens to enlill in his 
fervice. Copies of this proclamation were fpeedily con- 
veyed by different veflcls, touching at the Mauritius, 
to the continent of India, to Britain, and to all quar- 
ters of the world. Accordingly, as early as the 18th 
of June 1798, the fecret committee of the Court of 
Directors of the EaH India Company in London wrote 
to their governor general in India, requiring him, in 
confequence of this proclamation, to watch the conduct 
of Tippoo, and even to engage in hollilities, if the mea- 
fure fhould appear neceffary. Before that period, how- 
ever, the government in India had been alarmed, by the 
fairne means, and was making preparations for war. 
This, however, was no eafy matter. It is the nature 
of European power, in thefe countries, gradually to 
decline. The nature of the climate, the view of re- 
turning home, and the diftance from the feat of govern- 
ment, fpeedily introduce a relaxation of the efforts and 
the vigilance by which dominion was originally acqui- 
red. The troops require to be continually renewed by 
levies from the parent country ; and if this precaution 
is negledled for a very fhort time, or negligently at- 
tended to, they become unable to protect the extenfive 
territories fuch as Britain now poffeffed in India. When 
Lord Mornington, the governor-general, enquired into 
the ftate of the Britilh army at Madras, and whether 
he might hazard an offenfive war againlt Tippoo ; he 
was informed that three, if not fix months would be 
neceffary to affemble the fcattered diviiions of the army, 
and to prepare them to defend their own territory. It 
was added, that fuch was the feeble ftate of the Britifh 
forces in that quarter, that it might even be unfafe to 
excite fufpicion in Tippoo. by military preparations, as 
he might, in that cafe, ruin them by a fudden attack. 
Lord Mornington, however, refolved to encounter every 
hazard, and ordered immediate and adfive preparations 
in every quarter. 

In the mean while, Tippoo did not truft for fuccefs 
tp the aid of France alone. He endeavoured to bring 
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belief that the an attack npon the Britifh and their allies, or fabjecFs 

in India, from the north weft, by inviting Zemaun 
Shah to invade the country. This prince is at the 
head of a formidable kingdom, made up of provinces 
torn fiom both Periia and India. It was founded about 
fixty years ago by Ahmed Khaun Abdalla, an Affghati 
chief, who followed Nadir Shah on his invafion of Ii> 
dia in 1739. He hirnfelf afterwards invaded India no 
leis than feven times ; and, in particular, he overthrew, 
with dreadful flaughter, the united forces of the Mah- 
ratta empire, in the year 1761, on the plains of Pani- 
put. He was fucceeded, in 1773, by his fon Timmur 
Shah, who died, and was fucceeded by his own fon, the 
pufent prince. 1 he dominions of Zemaun Shah ex- 
tend from the left bank of the river Indus, on the fea- 
coaft, as far northward as the latitude of Caflimeer • 
and from eaft to weft they are 650 Englifh miles in 
length, comprehending the provinces of Cabal, Canda- 
har, Peifhere, Ghizni, Gaur, Sigiftan, and Korafun. 
He ufually keeps in pay an army of 130,000 horfe, 
befides infantry to garrifon his fortreffes. In expedi- 
tion of direft aid from France, by Bonaparte’s expedi- 
Uon to Egypt, and of an important diverlion to be 
made by Zemaun Shah, j'ippoo endeavoured to remain 
quiet, and to temporife with the Britifh. 

Since the firft vidtories of Lawrence and of Clive, 
tlie native princes of India have been eager to introduce 
the European art of war among their fubjeas. For 
this purpofe they retain European adventurers to com- 
mand and difcipline a part of their troops, and even en- 
deavour to form a guard for their perfons of European 
foldiers. The Nizam, a prince in alliance with the 
Bntifh, though in a great meafure under their in- 
fluence, had long retained around his perfon a confider- 
able body of French, and of troops under their manage* 
mem. Thefe, under the command of one Perou, now 
poffeffed great influence at Hydrabad, the capital of 
the Nizam. It was of much importance that theie- 
fliould be removed out of the way, to enable the Britifh 
to obtain the aid of this prince as an ally in the ap- 
proaching conteft with Pippoo. Lord Mornington 
procured this objedl to be accomplifhed with fo much 
fuccefs, that, on the 22d of O&ober 1798, the French 
corps under Perou was furrounded and difarmed with- 
out bloodfhed, and a Britifh force was fubftituted as a 
guaid to the Nizam in its ftead. T he military prepa- 
rations being in a coniiderable ftate of forwardnefs. 
Lord Mornington next warned Tippoo Sultan, in a 
letter dated the 8th of November 1798, of his having 
a knowledge of his hoflile deflgns and connexion with 
the French. He alfo propofed to fend an ambaffador 
to treat about the means of reftoring a good under- 
{landing between the Hates. Tippoo avoided return- 
ing an anfwer till the 18th of December, and then 
merely denied the accufation, and refufed to receive the 
ambaffador. On the 9th of January 1799, the Britifli 
governor again urged in writing that the ambaffador 
fhould be received. No anfwer was returned for a 
month ; and, in the mean time, an army of 3000 men 
having arrived frqm England, orders were iffued to Ge-Ge^r

T
al 

neral Harris to advance at the head of the Madras ar-Harris ad- 
my againft the kingdom of Myfore. Tippoo now of-vances^* 
fered to receive the ambaffador, providing he came®a^n^ h*115* 
without an attendance; but this conceflion was not ac- 
counted fufficient, and the army advanced. An army 

from 
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French "from Bombay was, at the fame xnftant, advancing’ on 

Revolution,^ oppofite fide of his dominions. A part of Tip- 

1 ■ poo’s forces encountered this army and were defeated; 
and within a few days thereafter, on the 27th of March, 
the reft of his army was defeated by General Harris. 
When an European army in India is tolerably nume- 
rous, the detail of its military operations againft the na- 
tives is by no means interefting; for the inhabitants of 
thefe enfeebling and fertile regions cam never be made, 
by any kind or degree of difcipline, to poffefs that mo- 
ral energy which enables men to encounter danger w ith 
coolnefs and felf-command. They can rufh on death 
under the influence of rage or defpair, but they cannot 
meet the hazard of it with calmnefs and recolleftion. 
It is fufficient to remark that, on the 7th of April, Ge- 
neral Harris fat down before Seringapatam. On the 
9th Tippoo fent a letter to this officer, alleging his own 
adherence to treaties, and enquiring into the caufe of 
the war. He was anfwered by a reference to Lord 
Mornington’s letters. On the 20th he made another 
attempt to negociate, by writing to General Harris, 
requefting him to nominate commiffioners to treat of a 
peace. In anfwer to this propofal, certain articles were 
fent to him as the only conditions that would be grant- 
ed. By thefe he wras required to furrender half his do- 
minions, to pay a large fum of money, to admit refi- 
dent ambafladors from the Britifti and their allies, to 
renounce all connexion with the French, and to give 
hoftages for the fulfilment of thefe ftipulations. 

On the 28th of April Tippoo again wrote to Ge- 
neral Harris, requefting leave to treat by ambafladors; 
but his propofal was refufed, upon the footing that he 
was already in pofieffion of the only terms of peace 
v'hich would be granted. Could Seringapatam have 
held out for little more than a fortnight longer, the in- 
vading army muft have retreated. The rainy feafon was 
about to commence ; and, by fome ftrange effedt of 
negligence or treachery, provifions were fo deficient in 
the camp, that it w’as only by reducing the troops to 

39a half allowance that they could be made to laft till the 
And takes j^th of May. On the 30th of April, the befiegers 
Senogapa- began to batter the walls of Seringapatam; and a breach 

being made, the city was taken by afiault on the 4th 
of May. One o’clock afternoon had been chofcn for 
this purpofe, as the hotted hour of the day, and confe- 
quently the time when it would be leaft expected. 
Tippoo was in bis palace; but on being informed of 
the attack, he haftened to the breach, and fell undiftin- 
guiihed in the conflidt. His treafures, and the plunder 
of the city, wLich was immenfe, went to enrich the 
conquering army, after deducting a fliare for the Bri- 
tifti government and Eaft India Company. His king- 
dom immediately fubmitted. The part of it which 
formed the ancient kingdom of Myfore was bellowed 
upon a defcendant of the former race of its kings, whom 
Hyder Ally had deprived of the fovereignty ; the ad- 
ditional territories that had been conquered by Hyrier 
Ally were divided between the Britilh and their allies, 
the Nizam and the Mahrattas. The family of Tippoo 
were either taken in the capital, or voluntarily furren- 
dered themfelves to the conquerors. They were remo- 
ved from that part of the country, and allowed a confi- 
derable penfion. 

In the mean time, Zemaun Shah had aftuaily inva- 
ded India from the north-weft. He advanced to the 
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vicinity of Delhi, fpreading terror and defolation wheM- French 
ever he came. Had the French army in Egypt been RevohJtIon» 
able to detach a body of 15,000 men to the affiftance , , 
of Tippoo, while all India was in the ftate of alarm na- 
turally produced by the approach of this northern in- 
vafion, it is extremely probable that the Britilh forces 
might fpeedily have found themfelves deferted by every 
ally, and funk under an unequal conteft. But the a&uai 
refult was very different. Satisfied with the plunder 
he had obtained, Zemaun Shah foon withdrew ; and 
the French army being detained in Egypt by the war 
with the Turks, and by the want of veffels at Suez 
wherewith to reach India, Tippoo was left to contend, 
unaffifted, againft the whole power of Britain, and of its 
allies in the eaft. By the conqueft and diviiion of his Immenfe 
territory, the Britilh power was left without a rival in power of 
that quarter of the world, and railed to fuch a ftate of ^r'!a‘n ** 
impoiing fuperiority, that if affairs are only preferved inInd!1' 
their prefent lituation, by periodical fupplies of Euro- 
pean troops, no native prince, or even combination of 
princes, can henceforth bring it into danger. Thus, 
notwithftanding the vaft military efforts made by the 
people of France during this revolutionary war, yet all 
foreigners who trufted to their aid were ruined by pla- 
cing confidence in them. In Italy, Germany, Swit- 
zerland, and Holland, the rapacity of the commiffaries 
of the French government foon rendered odious and 
intolerable the prefence of thofe armies whofe arrival 
had been eagerly defired. In Ireland and in India, the 
promife and the hope of affiftance which they were ne- 
ver able to beftow, only ierved to produce premature 
hoilility, and to increase and eftablifli the power of the 
Britifti government. 

But to return to the domeftic hiftory of France, 
which has now become only an hiftory of the ufurpation 
of Bonaparte. 

In the middle of the month of December, the Con-New*confti« 
fuls, with their legiflative committees, produced to the tution of 
public their plan of a new conftitution, which they pre-t?rancc* 
fented to the primary affemblies, and which is faid to 
have been accepted by them without opposition, like 
all the former conllitutions. It is a very lingular pro- 
du&ion, and neither admits of representative govern- 
ment, nor indeed of any other form of political free- 
dom. Eighty men, who eledl their own fucceffors, pof- 
fefs, under the appellation of a Confervat'rue Senate, the 
power of nominating the whole legiflators and executive 
rulers of the flate ; but cannot themfelves hold any 
office in either of thefe departments. The fovereignty 
is concentrated in one man, who, under the title of 
Chief Confui, holds his power for ten years, and may 
be re eledted. The whole executive authority is en- 
trufted to him, and he enjoys the exclufive privilege of 
propofing new laws. He is affifted by two other con- 
fuls, who join at his deliberations, but cannot controul 
his will. The legiflative power is entrufted to two af- 
femblies : the one, confifting of 100 members, called a 
Tribunate; and the other, of a Senate, of 300 members. 
When a law is propofed by the Chief Conful, the Tri- 
bunate may debate about it, but have no vote in its 
enactment. The Senate votes for or againft its enatt- 
ment, but cannot debate about it. Neither the Con- 
fuls, nor the members of the legiflative bodies, nor of 
the confervative fenate, are refponfihle for their conduct. 
The rainifters of ftate, however, who are appointed by 

3 L the 
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French the Chief Conful, are refponfible for the meafures they 

RevoIution)adopt> 

1, , The people in the primary affemblies elefk one tenth 
of their number as candidates for inferior offices ; per- 
fons thus chofen, eleft one-tenth of themfelves as can- 
didates for higher offices ; and thefe again ele£t a tenth 
of themfelves as candidates for all the higheft offices of 
the ftate. Out of this laft tenth the Confervative Se- 
nate muft nominate the confuls, legidators, and mem- 
bers of their own body. But this laft regulation is to 
have no effeft till the ninth year of the republic. In 
the mean time, the fame committees that framed the 
conftitution, appointed alfo the whole perfons who were 
to exercife the government. Bonaparte was appointed 
Chief Conful, and Cambaceres and Lebrun fecond and 
third Confuls. Sieyes, with his ufual caution, avoided 
taking any aftive ftiare in the management of public af- 
fairs, and was appointed, or appointed himfelf, a mem- 
ber of his own Confervative Senate ; the whole being re- 
garded as produced by him. A§ a gratuity for his fer- 
vices, the Chief Conful and his legidators prefented to 
him an eftate belonging to the nation, called Crofne, in 

395 the department of Seine and Oifne. 
Abfolute Thus, after all their fanguinary ftruggles for free- 
power of dom, did the fon of a Corfican drive from their ftations 

oi.apar e. reprefentatives of the French nation, and affume 

quiet pofleffion of the government of that country, with 
a power more abfolute than ever belonged to its an- 
cient monarchs. The eftabliffied privileges of the cler- 
gy, the nobles, and the parliaments, always reftrained, 
in fome degree, the defpotifm of the kings of France ; 
thefe being now deftroyed, the will of Bonaparte could 
meet with no controuL 

Propofals One °f the firft meafures of his government was to 
for peace tranfmit to the allied powers, then at war with France, 
made by propofals for negociating peace ; but in thefe propofals 

e n uj’ it was eafy to difcover that a general peace was not the 
objedt of his wifhes. He was, indeed, under the necef- 
fity of making fome kind of pacific overtures, that he 
might keep the promife by which he had bribed the 
people to fubmit tamely to his ufurpation ; but he ad- 
drefied each of the belligerent powers ftparately, with 
the obvious view of diffolving the coalition ; and he re- 
pealed not the decrees of the Convention, which de- 
clared war againft all the governments of Europe, de- 
viating from the forms long eftabliffied for tranfadfing 
bufinefs between independent ftates, he addrefled the 
Britifh government, not, as ufual, through the medium 
of the minifter for foreign affairs, but in a letter direft- 
ed immediately to the King ; to that letter he prefixed 
a motto, which proved his own adherence to the revo- 
lutionary decrees that were the chief caufe of the rup- 
ture with England ; and it is difficult to believe that he 
did not actually mean to infult the monarch whom he 
fo addreffed. 

He certainly did not expedl a propofal made in fuch 
a manner to be liftened to, or that the King would 
deign to anfwer a letter which began with proclaiming 
liberty, equality, and the fovereignty of the people. Be- 
fides this revolutionary jargon, the letter contained no- 
thing more than the two fimple queftions—“ Whether 
the war, which had, for eight years, ravaged the four 
quarters of the globe, was to be eternal ?” and “ whe- 
ther there were no means for Britain and France of 
coming to a good underftanding ?” His Majefty’s mi- 

nifters would have been perfectly juftified had they re- French 
turned, to the former of thefe queftions, the laconic an-Revo!ution, 
fwer, No; and to the letter, Tes : but they condefcend- f 
ed to affign the reafons which prevented the King from 3^ 
liftening to overtures coming, in fo queftionable a iliape, Rejeded.by 
from fo novel an authority. Britain 

Thofe reafons were unanfwerable ; for they refted on 
paft experience of the bad faith of the revolutionary 
rulers of France ; on the inftability of the confular go- 
vernment ; and on the obligation of treaties, by which 
his Majefty was bound not to abandon his allies by 
concluding a feparate peace. 

That the revolutionary rulers of France had been re- 
markable for bad faith, was completely proved in both 
houfes of parliament, by an enumeration of the treaties 
which Bonaparte himfelf, when commanding the armies 
of the republic, had firft entered into with foreign ftates, 
and then violated. That the confular government was 
then unftable, will be queflioned by no man, who, re- 
flecting on the means by which it was formed, adverts 
to the circumftance of the letter to the King being 
written on the very day on which the Confuls were in- 
ftalled in their office, and long before it could be known 
that the primary affemblies would accept the conftitu- 
tion which had been dictated to them. That conftitu- 
tion had, indeed, deviated fo far from all republican 
forms, as to excite difcontent even among its own crea- 
tures ; and, in the firft meeting of the tribunate, one 
of the members, obvioufly comparing the new with the 
old government, talked of the idol of fourteen days, 
which, he obferved, might as readily be overthrown as, 
the idol of fourteen ages. That the Firft Conful was 
fincere in wifhing to reftore peace to Europe, will hard- 
ly be fuppofed by him who calls to mind, that the 
French minifter, in his reply to Lord Grenville, took 
not the fmalleft notice of the allies, although he had 
been affured by his Lordihip, that his Majefty could not 
treat without them. It is likewife worthy of remark, 
that in the laft official paper on the fubjeft, the fame 
minifter propofed, not any fpecific terms of peace, but 
merely an immediate fufpenfton. of hoftilities between the 
two nations, and the naming of plenipotentiaries, who 
fhould repair to fome convenient place, and apply 
themfelves, with all poffible difpatch, to the effetting 
of a good underftanding between the French republic 
and England ! H id that propofai been agreed to, the 
ports of France, which were then blocked up by the 
Britilh fleet, would nave been opened for the importa- 
tion of naval ftores the negociation might have been iSoo. 
protracted from day to day ; and when the Conful had 
conquered the Auftrians in Italy and on the Rhine, he 
might have hiddenly broken it off, and direCted the 
whole force of the republic againft the Britifh empire. 

All this was forefeen by thofe who at that period fo 
ably guided the helm of ftate, and the infidious over- 
ture was with dignity rejeCied. 

A limilar overture had been made to the court of And the 
Vienna, and treated in the fame manner ; but early in court of 
this year, the Emperor of Ruffia withdrew from theY*enna* 
coalition. He had been highly and juftly offended by 
the conduCt of Auftria durin& the laft campaign : he is 
faid to have demanded Malta of the Britifh court as 
foon as it fhouid furrender to the combined forces of 
Ruffia and England, and to have received, with the ut« 
molt indignation, the refufal which was given to fo un- 

reafonable 
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French mfonable a demand ; but fuch was his caprice, that army which they had to defend it was greatly reduced French 

Revolution, the motives which induced him to abandon his allies in numbers lince the preceding year, and, for want 0f
Revoiut 0,l« 

t may have been much more trifling than either of thefe. clothes, provifions, and pay, was in a ftate little fhort l8oo‘ 
39g Whatever they were, he iflued the mofl peremptory or- of mutiny. It was the great objed of the Auflrians to 

Defedion ders to Suwarrow to retire with the army under bis get pofleflion of Genoa, with all its dependencies; while 
| of the Em- command into Poland ; and with thefe orders the old the Genoefe, who beheld in the French only the de- 

Ruffia0* 01311 rcluftantly complied about the middle of January, ftroyers of their commerce and their conftquence, were The Emperor continued, indeed, to exprefs the utmoft diipoled to lend every aid to meafures calculated to 
abhorrence of the French revolution, and of the prin- drive them effedually from their country. 
ciples whence it had fprung ; but his warlike opera- The cbmmand of the French army in Genoa was gi-Melfena 
tions were now at an end ; and the Confuls heard, with ven to Meffena; who, having received from the Confuls 
indifference, of his prohibiting the importation of extraordinary powers, difplayed, in that command all 
French books into the Ruffian empire. 

In the mean time, Bonaparte fucceeded in fuppref- 
fing an infurre&ion, more formidable, if credit be due 
to the papers which were laid to be found in the pof- 
feffion of the chief iufurgents, than any that had yet 
been raifed in behalf of the heufe of Bourbon ; and be- 
ing thus relieved from the anxiety infeparable from a ci- 
vil war, he found leifure to turn his attention to his fo- 
reign enemies. 

On the yth of March he fent a meffage to the legif- 
lative body, in which, after mifreprefenting, in the 
groflefl manner, the condudf and views of the court of 
London, he allured them, that in the midft of battles 
and triumphs, he would invoke peace, and fwear to fight 

+o0 only for the happinefs of France, and the repofe of the 
Prepara- world ! This meffiage was followed immediately by 
tions of two decrees : the one calling, in the name of honour, 
France for Up0n every foldier who was abfent on leave from the 

the cam- armies 111 italy and on the Rhine, or who, on account 
paign. °f his age, had retired from the fervice, to join his re- 

giment before the 5th of April, if able to ferve another 
campaign ; and the other, appointing a freffi army of 
referve, confilting of 60,000 men, to be affembled at 
DJon, and to be placed under the command of the 
Firft Conful in perfon. 

Amid thefe warlike preparations, which were carried 
on with vigour, the government did not negledl the ad- 
miniftration of jullice, or the internal economy of the 
ftate. Hitherto the feveral departments, into which 
the conftituent aflembly had divided the kingdom of 
France, were under the controul of what were called 
central adminijlrations ; but they were now fubje&ed to 
the government of magiftrates ftyled preftEts, who were 

401 nominated to their office by the Chief Conful. In eve- internal re- , , y _ 
gulations. ry dePartnient there was appointed one prasfect, with 

three or four fub-prefefts, according to the population ; 
and one of the offices of the council of praefedlure was 
to decide on the remonftrances of the citizens again!! 
their quota of taxation. A reformation was likevvife 
introduced into the civil and criminal courts of juftice, 
of much greater importance to the inhabitants of France 
than the inftitution of praefedls. The judges were to 
be no longer chofen by the people for a limited time, 
but to be appointed, with decent falaries, by the Chief 
Conful; nor were they to be liable to fuch interrup- 
tions as formerly in the difeharge of their duty. The 
good effedls of this reformation were quickly feen in 
the more prompt and equal adminiftration of juftice, 
and in the lefs frequent employment of the guillotine. 

The campaign was now ready to be opened both in 
Italy and on the Rhine. The only territory of any 
importance which, in Italy, remained in the poffefiion 
of France, was that of the Genoefe republic ; and the 

the abilities of a coufummate general. Carrying with 
him from Lyons and Marfeilles a fupply of troops, and, 
by a proper diftribution of rewards and punilhments, 
reducing to order and obedience thofe whom he found 
ready to defert their ftandards, he was foon at the head 
of a force able, not only to overawe the inhabitants, 
but to Hop the progrefs of the Auflrians. After ma- 
ny battles and fkirmifhes, however, he was at laft obli- 
ged to retire into the city, where famine would have 
compelled hint to furrender immediately, had he been 
immediately blockaded by the army under the command s 
of the Imperial General Melas. 

The appearance of the Britifh fleet, on the 5th of 
April, was the fignal for that general to attack the 
place. The communication between Genoa and France 
by fea was now cut off; but a few days preceding the 
atrival of Lord Leith, a quantity of wheat, and other 
provifions, had entered the port, and refeued the inha- 
bitants and the army from the laft preffure of famine. 
The Auftrians foon made thenifelves mailers of the fur- 
rounding country ; but Meffena, in hopes of receiving 
fuccour from France, obftinately refufed to give up the 
city. Although reduced toad! on the defenfive, he ci0tkJd UJI 
negledled no opportunity of making fallies on the ene-in Genoa, t 
my, fometimes with confiderable daughter on both lides: 
but he is faid to have tarnifhed the laurels which his 
bravery would have gained, by exhibiting his priioners 
to the contempt of tiie citizens. An engagement of 
this kind, in which he loll three of his belt comman- 
ders, terminated all further operations on his part ; 
and General Mclas, having nothing more to apprehend 
from the army cooped up in Genoa, left General D’Ott 
to continue the blockade, and turned his own forces 
againll Sauchet, who commanded a leparate divifion of 
the French army. 

On the 7th of May was fought, between Ceva and Sauchct de- 
St Lorenzo, a decifive battle, in which the French werefcatech 
totally defeated, with the lois of 19 pieces of cannon, 
and 1200 priioners, among whom were 337 officers, 
one of whom was a general of divifion. Soon after this 
adlion, Sauchet was compelled to abandon the llrong 
pofition of Col di Tenda, leaving behind him four pie- 
ces of cannon and 2co prifoners ; and advancing to- 
wards Niece, he was driven from poll to poll, till at 
laft he was obliged to take fhelter behind the Var, lea- 
ving Melas in poffeffion of the whole department of the 
Maritime Alps. 

The opening of the campaign on the Rhine was not Thr/am- 
fo favourable to the A.uftrians. For reafons, which we open- 
pretend not to know, the Archduke Charles had been‘don the 

diredled by the court of Vienna to refign the command 
of the army to General Kray, who had fo much diftin- 
guifhed himfelf in Italy during the campaign 1799. 

3 ^ a The 
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The military talents of Kray were unqueftionableand 
he had gained fuihcient evidence _ of his integrity and 
zeal for the caufe, both when fervmg under Suwarrow, 
and when afting independent of him ; but, unfortu- 
nately, he was a danger to the army which he now 
commanded, and he was not fo noble as fome of the 
other generals ! Our attachment to democracy will 
not be iufpefted ; but the principles of no democrate 
have been more abfurd than the prejudices of part oi 
the Germans in behalf of nobility. Becaufe one of the 
generals ferving under Kray was more noble than his 
commander, he had the folly and infolence to declare, 
that he would obey no order of which he was not him- 
felf convinced of the propriety (a) ; whilil many of the 
inferior officers, who had rifen from the ranks, and were 
deeply tin&ured with the principles of Jacobinifm, re- 
fuied to fight againft thofe whofe objedl it was to level 
nobility with the dull. 

That an army, thus commanded, wonld make effec- 
tual head againft the French veterans, led on by the 
gallant Moreau, could not reafonably be expe&ed ; and 
the reader will not be furprifed, that the Hungarian fol- 
diers, though they had given repeated proofs of their 
bravery, made no reftftance to the enemy, when they 
faw themfelves ready to be facrificed to the difl'entions 
■of their own officers. Kray had received, at the open- 

• ing of the campaign, orders from the Aulic council 
how to di/p ofe of the forces under his command ; and 

■being uufupported by the generals under him, he had 
no other alt cm at ire than to obey thefe orders, whether 
he approved of them or not. Similar inftruitions had 
been lent by the Conful to Moreau, containing a de- 
tailed plan of operations which he was commanded to 
execute ; but he fpiritedly refufed to fight in fuch fet- , 
ters. 

Confcious, it may he prefumed, that his own know- 
jedge of the art of war was at leaft equal to that of 
Bonaparte, while his experience of the country w'as in- 
finitely greater, he difpatehed a courier to Paris to in- 
form the Confuls, that if the orders which he had re- 
ceived were to be rigidly followed, he muft beg leave 
to refign his command, and take a fecohdary rank. His 
refignation was accompanied with the plan of opera- 
tions which he had formed for himfelf; and the Firft 
Cotiful, inftaotly perceiving its propriety, continued 
hbn in the command, with inftruffious to cany on the 
war according to his own judgment. 

Moreau, thus left to aft according to circumftances, 
eafily crofted the Rhine, and drove the Auftrians from 
poft to poft, till Kray, finding it impofiible to aft of- 
fenfively with a mutinous army, commanded by difaf- 
fefted ofticers, determined to maintain h»s pofition at 
Uim, and wait for fuccours from Vienna. He had been 
defeated at Stokach, at Engen, and at Mofkirch ; but, 
though he had on thefe occafions difplayed all the ta- 
lents of an able general, we enter not into a minute de- 
tail of battles, in which no talents "could counteraft the 
effefts of treachery. On one occafion, ycoo men, who 
were ordered to advance, immediately threw down their 
arms; and on the night previous to one of thefe ac- 
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tions, fcveral officers were heard to fay, that the foldiers French 
whom they commanded 'would not fght! With fuch a Rcvo!utioB

i> 
fpint in the army, offer.hve operations were no longer, I^CO j 
prafticable ; but Ulm, as it commanded both fides of 4c8 
the Danube, was of fo much importance, that the gal-Makes a 
laut veteran, having Itrongly entrenched himfelf, refol-Ra

1
nd at 

ved, if pofiibie, to maintain his poiition. U m ’ 
Moreau, who penetrated into his defigns, determined 

to attempt the paffage of the Danube, and by cutting 
him off from his magazines at Donavert, to force him 
to a general aftion. Accordingly he ordered Lecourbe, 
who commanded one of the wings of his army, to ad- 
vance, and take poffeftion of a bridge between Dona- 
vert and Dillingen. This was accomplifhed with dif- 
ficulty ; for the Auftrians, perceiving, when too late, 
that all was at flake, difputed every inch of ground 
with the French general. During the interval of march- 
ing to the Danube and crofting it, Kray, who percei- 
ved the intentions of his enemy, had fent confiderable 
reinforcements to the left bank to oppofe the paffage. 
In confequence of this, a battle took place at the cele- 
brated pofition of Hochftet, near Blenheim, which end- 
ed in favour of the French, who took 40CO prifoners, 
without counting the killed and wounded. 

Kray, who faw the danger of his pofition, affembled 
his forces, and leaving a llrong garrifon in Ulm, march- 
ed againft the French ; and paffing by Hochftet, crof- 
fed the Danube at Newburg, with the feeming inten- 
tion of forcing his enemy to abandon the ground which 
he occupied on the left bank of the river near Ulm. 40p 
The French army received his attack at Newburg; and But, defeat- 
the engagement, which commenced early in the day,eii at NeWr 

was continued, with the moft determined bravery on back’t^Jr 
both fides, till night; when the Auftrians, obliged to goiftadt. 
retreat, fell back on Ingolftadt. 

This battle decided the fate of Germany. The 
French became mailers of the eleftorate Bavaria, and 
of various territories of lefs extent ; and as they ap- 
proached the hereditary dominions of the Emperor, the 
Jacobins, not only of the capital, but of the whole of 
Upper Auilria, behaved with fuch audacity, that the 
court could not but perceive that no dependence was 
to be placed on armies compofed of fuch men. The 
Imperial family, and the Britifh ambaftador, were pub- 
licly intuited in the theatre ; whilil a hired rabble voci- 
fefated “ Peace ! Peace !” 

This fpirit was not routed by the ill fuccefs of Kray 
alone ; for the affairs of Auftria were now more defpe- 41© 
rate in Italy than even on the Danube. About theThcarmT 
fame period that the campaign opened on the Rhine, ^ referV8t 

the army of referve, which had been for fome time 
forming at Dijon, began its march. The French go- 
vernment had given official notice, that this army was 
already compofed of more than 50,000 men ; that it 
was receiving reinforcements every day ; and that it 
was prepared to march either to the right or left, as the 
chance of war, or the plans of government, fhould rear 
der the one route or the other neceffary. This account 
w^as not generally credited. Thofe who wilhed well to 
|be caufe of the allies, were unwilling to allow fuch vi- 

gour 

(a) This man afterwards boafted of his difobedience at Vienna : “ Je ne voulois pas etre commandc par un ro- 
urier,” faid he. ** Non ! (replied tire gentleman to whom he fpake) vous aimiez mieux etre battu pa* mi ro- touner 

tourier. 
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Alps. 

French gour to the French government ; while the Jacobins of 
|tfvolution. Qertriany induftrioufly circulated a report, both through 

l800, , Italy and the empire, that the army of referve amount- 
v ed to little more than 6000 men. 

On the 5th of May, the Firlt Conful left Paris to 
take upon himfclf the command of this army ; and af- 
ter receiving the troops cantoned at Dijon, he pafled 
on towards Genoa. Remaining a fhort time in the 

TI Pays de Vaud, he joined the army of referve at the foot 
Under the of Mount St Bernard, and inflantly afiumed the com- 
command mand. A very fmall force would have been fufficient 
of the Firft to fl.0p army {n Jts afcent ; but General Melas ei- 

ci-oflbs the ^er l,ear(l not *ts being in motion, or believed im- 
plicitly the infidious report circulated by the Jacobins 
of Italy and the empire. The French, therefore, met 
with no refiftance till they reached the town of Aoil, 
of which, after a very flight (kirmifh, they took quiet 
ppffeflion. Having, with incredible perfeverance and 
addrefs, pafled by the fortrefs of Bard, they purfued 
their route down the valley of Aoft, with little oppofi- 
tion till they reached the town of Yorea. There, in- 
deed, the Auftrians had aflembled a force, but a force 
which, as it was inadequate to the defence of the place, 
the impetuofity of the French foon compelled to give 
way, and take poft on the heights of Romano behind 
the Chinfella. That poll was of great importance, as 
it commanded the paflage of the river ; but it was oc- 
cupied by no more than 5000 infantry, 4000 cavalry— 
of little ufe in fuch a fituation, and a few pieces of ar- 
tillery. The confequence was, that on the 26th of May 
it was forced, with confiderable daughter, indeed, on 
both Tides ; and foon afterwards the fort Brunette, 
which commanded the entrance to Piedmont on the fide 
of Sufa, capitulated to another divifion of the army un- 
der the command of General Turreau ; fo that the 
road to Turin was now open. 

While the French were palling the St Gothard, the 
lelTfecurity ma‘n body of the Aullrian army was occupied in the re- 
ef the Aui- moteft parts of Piedmont, celebrating their vidlories 
trian com- over the French at Nice. It is difficult to decide whe- 
mander. tjier ^ ,.3^ confidence of Bonaparte, or the thought- 

lefs fecurity of General Melas, ought, on this occaiion, 
to excite the greateft aflonilhment } for it is certain, 
that a proper difpofition of a very fmall portion of the 
Aullrian forces among the pafl’es of the Alps, would 
have crufhed at once the army, and all the proud prof- 
pedls, of the Conful. 

Roofed at length from his dreams of fafety, by the 
news of an invafion, of which he had been often warn- 
ed, and which he would even yet fcarctly believe, Me- 
las flew to Turin, recalling, by bally marches, the main 
body of his army, to defend the Po, and prevent the 
enemy from getting polleffion of the capital. It was 
natural for him to fuppofe that Turin would be the fit 11 
place of importance attacked by the French ; and the 
Conful gave countenance to that fuppofition, by teem- 
ing to menace the paflage of the Po. He had formed, 
however, a different plan of operations ; and while the 
Aullrian commander was preparing to difpute with him 
the paffage of the river, he fuddenly turned to the left, 
and, croffing the Seffia and the Teflino, entered Milan 
on the 2d of June. 

Bo4T3 Whilft Bonaparte marched to Milan, General Lan- 
entersMi- nes, with the advanced guard, tiled off towards Pavia, 
km» The French army, though ftrong in numbers, had uei- 
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ther magazines, artillery, nor llores of any kind ; and French 
learning that Pavia was the great depot of the Aultrian R'ev°b|b°nJ 
army, the Conful was determined to make himfelf maf. . ‘ 
ter of it. This was eafily accompliflied ; and Lannes 414 
found in the place upwards of 200 pieces of artillery, Takes Pa* 
8oco mulkets, 2000 barrels of gunpowder, and an im-via» 
menle quantity of all kinds of proviiions. 

The religious profeffions of Bonaparte had, at all 
times, been accommodated to the principles or prejudi- 
ces of thofe whom he wilhed to attach to his caufe. In 
Egypt he had kept the feilival of Mohammed, and de- 
clared himfelf fent by the Moll High to enforce obe- 
dience to the laws of the prophet ; and, with equal fin- 
cerity, he now fung Te Deutn in the cathedral church 
of Milan, for the happy deliverance of Italy from here- 
tics and injidels ! He then proceeded to the formation And re- 
of a provifionary conllitution for the Cifalpine republic; ftorcs ther 
which, in a few days, was re-organized as a free and in-C]^a1P|

inc 

dependent nate. 
Whilll the Conful was difplaying his talents as a con- 

ftitution-monger, one of his generals, with a detach- 
ment of the army, croffed the Po at Stradella, and, cut- 
ting off the communication between General Melas and 
the country of Piedmont, made himfelf mailer of the 
Aullrian magazines at Piacenza, Cremona, and various 
other depots on the banks of the river. 4I5 

It was at this time that Bonaparte, by means of in-GenoaTur- 
tercepted letters, was firll informed of the capitulation t(> 

of Genoa. Mafiena had done every thing in the power,fte ^ 1 6' 
of valour and perfeverance to defend the place ; but 
after he had feen 15,000 of the inhabitants perifn by 
hunger, he was obliged, on the 5th of June, to furren- 
der to the Britilh and Aullrian commanders. Conft- 
fidering his utter inability to hold out longer, the terms 
which he obtained were favourable. The light wing 
of his army, to the number of 81 10 men, were to march 
into France by the road of Nice, and the remainder 
was to be tranfported by fra, a the expence of Britain,, 
to Antibes ; no man was to be held refponfible for ha- 
ving excrcifed any public lun£lion under the govern- 
ment of the Ligurian republic ; and all officers made 
prifoners from the beginning of the campaign, were to- 
return to France on their parole, and not to ferve till 
regularly exchanged. 

The Surrender of Genoa left the Aullrian army, by 
which it had been invefted, at liberty to co-operate with- 
the commander in chief; and General D’Ott marched, 
v’ith thirty battalions, to oppofe the progrefs of the 417 
French in Piedmont. He was met, on the 9th of June, at The AuP- 
a place called Montebello, by a large detachment ot the 2 

French army under the command of the Generals EaH-jefVated le 
nes and Victor. The battle raged long with great fu-Mome- 
ry, and the village of Calteggio, which at its commence-hello, 
ment was in the poffeltion of the Auitrians, was taken 
and retaken feveral times ; but at lad vidlory declared 
for the French, and General D’Ott retired with great 
lofs- 

Unable to flop the progrefs of the French by par- 
tial detachments, Melas, who was now blockaded in 
Piedmont, affembied the whole of his forces between 
Aleffandria and To Aon a, in order, by one llroke, either 
to crulh the enemy, or at leall open to himfelf a way 
to the Aullrian divifions on the Mincio. This produ- 
ced, on the 14th of June, the memorable battle of Ma- 
rengo j of which we Ihall attempt Ho detail, became we 

could 
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'French could give none for the truth of which we 

“’C*1001? to an^wer;ible. The French accounts, which 
are faithfully copied by our own Jacobinical writers of 
periodical hiftory, reprefent the army under the com- 
mand of Melas as more numerous than that of the Con- 
ful ; while thfy attribute the fuccefs of the latter whol- 
ly to the conduit and intrepidity of its leader. The 
fait, however, we believe to be far otherwife ; for we 
think it might be proved, by comparing together the 
•different bullctcinsof the army of referve, that from the 
beginning the French had a decided fuperiority. Be 
this as it may, the Aultrians were, for nine hours, vic- 
torious; and the fate of the battle was at laft turned, 
not by any uncommon exertions of the Conful, but 
partly by the provident conduit of Deffaix, and ftill 
more by the lituation of the Auftrian commander, 
whofe faculties feem wholly to have forfaken him in the 
latter part of the day. When he was in this Hate, one 
falfe movement, which weakened his centre, afforded 
an opportunity to Deffaix to make a vigorous and fuc- 
cefsful charge with a body of cavalry that had not yet 
been engaged ; and General Zach, who was about to 
take the command of the army from Melas, worn out 
with age and fatigue, unfortunately falling, at that cri- 
tical moment, into the hands of the enemy, the French 
remained mdters of the field of battle. 

The fpirit of the Aullrians, however, was not bro- 
ken/ They had loft indeed 9000 men, with fome of 
their beft generals ; but the lofs of the French was 
confeffedly greater, amounting by their own account to 
at leaft 12,000 men. 1 he Auftrians, enraged at having 
had the victory fo wrefted out of their hands, were ea- 
ger to renew the conteft on the following day; but, in- 
ftead of feconding the ardour of his troops, General 
Melas concluded a capitulation, unparalleled, we will 
venture to affirm, in the annals of war ; a capitulation 
by which he voluntarily furrendered into the hands of 
the enemy nearly all the fruits of one of the moft glo- 
rious and fuccefsful campaigns recorded in hiftory. We 
wiftr not to throw any undue afperfion on the charac- 
ter of the Auftrian commander. His behaviour at the 
battle of Novi renders his bravery unqueftionable ; and 
we are affured, by letters from Germany, that his inte- 
grity has never been fufpeaed ; but thofe letters repre- 
fent him as qualified, not to command a great army, but 
only to execute the orders of a fuperior mind. It may 
have been in confequence of fome previous general in- 
ftruaions from the Aulic Council that he figned fuch 
a capitulation ; or the fortreffes which he furrendered 
may have been deftitute of provifions, and of courfe in- 
capable of fuftaining a fiege. On the former fuppofi- 
tion, the Aulic Council muft be confidered as decided 
enemies to the caufe in which the allies were embark- 
ed ; on the latter, General Melas was the leaft provi- 
dent commander that was ever perhaps entrufted with 
the defence of a country. 

tice in Italy as ^ may> he gave up to the French the whole 
of Piedmont and Genoa ; and, concluding an armiftice 
which was to laft till an anfwer agreeing to the condi- 
tions could return from the court of Vienna, he retired 
with his army into the territory of Mantua, Tufcany, 
and Ancona. 

gallant Kray wifhed to take advantage of this 

^rmixiCe m to ft°P tlie progrefs of the troops un- der Moreau ; but the French general would not liften 
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would to his overture, till he received inftruaions from Paris, French 

in conlequence, as was fuppofed, of the arrival of Count Evolution, 
St Julien with propofals of peace from the Imperial 
Cabinet. I he armiftice was then concluded in Ger- ~a2[ 
many as well as in Italy, leaving for the line of demar And Ger- 
cation the polls occupied at the time by the refpettive many, 
armies ; but it the French adhered to the letter of thefe 
treaties, they almoft inftantly violated the fpirit of both. 
They reinforced their army in Italy in dired contra- 
didtion to what was obvioufly the meaning of their fti- 
pulations with Melas ; they filled the conquered coun- 
tries with their licentious hordes ; they levied enor- 
mous contributions, and even raifed troops in ftates of 
which they had formally proclaimed the independence } 
and their armies in Germany fubfifted on the plunder 
of the neighbouring countries. 

Whilft France was thus everywhere vidorious in Eu- 
rope, her troops were fuffering hardftups and difgrace in 
Africa. . They complained loudly of being deferted bystafe of 
their chief; and Kleber, on whom the command de-the war in 
volved, declared, in the impious jargon of the Jacobins, Egypt* 
that the fame univerfe Ihould not contain him and Bo- 
naparte. He felt it expedient, however, to continue 
the negociations into which that general had entered 
with the Grand Vifier for the evacuation of Egypt ; 
and after many letters had paffed between them, a con- 
vention was concluded on the 24th of January 1800, 
to which Sir Sydney Smith acceded on the part of 
Great Britain. By that convention the French army 
was to be colleded with its arms, baggage, and effeds, 
at Alexandria, Rofetta, and Aboukir, and thence be 
transported into France, as well in its own veffels as in 
fuch as ftiould be furnilhed to it by the Sublime Porte. 

To the caufe of the allies it is obvious that nothing 
could have happened apparently more injurious than 
the evacuation of Egypt on fuch conditions as this, 
which would have furniffied the Conful with fixteen or 
eighteen thoufand veteran troops to be employed by 
him either in Italy or on the Rhine. How the gallant 
Commodore came to overlook this circumftance, or in- 
deed how he came to ad as a Britilh Plenipotentiary, 
we pretend not to know. That he exceeded any powers 
with which he could reafonably conceive himfelf veiled, 
was completely proved in the Houfe of Commons by 
the war-minifter Mr Dundas ; who juftly obferved, tliat 
the powers of Sir Sidney and his brother as plenipoten- 
tiaries, had ceafed upon the arrival of Lord Elgin in 
that capacity at Conftantinople ; and that, as a Britilh 
officer, he had no right to accede to fuch a convention 
while he held only a fubordinate command under Vice- 
admiral Lord Keith. 

In December 1799, minifters had reafon to believe 
that a negociation would be entered into by General 
KJeberand the Grand Vifier for the evacuation of E- 
gypt by the I'rench troops. As fuch a negociation 
vyas defirable, they fent inftru£lions, not to Sir Sidney 
Smith, but to Lord Keith, to accede to it ; on the ex- 
prefs condition, however, that Kleber and his forces 
Ihould not be fent back to France to fight againft the 
Auftrians, but fhould be detained as pnfoners of war 
till regularly exchanged. Thefe inftru6lions reached 
the noble admiral in February 1800, when he immedi- 
ately apprifed General Kleber of them ; affuring him, 
at the fame time, that he would permit no Ihips to fail 
with French troops, in confequence 6f any partial ca- 

pitulation. 
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pitulation, or of paffports from fuch as had no right to 
grant them. 

This conduft, which was perfectly fair on the part 
of Britain, and of which the contrary might have been 
jullly complained of by the court of Vienna, produced, 
a violent outcry, not only in France but even in Eng- 
land, among thofe who, from the commencement of the 
war, had uniformly pleaded the caufe of the enemies of 
their country. Government, it was faid, had broken 
faith both with its allies and with its enemies ; yet Kle- 
ber himfelf accufed the cabinet of St James’s of no luch 
crime. He talked, indeed, of Lord Keith’s infolence, 
and called upon his foldiers to anfwer it by their vic- 
tories ; but fo little did he dream of treachery on the 
part of Britain, that in- his letter to the diredory, he 
(poke of his convention as made with the Grand Vifier 
alone. Accordingly, on the 20th of March, he attack- 
ed the Turks in the neighbourhood of Cairo ; and 
though the Janizaries difplayed fomething of their wont- 
ed bravery, they were forced to yield to the fuperiori- 
ty of European tadics, when the Turks fled in all di- 
redions, leaving upwards of 8coo dead and wounded 
on the field of battle. 

This vidory reltored to the French the poffefiion of 
Cairo, which they had abandoned in confequence of 
the convention ; but they were rtill much haraffcd by 
fome of the Beys, who during the battle had pafied the 
rear of the army, and maflacred fuch of the Copts as 
favoured their caufe. Kleber, therefore, again propo- 
fed to evacuate Egypt on the terms agreed to by the 
Grand Vifier and Sir Sidney Smith ; and the court of 
London having authorifed Lord Keith to accede to 
thofe terms, a fufpenfion of hoftilities took place, and 
the Turks were about to be freed from enemies whom 
they were unable to expel, when the French comman- 
der was fuddenly affaffinated. 

This was a ferious misfortune, as well to the allies as 
to the French in Egypt ; for Kleber appears to have 
been the moft honourable, as well as the ablell, com- 
mander of the republicans in that part of the world. 
By whom, or at whofe inflance, he was murdered, is 
not certainly known ; but, at Conftantinople, fufpicion 
attached flrongly to his fucceffor Menou, who had 
thwarted all his meafures ; who refolutely oppofed the 
evacuation of Egypt on any terms ; and who, having 
embraced the Mahommedan faith, prefixed Abdullah 
Bey to his name. He no fooner fucceeded to the com- 
mand of the army, than he broke off the negociation 
which was almoft concluded by his predeceffor ; and in- 
formed the Englifh Commodore, on the 19th of June, 
that he could enter into no treaty without inftrudfions 
from the Confuls, who, as he truly obferved, then go- 
verned the French nation. 

In the mean time, meafures were taken by the Bri- 
tifh government to drive him from that country, which 
he would not leave by capitulation. Early in the cam- 
paign, a body of 12,000 men had been put under the 
command of Lieutenant-general Sir James Pulteney, to 
aft in the Mediterranean in fuch a manner as might 
moft annoy the enemy, and divide their force. The de- 
fign was fplendid ; but it was completely difconcerted 
by the fatal iffue of the battle of Marengo. The force 
under Sir James, however, might flill be employed with 
advantage to the common caufe ; and as there was rea- 
fon to believe that France and Spain had formed the 

plan of marching an army into Portugal, the lieutenant- French 
general was direfted to reconnoitre Ferrol, and make Kev

l°^10^, 

an attempt upon the place, fhould he deem fuccefs pro- v j 
bable, with little lofs of men and of time. He landed 4.4 
his troops on the 25th of Augufl, and got poffefhon of Sir J^me* 
the heights which overlooked the town ; but finding it 
better fortified, and occupied by a flronger garrifon, 
than he had expefted, he judged fuccefs unattainable, 
without fuch a lofs of men as wmuld render the army 
incapable of carrying into effeft the objefts of its future 
deftination. He therefore reimbarked, on the morning 
of the 27th, without having fummoned the garrifon, 
thrown a {hell into the town, or fired a (hot ugainft the 
ramparts. 435 

Sir Ralph Abercroraby had been fent to fuperfedeSir Ralph 
Sir James Pulteney, and take upon himfelf the com-Abercrom- 
mand of the army afting in the Mediterranean. Ha- ^ 
ving carried reinforcements with him, btfides a train of 
artillery from Gibraltar, he touched at Minorca and 
Malta, wdience he proceeded towards the coait of E- 
gypt. Meeting, however, with unexpefted delays on 
the coaft of Afia Minor, the forces, under the joint 
command of Lord Keith and him, did not arrive at 
Alexandria till the ill of March 1801. On the follow- 
ing day the fleet made fail for the Bay of Aboukir, 
where it anchored. The fea running high, no difem- 
barkation could be attempted till the 7th, w'hen, at 10 416 
o’clock A. M. the firll divifion made good its landingI-ands in 
in the face of the French, v/ho, to the number of 4000 
men, were polled fo advantageoufly, that, in the opi- 
nion of an eye-witnefs *, they might have refilled the* Mr Bald- 
world. Our limits permit us not to dwell on the maf-j^^^V^ 
terly plan of the commander in chief, or on the cool in-Rejieflicns 
trepidity of General Moore in carrying it into execu- relative ia 
tion. Suffice it to fay, that by 2000 Britilh troops the d,gyft. 
enemy were driven from their pofition with the lofs of 
fome field pieces, which were immediately turned againlt 
them ; and that the difembarkation was continued du- 
ring that and the following day. 

On the j 2th the whole army moved forwards, and 
coming in fight of the main body of the French, at- 
tacked them on the 13th, when, after an oblliiiate con- 
tell, and confiderable lofs on both fides, viftory declared 427 
for the gallant Abercromby. The blow was followed Fights the 
up with vigour ; and on the 21ft. 
battle was fought, with a fimilar event, at the dillance 
of about four miles from Alexandria. It commenced 
early in the morning, and u'as continued long ; viftory 
leaning fometimes to one fide and fometimes to the 
other ; but at laft the French gave way in all direftions. 
The heroifm difplayed in this brilliant aftion raifed the 
military charafter of the Britifh nation as high as its 
naval charafter ; and the magnanimous conduft of the 
commander in chief, who, that the ardour of his troops 
might not be damped, concealed, for two hours, the 4,3 
bitter anguifh of a mortal wound, has feldom been In which 
equalled, and can hardly be furpaffed. The lofs on ourhe ** mor“ 
fide, in killed, bounded, and miffing, was upwards °f^o^ncie(j 
1500, among whom were feveral gallant officers befides 
the general. The lofs of the French was computed at 
4000. 

As thefe two battles may be faid to have decided 
the fate of Egypt, we fhall return to Europe, where 
events had taken place of as great importance as any 
which had occurred during the war. The northern 

powers,. 

a Hill more decifive^a.tt)e °,f . Alexandria. 
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French powers, long envious of the naval fuperiority of Bri- 

RC71co0n,tain’ and influenced by the Emperor Paul, who feemed 
v to be leagued with the Conful of P'rance, had re- 

vived the armed neutrality lirlt formed by Catharine II. 
dt!,™£ t^e -American war; and claimed the right of 
treading to the ports of France, without having their 
veffels fearched by the Englifli cruifers. That confe- 
deracy the Britilh minifters had determined to break 
when, to the iurprife of the whole nation, and the deep* 
regret of the better part of it, they fuddenlv retired 
from office. 

Of a meafmc fo little expected, various caufes have 
been affigned ; but that which was in a manner avowed 
in parliament, was a difference in the cabinet refpe&ing 

■ Catholic emancipation. With much addrefs the mini- 
fh y had accomphfhed a legiflative union between Great 
Bntam and lieland (See Ireland, in this J ; and 
it has been faid, but certainly not proved, that the Lord 
Lieutenant had been authorifed, to hold out to the 
Irifh Catholics a repeal of the tejl aff, as an inducement 
to them to comply with the meafure. Such a bribe as 
this, clandeftinely offered, is very unlike the fpirit as 
well of Mr Pitt as of the Marquis Cornwallis ; and we 
do not believe that the offer was ever made. There 
feems, however, to be ho doubt but that the minifter 
propofed the meafure in the cabinet after the union ; 
that the king, with that confcicntious regard which he 
has uniformly difplayed to the conftitution, put his ne- 
gative upon it ; and that in confequence Mr Pitt and 
his friends immediately gave in their refignation. 

Their places were fupplicd by men who had gene- 
rally fupported their meafures during the war ; and it 
has even been fuppofed that thofe who retired from 
office recommended their fucceffors. Mr Addington, 
then fpeaker of the Houfe of Commons, w^as appointed 
firft lord commiffioner of the treafury and chancellor of 
the exchequer ; Lord Eldon, lord high chancellor; 
the Earl of St Vincent, firft lord commiffioner of the 
admiralty ; Lord Hawkefbury and Lord Pelham, fe- 
cretanes of ftate for the foreign and home departments; 
and the Hon. Colonel Yorke, fecretary at war. The 
old miniftry was diffolved on the nth of February ; 
but, owing to a fevere illnefs of his Majefty, it was the 
middle of March before any of the new minifters, except 
Lord St Vincent and Lord Hawkefbury, entered upon 
their offices ; and during that period of difmay, Mr Pitt 
and his friends guided the helm of ftate. 

The new minifters began their career with pledging 
themfelves to leave nothing unattempted to bring about 
a fafe and honourable peace with the French republic; 
but in the mean time they proceeded with vigour to 
carry into effett the warlike plans of their predeceffors. 

The northern confederacy had by this time adopted 
meafures the moft hoftile. A Daniffi army under the 
command of Charles Prince of Heffe took poffeffion of 
the free and imperial city of Hamburgh, for the ex- 
prd's purpofe of hurting the Britiffi commerce; and 
the King of Pruffia, with that unaccountable policy 
which has marked the whole of his conduft, ordered a 
large army into the ele&orate of Hanover, To chaf- 
tilc this infolence and diffolve the confederacy, an ar- 
mament was fitted out in the Britifh ports, confifting 
o: feventcen fail of the line, four frigates, four floops, 
ard iot e bomb veffels. This fleet, under the command 
of Admiral Sir Hyde Parker, Vice-Admiral Lord Nel- 
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fon, and Rear-Admiral (now Sir Thomas) Graves, French 
failed from Yarmouth on the 12th of March; and ^volutio*, 
paffing the Sound, appeared on the 30th before Copen- l8o°- 
hagen. T. he Danes feemed undifmayed ; for neither 
the town nor their fleet could be annoyed, but by the 
Britifli admiral’s conduaing their force through a chan- 
nel of fuch intricate navigation, that, thirty years be- 
fore, it was thought hardly fafe to attempt it with a 
iingle flop oppofed to no enemy. Lord Nelfon, how- 
ever, having founded the channel, undertook to pilot 
through it a large divifion of the fleet, of which he re- 
quefted and obtained the command from Sir Hyde 
Parker, with Rear-Admiral Graves commanding im- 
mediately under him. 

As the fecond rates were thought to draw too much Which de- 
water for fuch a navigation, the twelve fhips fele&edi7°?nthc 

for the attack carried each from 
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Danifli 
which were added four frigates7 four floopS°, Wo fire° 
Imps, and feven bombs. The force oppofed to this ar-hagen. 
mament was tremendous, confifting of fix fail of the line; 
eleven floating batteries, mounting each from 26 twentyl 
four pounders to 18 eighteen pounders; one bomb- 
flup, and feveral fchooner veffels in the line. Thefe 
were fupported by the Crown Iflands, mounting eighty- 
tight cannon ; by four fail of the line, moored in the 
harbour’s mouth ; and by fome batteries on the Ifland 
of Amak. 1 his force Lord Nelfon attacked on the 
2d of April; and after an obftinate a£ion for four 
hours, iilenced the batteries, and took, burnt, or funk 
feventeen fail, among which were feven fail of the line. 
On both fides the carnage was great, the Britiffi having 
943 men> including officers, killed and wounded; whilfl 
the lofs of the Danes was at leaft double that number. 

*^ult °* tlu? brilliant action, to which nothing The reftlt 
will be found fuperior in the annals of naval war, was a°f this ac- 
fufpenfion of hoftilities, and, on the part of Denmark,tion’ 
of the treaty of armed neutrality, for fourteen weeks. 

As loon as the dilabled ffiips were repaired, the Bri- 
tifli fleet lailed for Carlfcrona, off which it appeared 
on the 19th of April. The admiral immediately ac- 
quainted the governor with what had been tranfa&ed 
at Copenhagen, requefting from his Swediffi majefty an 
explicit anfwer whether he meant to adhere to or aban- 
don the hoftile meafures which he had taken in con- 
junaion with the court of Peterffiurgh. The anfwer 
returned was extremely equivocal ; but intelligence be- 435 
mg icceived of the fudden death of the Emperor Paul °f 
on the r-jd of March; and Lord Nelfon, who had fuc.

death of th* 
ceeded Sir Hyde Parker in the command of the Britiffi p?J,?er0r 

fleet, writing in more decided terms than his predecef- 
for, the court of Stockholm followed the example of 
that of Copenhagen. The young Emperor Alexander 
foon afterwards, aduated by a fenfe of juftice, reftored 
the Britiffi property which his father had confifcated; 
relmquiffied his ill founded claims to the ifland of Malta, 
which by this time had furrendered to the Britiffi forces; Surrender 
and agreed to a fearch of neutral ffiips bound to the°f Malta, 
ports of a nation at war with another. It was indeed 
to fuch a fearch only by ffiips employed entirely in the 
fervice of government that his Imperial Majefty thus 
.agreed ; but this is perhaps all that the Britiffi govern- 
ment could reafonably afk ; and.the granting of it put 
an end to the northern confederacy. 

At the figning of the armiftice between the Auftrian 
and French generals in 1800, the Republican troop* 

were 
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French were mailers of Germany almofl to the banks of the 

Revolution, lnn> and of Italy almoft to the confines of Venice. The 
fpirit of the Emperor, however, was not yet broken, 
and he refufed to abandon his allies by confirming the 
preliminaries of peace to which Count St Julian, ex- 
ceeding his powers, had agreed at Paris. General 
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eluded at Luneville on the 9th of February 1801, be- Trench, 
tween the Emperor in his own name and in the name ofRev',ll,tio',s 
the Germanic body, and the Firft Conful of the French l8°'* 
republic in the name of the French people. The terms 
of this peace differed little from thofe of the treatv ofPeacebe- 

• A . Vr  "o       CampoFormio; only, the Emperor bound himfelf to'weenAu 
Kray having retired from the fervice, the command of cede to the Duke of Modena, as an indemnity for thefrHa ani 

his army was given to the Archduke John, and the countries which that prince had loll in Italy, the Brif.f 

Emperor in perfon repaired to it with him ; but they gau, and to find in the Germanic empire indemnities to 
aH thofe princes who, by the fate of war, had been de- 
prived of their dominions; while the Grand Duke 

France 
  1 1   J    ~ '  — 7 j 
foon found it incapable of adling offenfively againfl 
Moreau, and another armiflice was agreed to, including 
Italy as well as the empire. The condudl of the Em- 
peror was, on this occafion mod honourable. Fie 
wifhed to comprehend Great Britain in any treaty of 
peace to be negotiated between himfelf and the Conful; 
and the Cabinet of St James’s had agreed to fend a 
plenipotentiary to a congrefs to be held for that purpofe, 
at any place agreed upon by the courts of Vienna and 
Paris. The Conful however would not admit a Britifh 
plenipotentiary unlefs a naval armiftice fhould be previ- 
oufly agreed to between France and England ; and be- 
caufe the court of London rejefted a propofal unpre- 
cedented, and in itfeif fo very unreafonable that even 
he who made it did not expeft it to be agreed to, 
Moreau received orders to recommence hoftilities. 

The Auftrian army was now under the command of 
Generals, whofe names had fcarcely reached beyond 
their own country, and who foon fhewed that they had 
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ftrians and little experience in the art of war. While Moreau was 
brench. meditating the plan of his winter campaign, the right 

wing of his army was attacked by the Andrians with 
fuch fpirit and fuccefs, as feemed to reduce him to the 
necefiity of a&ing on the defenfive ; and he would have 
been completely ruined, had Klenau made a temperate 
ufe of his victory. This, however, he did not ; for, 
elated with his good fortune, he quitted his drong po- 
fition on the Inn, and attacking his vigilant and able 
antagonid near the village of Hohenlinden, was com- 
pletely. defeated, with the lofs of 80 pieces of cannon, 
200 caiflbns, and, if any credit be due to the French 
official papers, no lefs than 10,000 prifoners, befides an 
immenfe number left dead on the field of battle. 

Moreau, without differing the Audrian commander 
to rally his fcattered forces, marched dire&ly to the 
Inn, which he eroded on the 9th of December 1800 ; 
and driving his enemies before him, druck the court of 
Vienna with terror and difmay. Prince Charles was 
fuddenly recalled to the command of the army ; and af- 
ter making one fruitlefs effort to retrieve the affairs, not 
only of Audria, but of Europe, he propofed an armif 
tice, which on the 27th of December the French gene- 
ral was glad to accept, on condition that Deace diould, 
without farther delay, follow this third ceffation of hof- 
tilities. Could the Archduke have depended on his ar- 
my, weakened as it was, this armidice would probably 
not have taken place ; for the pofition held by Moreau 
was tremendous. Iffe had plunged himfelf into the very 
heart of Audria, leaving behind him, on his right, the 
Tyrol, filled with troops to the amount of 30,000 ; be- 
fides the divifions of Klenau, Simbfchen, and Rifken- 
field, with the legion of Bohemia, forming more than 
50,000, on his left. But the fpirit of the Audrians 
was broken, and the principles of too many of their of- 
ficers were corrupted. 

1 his armidice was followed by a treaty of peace can- 
Suppl. Vol. II. Part II. 

nions; while the Grand Duke of 
Pufcany was to renounce, for himfelf and his fucceffors, 
the Grand Dukedom, and that part of the Ifle of Elbe 
which depends on it, in full fovereignty to the infant 
Duke of Parma, obtaining a full and complete indem- 
nity in the empire ! On the judice or injudice of fuch 
a treaty we make no remarks: the fads will fpeak for 
themfelves to every one of our readers. 

On the 28th of March a treaty of peace was likewife Between 
concluded between the King of the two Sicilies and the Trance an<3 
French republic; in which his Sicilian Majedy boundNaTIes; 

himfelf to ffiut all the ports of Naples and Sicily againd 
Turkifh and Englifh fhips, as well merchantmen as fhips 
of wai, till the concluhon of a definitive treaty of peace 
between thofe two powers and the French republic, and 
likewife between England and the powers of the north. 
Fie renounced likewife, for himfelf and his fucceffor-.* 
Porto Longano in the Ifle of Elbe, and every thing be- 

Fortugal. 

longing to it in that ifland ; together with the dates of 
the 1 refides in Pufcany, which, writh the Principality 
of Piombino, he ceded to the French government, to 
be by it difpofed of at its pleafure. In both thefe trea- 
ties the Fiench plenipotentiaries took upon themfelves 
to atl for the Batavian, Helvetic, Ligurian, and Ci- 
lalpine republics, as it thefe dates were provinces of 
France. 

Great Britain was now left to carry on the war with- 
vout a Angle ally but the Turks in Egypt and the Por- 
tuguefe in Europe ; and thefe, indead of being able to 
lend her aid, contributed only to diminifh her force by 
dividing it. At the indigation of France, Spain had And be- 
attacked Portugal, and conquered fome of her provin-tween 
ces; but on the 6th of June a treaty of peace wa8iS}’ain and 

concluded between thofe two powers ; by which the 
king of Spain redored all his conqueds except the for- 
trefs ofOlivenza with its territory and inhabitants from 
the Guardiana, which was henceforth to be the boundary 
on that fide between the two kingdoms. On the other 
hand, the Prince Regent of Portugal and Algarva en- 
gaged to dint the ports of his whole territories againd 
the (hips of Great Britain, and to make good to his 
Catholic Majedy all damages or injury which his fub- 
je&s might have fiidained, during the war, from the 
Britifh navy or the fubje&s of the Queen of Portugal, 
and for which indemnification could rightfully °be 
claimed. 

The Conful having made peace with all his other ene- 
mies, menaced the kingdom of Great Britain with in- 
vafion ; and the people, or at lead part of them, were 
weak enough to be alarmed at his empty threats. To 
banifh this panic from the public mind, Lord Nelfon 
was feat to dedroy the {hipping and harbour of Bou- 
logne. His fuccefs was not equal to the goodnefs of 
his caufe; but, on the 4th of Augud, he made fuch 
an impreffion on the enemy, as put an end to their 

3 ^ dreamt 
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French dreams of invafion, and fhewed live inhabitants of Bri- 

Revolution,they were abler to annoy the 1' rench coall, 
, r801- than the Conful and his myrmidons were to annoy 
^ their’s. It was feen, too, about this time, that the fpirit 

of the Britifh navy was not attached exclusively to the 
hero of the Nile ; fur in the month of July rear-admiral 
Sir Janies Saumartz came up with a fquadron of French 
and Spanifh {hips of war bound for Cadiz ; and though 
their force was fuperior to his own, he took one of 

44i them, and two others wer'e burnt. 
Negotia- Early in this fummer negotiations had been entered 
tionsbe- ;nt0 between the Britifh and French courts for the re- 

tairTaiMi™" ftorati°n 0^' Peace to Europe. The dhjfolution of the 
France! northern confederacy had {hewn the ambitious Conful 

that he could not annihilate the Englifh trade, and that 
of courfe all the treaties which he had made for the ex- 
cluiion of our {hips from the ports of neutral powers 
were of no validity. Elis heart, however, was fet upon 
the retention of Egypt, which every maxim of juftice 
as well as of found policy impelled the cabinet of St 
James’s to wreft from his gripe. The negotiation was 
therefore protracted from day to day, till intelligence 
arrived at London and Fans of the complete conqueit 
pf that country. 

On the death of Sir Ralph Abercromby, the com- 
mand of the Britilh forces devolved upon General Hut- 
chinfon, who foon {hewed that he was not unworthy to 
iucceed fo great a man, and who, as he was probably 
acquainted with the plan of operations formed by his 
deceafed friend, feems to have been a&uated by the 
fame fpirit. Marching with the main body of the ar- 
my towards Alexandria, which was occupied by Me- 
nou, he fent Colonel Spencer with a divifion of the Bri- 
tifh forces, aided by a body of Turks, to attack Ro- 

443 fetta ; which foon furrendered to the Britilh comman- 
Conqueft der. The furrender of Cairo followed, on the zzd 01 
of Egypt. JUne, on terms favourable to the beiieged ; and Menou, 

accepting pf the fame terms for Alexandria, the allies 
became mailers of the whole of Egypt, from which the 
French army, with its baggage, was to be tranfported, 
in {hips of the allied powers, to the neareil French 
ports in the Mediterranean. The intelligence of thefe 
events forwarded the negociation for peace between 
Great Britain and France ; and on the ift of OAober, 
the preliminary articles were iigned at London by Lord 
Jiawkefbury on the part of his Britannic Majetty, and 
M. Otto on that of the French Republic. By this 
treaty Great Britain agreed to the reiteration of all the 
conquelts lire had made during the war; the illand of 
Trinidad and the Dutch poffeffious in Ceylon except- 
ed: The French Republic agreed to the reftitution of 
nothing! The Cape of Good Hope, though reftored 
to the Batavian Republic, was to remain a free port to 
the other contracting parties, who were to enjoy there 
the fame advantages of trade with the Dutch themlelves. 
The ifland of Malta was to he reflored to the Knights 
pf the order of St John of Ju ufalem ; its independence 
was to be guaranteed by Great Britain, Auftria, Rul- 
lia, Pruffia, and France ; and it was to be evacuated by 
the Britilh forces as foon as it {hould be taken poffef- 
Ijon of by the Knights, ami garrifoned by 2000 Nea- 
politan troops. Egypt was to be relieved to the Ot- 
toman Porte ; and the territory of Portugal was to ne 
maintained in its integrity, with the exception of the 
fortreffes and its dependencies,'-ceded by the Prince Re- 
gent to the King of Spain. The French were to eva- 

cuate the kingdom of Naples, and the Roman ftates— French 
the Britifh, Porto Ferrajo, and all the ports and illandsRevolubon} 
that they occupied in the Mediterranean and Adriatic., l802. 

The republic of the Seven Iflands was recognifed by 
France ; the fifhery on the banks of Newfoundland was 
eflabliflied on its former footing ; and, finally, plenipo- 
tentiaries were to repair to Amiens, and there proceed 
to the formation of a definitive treaty in concert wijh 
the allies of the contradling parties. 4 444 

That treaty was concluded on the 2zd of March Treaty of 
J 802 by the plenipotentiary of his Britannic Majefly Amiens, 
on the one part, and the plenipotentiaries of the Catho- 
lic King and the French and Batavian Republics on the 
other; but it differs in fome particulars, as well from 
the letter as from the fpirit of the preliminaries agreed, 
on and fubferibed by Lord Elawkefbury and M. Otto. 
The territorial poffeGions of the Queen of Portugal 
were not maintained in their integrity ; for the boun- 
daries of French and Portuguefe Guiana are, by the 
feventh article of the definitive treaty, fixed by the ri- 
ver Arowary ; the free navigation of which gives to 
France the abfolute command of all her faithful Ma- 
jefly’s dominions in that part of the world. The French 
troops were indeed to be withdrawn from the kingdom 
of Naples and the Roman Hates ; but during the inter- 
val which pafi"ed from the figning of the preliminaries 
to the conclufion of the definitive treaty, the firll Con- 
ful took poffefiion of the ifland of Elba ; and having 
got himfelf eledfed prefident of the Italian republic, 
which he had lately formed, he has fecured a pretext 
for pouring French troops into Italy whenever his am- 
bition may impel him to fuch a meafure. In the view 
of abftradl juftice, fuch deviations from the fpirit of the 
preliminaries, agreed to at London by the accredited 
miniller of the French Republic, would have been a fuf- 
ficient reafon for breaking off the treaty ; but the Bri- French re* 
tifh government, ftudyiug immediate expediency and volution 
the temper of the people, diredted the Marquis Corn-completed 
wallis to fign it. Thus was the French revolution com- 
pleted, and the republic acknowledged by all Europe. 

We cannot, however, difmifs the momentous fubjedl Errors In 
without corredling fome errors into which we fell in the the former 
account of the rife and progrefs of this revolution which 
was publifhed in the Encyclopedia. We do not con‘1der 
thefe errors as disgraceful to ourfelves; for in the midlt 
of commotions which have convulled all Europe, it is 
hardly pofiible to arrive at the truth. When time fhall 
have cooled the paffions of men, and annihilated the 
parties which now divide the nation, the calm voice of 
Truth may be everywhere heard ; but when the article 
referred to was written, the ears of every man was {tun- 
ned with the clamour of fadtion. 

So fenfible of this are the editors of the only impar- 
tial periodical hiftory * which we have, that they venture1# OU An* 
not to publifh their volumes till feveral years have elap- 
fed from the era of the ti'anfadtions which thefe volumes^' 
record; whilff their rivals—the panders of fadtion— 
feize the earlieft opportunities of obtruding their partial 
ffatements and falfe reafonings on the public mind. 

It cannot be fuppofed that one or two men, fuperin- 
tending the publication of a work fo extenfive, and 
treating of fubjedts fo various, as ours, have leifure or 
opportunity to examine with much attention the cor- 
refpondence of ambaffadors, or to expifeate truth from 
the contradidlory publications of the day. We are 

therefore 
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therefore obliged to draw our materials from fuch works revenue for the partial exemptions which they erjoved Krtirh 
as profefs to give a fummary, but impartial, detail of from other taxes. So far, indeed, were the liers-etM *cV',^ma»* 
what is afting on the theatre of the world ; and by from murmuring at the exemptions of the privileged 
thefe works we have often been milled. For the firft orders, that, previous to the illuminiim of the 18th cen- 
error, however, which we iha'll notice in our former ac- tury, they difplaytd, at every convention of the Hates- 
count of the rife of the revolution, we cannot plead even general, the great eft anxiety to maintain the rights of 
this excufe. We ought to have known, that the French the nobility and clergy ; and humbly fupplicated their 
clergy and French nobielfe were not exempted from fovereign to futfer no invafion thereof, but to refpeff 
the pavment of taxes ; and, of courle, we ought not to their franchifes and immunities *. * See Gif- 
have, affigned fuch exemption as one of the caufes of We muft likewife acknowledge, that in n° \ \ 
the Revolution. See that article, Encycl. n 8. and g. article Revolution, we have drawn a very overchar-^. ri'i'r 

By a writer, to wliofe patriotic exertions this conn- ged pifture of the miferies and opprelfion of the French ad ed. 
try is deeply indebted, it has been proved, with a force peafanii under the old government. It is indeed true 448 
of argument which precludes ail poflibility of reply, that they were obliged to ferve in the militia, the efta-^cto,1d 
that the exemption from taxes fo loudly complained of blifhment of which was conducted in France nearly on eiltor‘ 
was very trifling, that it was not confined to the nobi- the fame principles as it is in England. The men 
lity and clergy, and that it did not extend over the were called out by ballot only for a tew days in the 
whole kingdom of France. “ The vingi'mmes, which year during peace, when they received regular pay ; 
may be coniidered as an impoft merely territorial, was but if a militia forms the bell conftitutional defence of 
paid alike by the nobility and the tiers-elat. A great a ilate, this iurely ought not to have been confideml 
part of the clergy was indeed exempted; but their con- as a grievance, efpecialiy lince married men were ex- 
tributions, under a different form, conflituted an ample empted from the iervice. The nobility, too, were ex- 
equivalent. The duties upon the different articles of empted from the rifle of being drawn, for the heft of all 
confumption were of courfe paid by all the confumers, reaions—becauie moil of them had commifTions in the 
except that in the pays d'etat, fuch as Artois and Brit- regulars, and becauie fuch as had not were engaged iii 
tany ; the two firft orders were exempted from paying profefiions, which rendered it impofiible for them to 
the tax upon liquors. But thefe exemptions cannot ferve in the militia. In France, as elfewhere, the pea- 
be deemed very important, when it is known, that in fants would no doubt be averfe from this fervice, and 
the province of Artois they did not exceed 800 guineas might look perhaps with an anxious eye to the fuppo- 
annually, even including the exemptions enjoyed by the fed immunities of their privileged fuperiors ; but if 
privileged members of the tiers-etat.” The Britilh of. mirth, good humour, and focial eafe, may be confidet- 
ficers ferving on board fhips of war are exempted from ed as lymptoms of felicity and content, thefe men fure- 
the taxes paid by the other members of the Hate on ly were not milerable ; for thefe fymptoms never ap. 
wine ; and we believe no good fubjedl has ever mur- peared in any people fo ftrong as among the French 
mured at that exemption. The French nobility were peafants. They were indeed liable to be called out by 
fubjedl to the pole-tax. the intendants of the provinces to work a certain mim- 

“ Of the teilles, the impoft from which it has been ber of days every year on the public roads ; but to this 
falfely afferted that the nobility and clergy enjoyed a fpecies ot oppreflion, it fuch it mull he called, the 
total exemption, there were two Ipecies ; the one per- Scotcli peafants are liable, and were Hill more fo than 
fonal, the other real. In one part of the kingdom, the at prelent, during that period when our parliamentary 
right of exemption was annexed to the property ; in orators declare that the inhabitants of Britain enjoyed 
the other, to the quality ol the proprietor. In the as much freedom as is confiftent with the public trart- 
firft cafe, the privilege was enjoyed by every clafs of quillity. It ought to be remembered, too, that Louis 
perfons, by the tenants as well as the proprietor of a XVI. whole higheft gratification feems to have confiil- 
lief; whilft the gentleman, whole eftate was holden by ed in contributing to the eale and welfare of his fub- 
a different tenure, was obliged to pay the tax. In jedls, thought he faw the neceffity of abolifhing the 
thofe provinces where the other cuftom obtained, the cuilom of the corvee, and had made conliderable ad- 
exemption was confined to a certain extent of property, varices towards the accomplilhment of that objedl fome 
and io that only while it continued in the actual occu- years before the commencement of the revolution. .49 
pation of the privileged perfon ; but as it very feldom That the French monarch was defpotic ; that no The French 
happened that the French nobility kept any land in man in the kingdom was fafe ; that nothing was un-,rnonarch 

their own hands, and as the tax payable by the fanners known to the jealous inquifition of the police ; and that ".,’t 

was of courfe deducted from the rent, the tei/les was, every man was liable, when he leaft expelled it, to be 
in this cafe, ultimately paid by the landlord. The fame feized by lettres de cachet, and (hut up in the gloomy 
obfervations apply, with Hill greater force, to the cler- chambers of the Baftile—has long been common lan- 
gy, who always let their eftates.” guage England, and language which we muft coff- 

in a word, it appears from a formal declaration made fefs that we have adopted (Revolution, ng 12.) vvith- 
by M. Necker to the Conftituent Affembly, that all out due limitations. The French government was cer- 
the pecuniary exemptions enjoyed by the privileged tainly not fo free as that of Britain ; but he who under- 
claffes did not exceed L. 292,000; that the exemptions Hood it better than we do, and whofe writings betray 
appertaining to the privileged perfons of the tiers-etat no attachment to arbitrary power, exprefsly diitinguiflies 
amounted to one half of that lum ; and the droits de between it and defpotifm. “ If (fays Montefquieu) 
eontrole, or duty impofed upon public deeds, and the France has, for two or three centuries pall, incelfantly 
high capitation tax (proportioned to their rank), paid augmented her power, fuch augmentation muft not be ^ 
by the nobility and clergy, made ample amends to the aferibed to fortune, but to the excellence of Ixr "ho,*, liv. 
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Revolution T^11'3’ rureIy*18 not ^ie language of a man who thought ■ "V° " 10n‘himfdf governed by an arbitrary tyrant whofe caprice 
is the law ; nor wm'II it be iaid to be the language of one 
who was either afraid to fpeak the truth or not matter 
of his fubjedt. 

tfth-cM The initrudions of all the different orders to their 
conttitUtion 1at've3, before the fatal meeting of the States 
wiflied by General under the unfortunate Louis, are drawn up iu 
the people language fnnilar to that of this illuftrious magitlrate, 
of France, and furnith a complete proof that they knew themfelves 

to be lafe under the government of their monarchs. 
“ The conftitution of the ftate (fay the clergy) rcfults 
from the fundamental laws, by which the refpedive 
rights or the king and ot the nation are afcertained, and 
iiotn which not the fmal'ell deviation can be made. 
I he hrd of thefe laws is, that the government of France 

is purely monarchical. The nation mult preferve in- 
violate the form of its government, which it acknow- 
ledges to be a pure monarchy regulated by the laws ; and 
fuch it will have it to remain.” 

On the 28th of November 1788, in a general com- 
mittee of the nobles afiembled at Verfailles, the Prince 
ot Conti delivered a note to the prefident, which was 
fandioned by the concurrence of molt of the other 
princes of the blood, and was fuppofed to fpeak the 
general fenle of the nobility ; in which it was infilled, 
that the profcripiion of all nhv systems was nccefj'ary 
to infure the liability of the throne, of the laws, and of 
order ; and that the conllitution, with the ancient forms, 
fhould be preferred entire. In their inftrudions to 
their reprefentatives, they infill that it lhall be exprefs- 
ly and folemuly proclaimed, that the conftitution of the 
French empire is inch, tlTat its government is, and muft 
remain, monarchical ; that the king, as fupreme chief 

* See the 
proteft at 
large in 
itertranJ s 
JVlemoirj, 
vob iii. 
c. 13. 

of the French, is only fubordinate to the fundamental 
law of the kingdom, according to w’hich the conftitu- 
tion mult be eftablilhed on the facred and immutable 
principles of monarchy, tempered by the laws ; and this 
form of government cannot be replaced by any other 
conftitution. 

“ Let our deputies (fays the third eftate), before 
they attend to any other objed, aflill in giving to 
France a truly monarchical conftitution, which mult in- 
variably fix the rights of the king and of the nation. 
Let it he declared, that the monarchical is the only 
form of government admiftible in France; and that in 
the king alone, as chief of the nation, is veiled the power 
of governing according to the laws.” Is this the Ian- 
guage of men groaning under the iron rod of defpo- 
tifm, or wilhing to reduce the power of the crown ? 

Even after the power of the crown was almoft anni- 
hilated, and the order of nobility done away, fo far 
were thefe innovations from being acceptable to the en- 
lightened part of the French nation, that in many de- 
partments of the kingdom they excited open infurrec- 
tions, whilft the members of all the provincial parlia- 
ments oppofed them with unanfwerable arguments fur- 
nilhed by the law. The chamber of vacation of the par- 
liament of Touloufe, in particular, protefted againft the 
proceedings of the States General, becaufe the depu- 
ties, who were empowered only to put an end to the 
ruinous ftate of the finances, could not change the con- 
ftitution of the ftate without violating their initrudions, 
and the faith fvvorn to their conftituents *. 

That lettres de cachet w ere liable to abufe, and that 
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occafionally they w-ere grofsly abufed, is certain. The French 
ule ot them ought therefore to have been either annul-^ev° utitR 
led, or, which would have been infinitely better, fub- '     

jeded to fuch rules as ftiould prevent all danger from Letlm A. 
tnem to the real liberties of the people ; for the govern-cachet, 
ment would be ot no ufe whatever which fhould pofTefs 
no power capable of being abufed by defpotifm. Yet 
after all the noife that has been made about lettres de 
cachet, it is but juftice to obferve, that in the towers of 
the Baftile, when it was taken by the mob, were found 
no more than feven prifoners ; of whom four were con- 
fined tor forgery ; one was confined at the requeft of 
his family on charges of the moft ferious nature; and two 
were fo deranged that they were fent next day, by thofe 
philanthi opifls who had taken them out of comfortable 
chambers, to the mad houfe ! [ hat the chambers of 
the Baftde were as comfortable as the chambers of a 
priion could be, we are affured by M. Bertrande de 
Moleville, who can be under no inducement to deceive 
the Britifh public, and whofe opportunities of difeover- 
ing the truth were inch as no man will call in queftion. 

In our account of the opening of the States General* BluiSr of 
we have expreffed too much deference to the charadler Necker. 

Necker. Fo that man’s irrefolute, if not treach- 
erous, conducl, may, with truth, be attributed all the 
fubfequent miferies of France. It w>as about the mode 
of verifying their powers that the three orders of the 
ftate lit ft differed ; but that mode fhould have been de- 
fined by the miniftry in the letters lent to the different 
bailiwicks for the convention of the ftates. Even this 
omiflion might have been repaired after the arrival of 
the deputies at Verfailles ; for none of them fhould have 
been admitted into the hall of the ftates, far lefs fhould 
the king have met them there, till the Council had been 
fatisfied of their being duly e!e<fted. Had either of 
tntfe cautions been oblerved, the tiers-etat never could 
have got tne aicendant over the other two orders, and 
the bulmefs ot the nation would have been condudled 
as formerly in three different chambers. M. Neckev’s 
rejection of Mirabeau’s advances Ihewed him to be very 
ill qualified to condud the helm of affairs at fuch acri- 
fis ; and his abfenting hnnfelf from the royal feffion, a 
mealure which he had adviled, betrayed the utmoil in- 
gratitude to his gracious mailer. 

In our account of the royal feffion, we were led into 
a.miftake, which calls loudly for corre&ion. The cir- 
cumftances of that feffion w'ere very different from what 
they appeared to us when we wrote n° 24. and 2 5. of 
the article Revolution. The royal feffion was pro- 
claimed in eonfequence of the violent ufurpations of the sdfior 
tiers-etat, and the irreconcilable differences w hich fub- ^ ^ 
lifted between that body and the two higher orders ; 
and fo far is it from being true that the prefident and* 
members of the third ftate found their hall unexpededly 
furrounded by a detachment of guards, that their fit- 
tings were only fufpended, for the belt of all reafons, 
with thole of the other orders. To be convinced of 
this, we need but to attend to the following proclama- 
tion which was made by the heralds, .011 the 20th of 
June, between feven and eight o’clock in the morning, 
in the ftreets and crofs-ways of Verfailles : 

“ June 20th. (By order of the King.) The King 
having refolved to hold a royal fitting in the States 
General, on Monday next the 22d of June, the prepa- 
rations to be made in the three halls ufed by the affem- 

blies 
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Frenth biles ox the orders, make it neceflary that thofe aficm- 
icvolution.^j^g {hould be fufpended until after the faid fitting. 
^ Majelty will give notice, by another proclamation, 

of the hour of his going to the Aflembly of the States 
on Monday.” 

M. Badly, the prefident of the tiers-etat^ had been 
made acquainted with the objedf of this proclamation, 
by a private letter which was fent to him by the Mar- 
quis de Breze at feven o’clock in the morning ; and to 
which he replied, “ that having received no orders from 
the King, and the affembly having been announced for 
eight o’clock, he fhould attend where his, duty called 
him.” 

He repaired, accompanied by a great number of the 
members of the tiers-etat, to the door ot the hall of 
the States, demanded admifiion ; and on being refufed 
by the officer on guard, according to his orders, with 
which he acquainted him, he declared that he protefted 
againft fuch orders, and that he fhould give a report of 
them to the Affembly. To do this he had not far to 
go, as three-fourths of the deputies of the tiers-etat 

454 were already colledfed round him, or in the avenue 
Fadhous leading to the palace. There it was that, furrounded 

the°affem^^an immenfe crowd of people, they declaimed in the 
bly. moft violent manner againft this pretended adt of defpo- 

tifm. “ The National Affembly is to be diffolved (faid 
they), and the country to be plunged into the horrors 
of a civil war. Want reigns every where ; every where 
the people fee famine flaring them in the face. This 
we were about to put an end to, by rending the veil 
which covers the manoeuvres of the monopolilts, the 
engroffers, and the whole tribe of mifcreants. The 
jLouifes XL and XIII. the Richelieus, the Mazarins, 
the Briennes, attacked with their defpotifm jonly indi- 
viduals or fmall bodies ; but here it is. the whole nation 
that is made the fport of the whims of a defpotic mi- 
niftry. “ Let us meet upon the Place d?Armes (faid 
one of thofe orators) ; there we fhall recal fome of the 
nobleft days of our hiflory, the National Afimblies of 
the field of MayP “ Let us affemble in the gallery of 
the palace (faid another) ; there wre lhall prefent a new 
fight, by fpeaking the language of liberty, in that cor- 
rupt hall, where a little while lince the head of him 
who fhould have uttered that facred word would have 
been devoted to the executioner. — “ No, no (faid a 
third), let us go to Marli, and hold our fitting on the 
Terrace:—let the King hear us ; he will come from his 
palace, and will have nothing more to do than to place 
himfelf in the midfl of his people to hold the royal fit- 
ting.” 

At the conclufion of thefe declamations, the foie ob- 
jeft of which w'as to alarm and exafperate the people, 
the Aflembly decided upon transferring their fitting to 
the Tennis-court, in the ftreet called Rue du Vieux Ver- 

failles. There M, Bailly read the letter which he had 
icceived from M. de Breze, and his anfwer to it ; which 
he had fcarcely done, when a fecond letter from M. de 
Breze was put into his hands, the contents of which 
were as follows : 

“ It was by the King’s pofitive order, Sir, that I 
did myfelf the honour of writing to you this morning, 
to acquaint you that, his Majeily purpofing to hold a 
royal fitting on Monday, and fome preparations being 
requifite in the three halls of the afftmblies of the or- 
ders, it was his intention that no perfon fhould be ad* 

mitted into them, and that the fittings fhould be fuf- French 
pended till after that to be held by his Majefty.” Revolution. 

In this there was furely no marked difrepedt to the 
reprefentatives of the people ; but fuch notions were 
countenanced by M. Necker, who appears indeed, on 
this occafion, to have been in clofe compadl with the 
leaders of the mob. The popular violence that was 
employed to compel the majority of the clergy to join 
the tiers-etat is well known ; and we have, in Ber- 
trand's Annals of the Revolution, what amounts to evi- 
dence almoft legal, and quite fufficient to enforce cqu- 
vidtion, that Necker diredted that violence. 

In our account of the commotions which were ex- 
cited in Paris on the firil difmiffion of that minifter and 
his banifhment from the kingdom, we have been led by 
our democratic journalifls to give circulation to a grofs 
calumny publifhed by them againft the Prince de Lam- 
befc. (See Revolution, n° 36. and 37.) The truth, 
which is fo much difguifed in thefe two numbers, is as 
follows: 455 

“ A detachment of the Royal Allemand, fent to dif- Conduct of 
perfe the mob which was patrolling the ftreets in Pro" la'mbtfc 
ceffion with the bulls of Necker and the infamous Or-vmdiCated, 
leans, received a volley from the French guards as they 
were paffing their quarters on the Chaujfee d'Antin, 
flopped to return it, and continued their march without 
quickening their pace. There were fome foldiers kill- 
ed and wounded on both fides, but fewer of the re- 
giment of Royal Allemand than on that of the French 
guards. 

“ The detachment marched to the place Louis XV. 
and there found a body of dragoons who had been dif- 
perfing the procefiion. The two bufts were broken to 
pieces ; and the populace in their fright taking refuge 
in the garden ot the Thuilleries, the Prince de Lam- 
befc purfued them thither, at the head of the detach- 
ment of Royal Allemand, according to the orders which 
he received. This fmall troop coming up to the head 
of the Pont-tournant (or turning bridge), at the extre- 
mity of the garden, found a kind of barricade, haftily 
formed by chairs heaped upon one another : while they 
were removing this obftacle, they received a fhewer of 
ftones, broken chairs, and bottles, from the two ter- 
races, between which the Prince de Lambefc drew up 
his troop, keeping conflantly at their head. Some 
guns and piftols were difeharged at them, which did no 
hurt ; but leveral of the troopers were much bruifed by: 
the things that had been thrown at them,, and an oulcer* 
wasfevertly wounded by a ftone. 

“ The Prince de Lambefc, keeping at fix paces from 
the bridge, oppofed only a fleady front to the aggref- 
fions of the populace. Seeing that this poft became 
untenable, and that it was impoffible for him any longer 
to reftrain his troopers from repelling force by force,, 
he gave the order for retreating out of the garden. At 
the fame inilant a cry was. heard from all fides of, turn 
the bridge, turn the bridge ; and fome perfons, in confe- 
quence, ran find began to do it. ^The Prince de Lam- 
befc, juftly fearing that a moft bloody carnage would 
be the inevitable confequence of it, orderedLome piftols 
to be fired in the air towards the bridge, to awe thofe 
who were driving to turn it. As the report of this- 
volley did not deter them, he rode up himfelf, and with, 
his fabre ftruck one of thofe who were working hardeft.j 
The man ran off j and the Prince paffing the bridge* 

withj 
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French with his detachment into the Place Louis XV. drew 

Kevoluti' n. Up near tj)e gtatue> and being foon joined by the Swifs 
^ regiment of Chateauvieux, toofe his poft with this force 

near the Gardetneuble, where he remained fome time, 
having placed the infantry before him. At ten at night 
part of the troops were difmiffed to their quarters* and 
the reit fent to Vei failles.” Thtfe facts being all judi- 
cially coniirmed, prove how much the Prince de Lam- 
Jaefc’s conduct was calumniated by thole journalilts 

4-6 whofe detail w^e ralhly adopted. 
True ac- In our account of the taking of the Ballile, mifltd 

tI°Untk^ hy °Ur tlcac^erou3 guides, the journalifts, we have 
of^the B ? greatly magnified, the military Hi ill and prowefs of the 
ftiie, alfailants. That celebrated fortrefs was defended by a 

garrifou conlilting of no more than 114. men, of wiiom 
82 were invalids. It was attacked by 30,000 met) and 
women, armed with mufkets and pikes, and furniihed 
with a train of artillery which they had found at the 
Hotel des ImxaMds, given up to them by the timidity of 
the governor. Even this multitude would have been 
quickly repulfed from the Baftfle, if the governor of 
that llate-prifon, who had received no orders from the 
court, had been lefs reluctant to (bed the blood of his 
rebellious countrymen ; for the Parilian mob had then 
difplayed nothing of determined courage. A few dif- 
charges of mufquetry, and one of caniiter fhot from a 
fingle cannon, had thrown them into confulion, and 
made them Ikulk behind the walls, when the ill-timed 
humanity of the governor made him enter into a treaty 
with the rebels, ftipulating only that the garrifon fhould 
not be mafiacred. Plow the ftipulation was obferved 
with refpeft to the governor himfelf, we have faithfully 
related ; but we were mi ft a ken when we faid that the 
“ French guards fucceeded in procuring the fafety of 
the garrifon.” The guards, with the utraoft difficulty, 
laved indeed fome of them, but moft of the invalds re- 
maining in the courts of the caltle were put to death in 
the moft me reliefs manner. 

And of the Our account of the murder of M. de Fleftelles (n° 
murder of 40.) appears likewife to be very incorretft. This man 
M.de Flef-Was pre!idertt of the affembly of Eledfors at Paris (See 

Revolution, n° 45.), and had not quitted the Hotel 
de Vide, where their rebellious meetings were held, du- 
ring the whole time of thefe dreadful commotions. He 
had even figned all their atrocious refolutions, but be- 
came fuddenly fufpeched from the confternation which 
he manifefted at the fight of fo many horrors, and efpe- 
cially at the ctuel and treacherous murder of the go- 
vernor of the Baftile. The confequence was, that he 
was treacheroufly murdered himfelf by one of the vil- 
lains compoling that aflembly in which he ptefided. 
“ The eledlors (fays M. Bertrand de Molleville) hoped 
to extenuate the horror of this affaflination, by caufing 
it to be confidered as a natural and almoft lawful ven- 
geance for a treachery, the proof of which they pre- 
tended to have. In fadf, they declared, that when M. 
de Launay, the governor of the Baftile, was arrelted, a 
letter had been found in his pocket from M. de Flef- 
felles, containing this exprtffion : ‘ I am amufing the 
Parifians with cockades and promifes ; hold out till 
night, and you will receive a reinforcement.’ But this 
fuppofed letter, which, had it exifted, they would not 
have failed to preferve very carefully, was never feen by 
any body ; and I heard M. Bailly himfelf fay, in a vifit 
he paid me when he left the mayoralty, that he had 

no knowledge of it, and that it was not in- hk power Fretu-h 
to refer to any one who had told him that he had read‘Ucvolutio* 

In our account of the earlier tranfa&ions of the Re- Amtfdon 
volution, we omitted to mention a very extraordinary and ci'vvar. 
inftance of ambition to which the Duke of Orleans wasciica of "he 
incited by Count Mirabeau, but which that unnatural 
monfter wanted courage to carry into effeOl. During ’ d ’ 
the commotions which prevailed in the capital on the 
difmiflal of M. Necker from the miniftry, Orleans was 
perfuaded by Mirabeau to offer his fervices as mediator 
between the king and his rebellious fubjedts ; but to 
ftipulate, at the fame time, for his appointment to the 
high office of lieutenant-general of the kingdom as ne- 
ceffary to give his mediation due weight with the re- 
bels. The real objeft of the profligate Count, in this 
dangerous propofal, and which he did not deign even 
to conceal, was to pave the way for the infamous Duke 
ftepping into the throne of his relation and virtuous 
fovereign. He even went fo far as to compofe the 
Ipeech with which Orleans was to addrefs the king on 
the occalion ; but that coward, when he arrived at the 
palace, was fo embarraffed by the confciuufnefs of his 
own wicked defigns, that inftead of aficing the office of 
lieutenant general, he only requefted permiflion to re- 
tire into England ! ! A requeft which was inftantly 
granted. 

This brought upon him the contempt and indigna- 
tion of Mirabeau ; but ftill there was a party defirous 
of placing him on the throne. This we think evident 
from an atrocious fadfc mentioned in all the journals, 
and confirmed by M. Bertrand. “ When the king, on 
his firft vifit to Pans (See no 44.) had arrived at the 
Champ Ejifees, three or four guns were fired at once. 
It was never known whence they proceeded ; but it is 
certain that an unfortunate woman in the crowd, who 
was in the diredlion of his Majelly’s carriage^ was fhot 
at the time, and lelldead on the fpot.” As the King’s 
carriage held at the time exactly four perfons, M. Ber- 
trand very naturally concludes that thefe four ihots, 
fired at once in its direction, had been ordered and paid 
for; and we are unwilling to believe that at that period 
of the revolution there was any party difpofed to pay 
for the murder of the fovereign but the Duke of Or- 
leans and his infamous adherents. That be was equal 
to this wickednefs cannot be doubted, when it is known 
that legal evidence was afterwards produced that he, 
with fome other members of the Affembly, fecretly di- 
rected the inlurreCtion of the 5th of Odtober, and pro- 
moted the outrages of that and the fucceediug day by 
the diilribution of money and bread *. * Bertrand's 

We have laid (n° 48.), the origin of the report of a -Annals> 
train of gunpowder being laid by M. de Memmay, to™1'^’ 
blow into the air a number of patriots, has never been 
well explained. It was proved judicially, that at the M. Mem- 
period when the feaft was given by M. Memmay to the may vindi- 
inhabitants of Vefoul, he was fetting vines in a ftonycatCt1' 
foil, where he was often obliged to blow up the greater 
rocks. Some foldiers running through, and ferreting 
every where in the houfe and out-houles, unfortunately 
took a candle to the dark corner where the barrel of 
gunpowder was lodged, and fet it on fire, in trying to 
lee if it contained wine. Thefe fafts, reported and at- 
tefted in a memorial drawn up by M. Courvoifier, fo 
completely juftified M. de Memmay, that the Affem* 
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French bly could not avoid teftifying his innocence by a decree 
Revolution. the 4th of June. 
‘ ■ Xu n° 70 we have faid that the National Aflembly, 
The powers after its removal from Verfailks to Paris, was in toler- 
of the af- able fecurity ; but M. Bertrand has proved, by evidence 

the moft incontrovertible, that it did not think itlelf 
feeure ; and that if the minilfers had been capable of 
employing events to their own advantage, the powers 
of that fa&ious body mu ft. have been recalled by its 
own conllkuents. The horrible outrages committed 
on the 5th and 6th of O&ober had Ihocked all France. 
The wanton coufifcation of the property of the church, 
had demonfti ated e)5 every man of found judgment, that 
under the new order of things no property could be fe- 
cure : and by the defertion of its more virtuous and 
moderate members, the Affemhly bad become a rump 
affnnbly. It was therefore much alarmed when the inter- 
mediate com minion of the ftates of Cambrefis entered, 
on the 9th of November, into a refolution, in which, 
confuiertng—“ that certain decrees of the National 
Aftembly are paving the way for the ruin of the king- 
dom, and the annihilation of religion ; that if they have 
been able to place one fpecies of property at the difpo- 
fal of the nation, men of all kinds of property may ex- 
pert the fame fate ; they declare from this moment, 
the power of the deputies of Cambrefis to the National 
Afiembly to be null and revoked.” Had M. Necker 
and his colleagues had addrefs to get fimilar refolutions 
entered into at the fame time by the eledlors of all the 
bailiwicks of the kingdom, the Affembly mult have 
been diffolved, and France, even then, might have been 
faved; but thofe minifters were themfelves nothing 
more than the humble and docile agents of the Afiem- 
bly- 

There is no part of our former narrative more incor- 
-ft^rea, or more likely to miftead the public, than our ac- re 00a, count tjie re^i00i It is fuch, however, 

as was then current, without any addition or aggrava- 
tion by us. The villains (k) who, in direft contradic- 
tion to their own folemn promife, as well as to every 
principle of honour, made part of that book public, had 
the impudence to affirm, that by the fupprelfion of the 
fuperfiuous penfions regiftered in it, a faving would be 
made to the public of near a fifth in the bulk of the ex- 
pences of every year. M. Bertrand, taking for granted 
the accuracy of their ftatements, for the exaggeration 
of which, however, he urges arguments more than plau- 
fible, proves, if arithmetical calculation affords proof, 
that by the fuppreffion of fuch penfions as even they called 
fuperfiuous, the faving in the bulk of the annual ex- 
pences could not poffibly have amounted to more than 
the two hundredth part ! It was not therefore without 
reafon that M. Necker, in anfwer to their publication, 
faid, “ I know not whether the books of the finances 
of any fovereign in Europe can Ihew a fimilar total.” 

Our account of the mutiny of the foldiers at Nancy 
(n° 83.) is very inaccurate. Far from being excited 
by the officers that mutiny was the natural confequence 
of the abfurd decrees of the Aflembly; which having 
declared all men equal, and made it criminal to punifli 
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difobedient foldiers in that fummary way, without French 
which no armed force can be commanded, had com- ^cvo|utlon » 
pletely diforganifed the army, and fubftituted for mar- 
tial law patriotic exhortations, legiflative decrees, and 
the novel jurifdi&ion of municipalities. The toldiers 
knew their own ftrength, of which indeed they were 
continually informed by the friends of the revolution ; 
and while they fhook oft the authority of their military 
commanders, they laughed at the impotent decrees of 
the Aflembly. At Nancy they had imprifoned two 
general officers, and committed other outrages of the 
moft ferious nature. It was the duty of the Marquis 
de Bouille, as governor of the province, to reduce the 
infurgents by force, if force ftiould be found neceflary ; 
but he had accomplifhed his objedt without fhedding 
blood, and was congratulating the two liberated ge- 
nerals, and fome of the principal inhabitants, upon fo 
happy a termination of the affair, when the populace, 
and many foldiers who had not followed their colours, 
fired upon the troops under his command, and killed 
fifty or fixty men. The troops immediately returned 
the fire ; and a great number of the rebellious mob and 
mutinous garrifon were of courfe put to the fword. 
That fuch able and firm condudt in Bouille excited in- 
dignation among the Jacobins of Paris, is very proba- 
ble ; but even the king himfelf did not exprefs higher 
approbation of it than the National Aflembly, who 
were duly fenfible that it faved themfelves from de- 
ftrudfion, which, had he failed in his enterprife, would 
have been inevitable. Three months afterwards, in- 
deed, when the fabrication of counter-revolutionary 
plots became part of the daily bufinefs of this enlight- 
ened Afiembly, fome'cenfures were thrown by the Ja- 
cobins upon the Marquis’s condudl on this occafion ; 
and thofe cenfures were loudly applauded. ^3 

We have likewife been led, by our fallacious guides,^’ . 
to accufe this gallant officer (n°<;i.) of having laiddi^ud.^ 
open the country to the inroads of foreign armies; and 
we have given an incorredl account of the king’s flight 
from Paris. There is no evidence whatever for the 
truth of the charge againft the Marquis de Bouille, and 
it is directly contrary to his general chara&er. He 
was indeed a royalift, and would doubtlefs have co- 
operated with the Prince of Conde and the other emi- 
grants in reftoring the king to his lawful authority; 
but he was likewife a Frenchman and a patriot in the 
heft fenfe of the word ; and he would have died in de- 
fence of the rights and independence of his country. 
He certainly meant to protedl the king in his journey 
from Paris to Montmedi, where it was to terminate ; 
and he had Rationed troops of dragoons on the road 
for that purpofe ; but the unfortunate Louis had de- 
layed his journey a day longer than was agreed upon ; 
and even when lie fet out, negle&ed to fend couriers 
before him to warn the troops of his approach. He 
thus travelled unprotefted ; and the confequence was 
fuch as we have related. Yet the gallant Bouilie, tho* 
this journey was undertaken contrary to his advice, de- 
clared himfelf the author of it, in that letter in which 
he threatened the Aflembly with vengeance of aU Eu- 

rope 

(k) Thefe were the Marquis de Montcalm-Gozon, Baron Felix de Wimpfen, de Menou, Freteau L. M. de 
Lepeaux, the Abbe Expilly, Camus, Goupil de Prefeln, Gautier de Biauzat, Treilhard, Champeaux-Palafuc9 . 
and Cottin. 
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Trench rope if they fhould dare to touch a hair of the heads of 
Revolution, the royal family. 

In n° 90. we have moft unaccountably faid, that the 
king was permitted to continue hisjourney to St Cloud. 
This is direftly contrary to -truth. The prefident, af- 
ter hearing his complaint againft thofe who had pre- 
vented it, replied indeed in a fpeech, containing fome 
exprefiions of gratitude and affection, mixed with re- 
flexions on the refractory priefts ; but the Afiembly 
determined nothing refpeXing the propriety of the jour- 
ney. I hey did not even fuffer a Angle motion to be 
made on the fubjed ; and threatened with imprifon- 
ment one of the members who propofed to take it into 
con {[deration! i hekingwas thereforeobliged to abandon 
this excurflon, though it was firft undertaken from reli- 
gious motives; and it was then that he ferioufly thought 
of attempting to elude the vigilance of his rebellious 
guards, and of taking up his relidence at Montmedi. 

In nopb. we have publifhed, with doubts indeed of 
its authenticity, what was called the treaty of Pavia 
and the convention at Pilnitz. The terms in which we 
introduced that fcandalous fabrication to the notice of 
our readers, and the principles which we have uniform- 
ly avowed through the whole of this voluminous work, 
furnifh, we hope, fufficient evidence that we could have 
no intention to deceive the public. Truth, however, 
demands of us to acknowledge, in the moft explicit 
terms, that the pretended treaty of Pavia is not only a 
forgery, but a bungling forgery, defeftive in fome of 
the moft ufual diplomatic forms ; and that the confe- 
renees at Pilnitz between the Emperor, the King of 
Pruffia, and the Count d’Artois, related to objeXs very 
different from a partition of the French territories. 

Sc early as the month of May 1791, a plan had been 
digefted by the Emperor, the King of Pruffia, and the 
King of Spain, with the concurrence of Louis XVI. 
for liberating that unfortunate Monarch from the con- 
flnement in which he was kept in his own capital. The 
means to be employed were a coalition among the prin- 
cipal powers on the continent to lead armies in every 
quarter to the borders of France. During the alarm 
which fo menacing an appearance could not but excite 
in that kingdom, a declaration by the houfe of Bour- 
bon, complaining of the cruel and iniquitous treatment 
of its head, was to be circulated through France, and 
to be immediately followed by the manifefto of the 
combined powers. This, it was prefumed, would fur- 
nilh a fufEcient reafon, even to the National Affembly, 
for the king’s going to the frontiers, and placing him- 
felf at the head of the army ; but if it fliould not, pe- 
titions were to be procured from the army and the 
provinces, requefting his prefence, as the only means left 
of preventing a civil as well as foreign war. Had this 
meafure, which was partly fuggefted by Mirabeau and 
partly by Montmorin and Calonne, been fteadily pur- 
fued; there can be little doubt but it would have proved 
completely fuccefsful. It was defeated, however, by 
the king’s ill concerted attempt to efcape to Mont- 
medi, and by a very imprudent and degrading letter 
which he was afterwards perfuaded to fend to every fo- 
reign power. 

At Pilnitz, where the Emperor and the King of 
Pruffia met, on the 25th of Auguft, to fettle between 
themfelves fome interefts too delicate to be adjufted by 
the ufual diplomatic modes, an agreement was entered 
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into by them to fupport the caufe of the French princes, French 
to liberate the king, and to fave, if poffible, the mo-Revo,ution* 
narchy. They delivered, accordingly, to the Count' 'r~U 

d’Artois the followu’ng declaration: 
« Flis Majefty the Emperor, and his Majefty the 

King of 1 inffia, having heard the defires and the re- 
prefentations of Monlieur and his Royal Highnefs the 
Count d‘Artois, declare, conjointly, that they confider 
the fituation in which his Majefty the King of France 
is at prefent placed, as a matter which concerns the in- 
tereft of every fovereign of Europe.—They hope that 
that intereft will not fail to be acknowledged by the 
powers whofe affiftance is required ; and that confe- 
quently they will not refufe to employ, in conjun&ion 
with their Majefties, the moft efficacious means, accord- 
ing to their abilities, to put the King of France in a 
fituation to eftablifh, in perfeX liberty, the foundations 
of a monarchical government, equally agreeable to the 
rights of fovereigns and the welfare of the French : 
then, and in that cafe, their Majefties are determined 
to aX promptly and by mutual confent, with the forces 
neceffary to obtain the end propofed by all of them. In 
the mean time they will give orders for their troops to 
be ready for aXual fervice. 

“ Pilnitz, Augvjl 27. 1791. 
“ Signed by the Emperor and the King of Pruffia.’* 
Such was the agreement entered into at Pilnitz, 

which was fo grofsly mifreprefented by the French Ja- 
cobins, and by their zealous partizans in this country. 
Had not Louis XVI. accepted the conftitution limply 
and unconditionally, the confequence of this convention 
might have been the faving of the French monarchy, 
and the prefervation of peace in Europe ; but that ac- 
ceptance, fo little looked for by the high contraXing 
powers, completely thwarted their meafures for a time; 
and before their armies were put in motion, the mo- 
narchy was overturned, and the monarch a prifoner. 46- 

In our account ol the origin of the war between The French 
Great Britain and France (11° 147, 148.), we have pro-the Wef- 
ved, by evidence which to ourfelves appears irrefiftible, fors in.tJe 

that the French regicides were the aggreffors, and that Britain? 
the Britilh miniftry did all that could be done, confift- 
ently with the independence of their own country, to 
maintain the relations of amity between the two nations. 
That we have interpreted fairly that decree of the Con- 
vention by which this kingdom was forced into the war, 
is rendered incontrovertible by a fubfequent decree on 
the 15th of December, by which their generals were 
ordered to regulate their conduX in the countries which 
theii armies then occupied, or might afterwards occupy. 
In the preamble to this decree, they exprefsly declared, 
that their principles would not permit them to acknowledge 
any of the injlitutions militating againjl the fovereignty %f 
the people; and the various articles exhibit a complete 
fyItem of demolition. They infift on the immediate 

fupprejfion op all exijling authorities, the abolition of rank 
and privilege of every defcription, and the fupprejfion of 
all exijiing impofls. Nay, thefe friends to freedom even 
declare, that they will treat as enemies a whole nation 
(an people entierj which fliall prefume to rejeB liberty 
and equality, or enter into a treaty with a prince or pri- 
vileged cajls! 

It is worthy of remark, that the very day on which 
this decree, containing a fyftematic plan for diforgani- 
zing all lawful governments, paffed the Affembly, the 

provi- 
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French provmonal executive council wrote to their agent, Chau- 

Revolution. ve|fn> jnftru&ing him to difavow all hoftile intentions 
■“■v"""""'on the part of France, and to proclaim her deteftation 

of the idea of a war with England ! Yet the fame pro- 
vifional council, in their comments on the Tith article 
of this decree, thus exprefs themfelves : “ The right of 
natural defence, the duty of fecuring the prefervation 
of our liberty, and the fuccefs of our arms, the univer- 
fal interell of reftoring to Europe a peace, which jhe 
cannot obtain but by the annihilation of the de- 
spots and their fatellites, every thing impofes on us the 
obligation of exerciiing all the rigours of war, and the 

As . „r   n . _ i' i r r i r .1 
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rights of conqutjb, towards a people fo fond of their 
chains, fo obftinately wedded to their degradation, as 
to refufe to be reltored to their Tights, and who are the 
accomplices, not only of their own defpots, but even of 
all the crowned nfnrpers, who divide among themfelves 
the dominion of the earth and its inhabitants ” That 
Britain is one of thofe countries which the Aflenibly 
thought their armies might afterwards occupy, and 
that the great majority of Britons were a people to- 
wards whom their principles obliged them to exercife 
all the rigours of war, and the rights of conqueft., is evi- 
dent from the following extradt of a letter, written on 
the 31ft of December 1792, by Monge, a member of 
the council, and minifter of the marine to the fea-ports. 
“ The King and his parliament mean to make war up- 
on us. Will the ‘Englifh republicans fujfer it ? Already 
thefe free men fhew their difcontent, and the repug- 
nance which they have to bear arms againft their 
brothers the French. Well ! we will fly to their fuc- 
cour. We will make a defcent on the ifland ; we will 
lodge tlvere 50,000 caps of liberty ; we will plant there 
the facred tree ; and we will flreteh out our arms to our 
republican brethren. The tyranny of their govern- 
ment will be deJlroyed.,y 

As thefe two decrees of November and December 
1792 have never been repealed, and as their object is 
fo plainly avowed in the commentaries of the executive 
council, and in this letter of the minifter of marine, 
they would alone fufticicntly authorife us to adopt as 
our own the following reflections of M. Bertrand de 

^ Introduc-Moleville*. With thefe, as they give a concife but 

'unlV!/ Per.{'P'Cuous Vl'ew of the rife and progrefs of that revo- lution, or, to fpeak more corredtly, that feries of revo- 
lutions which has for feven long years opprefled, not 
France alone, but all Europe, we fliall conclude this 
long article. 

“ Popular infurreCtions, and an army (fays this able 

ifeatid thcan<* Ufet¥ wrltcr)> have hitherto been the ufual means, 
rojjrcfs of °r inftruments, of every revolution ; but thofe in- 
icrevolu- furredtions being of the moft ignorant and unthinking 
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on. clafs of the people, were always fomented by a certain 
number of fadtious men, devoted to, and dependent up- 
on, fome ambitious chief, daring, brave, of military ta- 
lents, foie and abfolute conductor of every flop of the 
revolt, and mafter of all the means of the infurrettion. 
In the hands of this chief, the foldiers, or people arm- 
ed, vvere but machines, which he fet in motion or re- 
ftrained according to his pleafure, and of which he al- 
ways made ufe to put an end to revolutionary diforders 
and crimes, as foon as the objeft of the revolution was 

.gained. So Caefar and Cromwell, after they had ufurp- 
ed the fupreme power, loft no time in fecuring‘it to 
themfelves, by placing it on the bafis of a wife and well- 
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regulated government; and they employed, in quelling Frercli 
the troubles that had favoured their ufurpation, thofe ^c'rai“t^,n‘ 
very legions, that fame army, which they had ufed to ' 
excite them. 

“ This was not the cafe in France : there, the revo- 
lution, or rather the firft of thofe it experienced, and 
of which the others were tiie inevitable confequenee, 
was not, whatever be fuppolcd, the refult of a confpi- 
racy, or preconcerted plan, to overturn the throne, or 
to place an ufurper upon it. It was unexpefledly en- 
gendered by a commixture of weaknefs, ignorance, ne- 
gligence. and numberlefs errors in the government. The 
States General, however imprudent their convocation 
may have been, would have produced only ufeful re- 
forms, if they had found the limits of their power mark- 
ed out by a hand fufiiciently firm to have kept them 
within that extent. It was, however, but too evident 
that, even before their opening, they were dreaded, and 
that confequently they might attempt whatever they 
pleafed. From that lime, under the name of Clubs, 
various aflbeiations and factions fpvang up ; fome more 
violent than others, but all tending to^ the fubverfion of 
the exilting governnent, without agreeing upon the 
form of that which was to be fubftituted : and at that 
juncture alfo the proje&s of the faction, whofe views 
were to have the Duke of Orleans appointed lieutenrant- 
general of the kingdom, began to appear. 

“ Ibis fa&ion, or more properly this confpiracy, 
was indeed of the fame nature as thofe that had pro- 
duced all former revolutions, and might have been at- 
tended with the fame confequences, had the Duke of 
Orleans been poffefled of that energy of charaifter, that 
bravery and daring fpirit, requifite in the leader of a 
party. The people had already declared in his favour, 
and he might very eafily have corrupted and brought 
over a great part of the army, had/he been equal to the 
command of it : but, on the very firft occalion of per- 
fonal rifle, he difeovered fuch cowardice and mean- 
nefs, that he defeated his own confpiracy, and convin- 
ced all thofe who had entered into it, that it was im- 
pofiible to continue the revolution, either in his favour 
or in conjunCfion with him. The enthufiafm the peo- 
ple had felt for him ended with the efforts of thofe who 
had excited it. 

“ Mr Necker, whom the multitude had aftbeiated 
with him in their homage, ftill preferved for fome time 
his adorers, and that little cabal which was for ever 
exalting him to the fkies. * But as he was inferior even" 
to the Duke of Orleans in military talents and difpofi-> 
tions, he was as little calculated to he the leader of a" 
revolution, or of a great confpiracy : for which reafon 
his panegyrifls then confined themfelves in their pam- 
phlets and placards, with which the capital Was over 
run, to infinuating that the only means of faving the 
ftate was to declare Mr Necker DiBator ; or at leaft to 
confer upon him, under fome title more confiffent with 
the monarchy, the authority and powers attached to that 
republican office. In faft, if after his difmifiion, in tV 
month of July 1789, he had dared to make this a con- 
dition of his return to the miniftry, it is more than pro- 
bable that the king would have been under the neceffi- 
ty of agreeing to it, and perhaps of re-eftablifhing in 
his perfon the office of mayor of the palace. At that 
moment he might have demanded any thing: eight 
days later, he might have been refufed every "thing 1 
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French and very foon after, he was reduced to fneak out of the 
Revolution.oj-Jt-r to efcape the effetts of the general 

" contempt and cenfure which he had brought upon him- 
felf. 

“ General La Fayette, who then commanded the Pa- 
rifian National Guard, gathered the wrecks of all this 
popularity, and might have turned them to the greateft 
advantage, if he had pofiefled ‘ that refolute charatf el- 
and heroic judgment’ of which Cardinal de Retz ipeaks, 
and ‘ which ferves to diitinguiih what is truly honour- 
able and ufeful from what is only extraordinary, and 
what is extraordinary from what is impolfible.’ With 
the genius, talents, and ambition of Cromwell, he might 
have gone as great a length ; with a lefs criminal ambi- 
tion, he might at lead have made himielf mailer of the 
revolution, and have direfled it at his pleafure : in a 
word, he might have fecured the triumph of whatever 
party he fliould have declared himfelf the leader. But 
as unfit for fupporting the character of Monk as that of 
Cromwell, he loon betrayed the fecret of his incapacity 
to all the world, and was diflinguilned in the crowd of 
conftitutionai ringleaders only by his three coloui ed 
plume, his epaulets, white horfe, and famous faying— 
* Infurreftion is the moll facred of duties when oppref- 
iion is at its height.’ _ 

“ The revolution, at the period when the fatlion 
that had begun it for the Duke of Orleans became fen- 
fible that he was too much a coward to be the leader 
of it, and when La Fayette difeovered his inability to 
condutt it, was too far advanced to recede or to Hop ; 
and itf continued its progrels, but in aline that no other 
revolution had taken, viz. without a military chief, 
without the intervention of the army, and to gain tri- 
timphs, not for any ambitious confpirator, but for poli- 
tical and moral innovations of the mod dangerous na- 
ture ; the moll fuited to miflead the multitude, incapa- 
ble of comprehending them, and to let tooic ail the 
paRions. The more violent combined to deltroy every 
thing; and their fatal coalition gave birth to Jacobimfm, 
that terrible monlter till then unknown, and till now 
rot fufficiently unmalked. This monlter took upon 
itfelf alone to carry on the revolution ; it direifted, it 
executed, all the operations of it, all the explofions, all 
the outrages : it every where appointed the mod atiive 
leaders, and, as indruments, employed the profligates of 
every country. Its power far lurpafled that whicri has 
been attributed to the inquifition, and other deiy tri- 
bunals, by thofe who have Jpoken of them with the 
greated exaggeration. Its centre was at Palis; and 
its rays, formed by particular clubs in every town, in 
every little borough, overfpread the whole furface of 
the kingdom. The condant correfpondence kept up 
between thofe clubs and that of the capital ; or, to ule 
their own exprelhon, des Societes populatres ajfi'iees avec 
ia Soclemere—1- between the affiliated popular Socie- 
ties and the parent Society,’ was as fecret and as Iptedy 
as that of free-mafons. In a word, the Jacobin clubs 
had prevailed in cauting themfelves to be looked up to 
as the real national reprefentation. Under that pie- 
tence they cenfured all the authorities in the rimd im- 
perious manner ; and whenever their denunciations, pe- 
tit! >ns, or addredes, failed to produce an immediate ef- 
fect, they gained thei: point by having recourfe to ir- 
furretlion, aflaffination, and Are. While Jacpbinifm, 
thus fubjeiled all France to its controul, au immenfe 

number of emdiaries propagated its do£lrines among French 
foreign nations, and prepared new conqueds for it. Revolution; 

“ The National Afiembly, the capital, indeed we 
may fay all France, was divided into three very didindt 
parties. The mod confulerable in number, but unhap- 
pily the weaked through a deficiency of plan and refo- 
lution, was the party purely Royal : it was adverfe to 
every kind of Revolution, and was folely defirous of 
fome improvements, with the reform of abufes and pe- 
cuniary privileges :—the mod able, and mod intriguing, 
was the Conllitutional party, or that which was defi- 
rous of giving France a new monarchical conditution, 
but modified after the manner of the Englifh, or even 
the American, by a houfe of reprefentatives. The 
third party was the mod dangerous of all, by its daring 
fpirit, by its power, and by the number of profelytes 
it daily acquired in all quarters of the kingdom : it 
comprifed the Democrats of every defeription, from the 
Jacobin clubs, calling tbemfelves Friends of the Conjli- 
tution, to the anarchs and robbers. 

“ The Democratic party, which at fird w?as only 
auxiliary to theConditutional one, in the end annihilated 
it, and became itfelf fubdivided into feveral other par- 
ties, whofe fatal druggies produced the fubfequent re- 
volutions, and may dill produce many more. But in 
principle, the Conditutionalids and the Democrats 
formed two dillindl, though confederate, faftions; both 
were defirous of a revolution, and.employed ail the 
ufual means of accomplidiing it, except troops, which 
could be of no ufe to them, for neither of them had a 
leader to put at the head of the army. But as it was 
equally of importance to both that the king fhould be 
deprived of the power of making ufe of it againd them, 
they laboured in concert to diforganife it ; and the com- 
plete fuccefs of that manoeuvre was but too fully pro- 
ved by the fatal idue of the departure of the royal fa- ^ 
mily for Montmedi. The revolution then took a more c irqtitu_ 
daring and rapid dride, which was concluded by thetionof 
pretended conditution aft of 1791. The incoherence 179^c^" 
of its principles, and the defe&s of its inditutions, Pre'^Vrcvolu. 
fent a faithful pi&ure of the difunion of its authors, tion. 
and of the oppofite intereds by which they were fway- 
ed. It was, properly fpeaking, a compadl between the 
fadfion of the Conditutionalids and that of the Demo- 
crats, in which they mutually made conceffions and fa- 
crifices. 

Be that as it may, this abfurd conditution, the 
eve [lading fource of remorfe or forrow to all who bore 
part in it, might have been got over without a Ihock, 
and led back to the old principles of monarchical go- 
vernment, if the Affembly who framed it had not fe- 
parated before they witneffed the execution of it ; if, 
in impofing on the king the obligation to maintain it, 
they had not deprived him of the power and the means; 
and above all, if the certain confequence of the new 
mode of proceeding at the eledlions had not been to 
fecure, in the fecond Adembly, a confiderable majority 
oDthe Democratic againd the Conditutional party. 

“ The fecond Adembly was alfo divided by three 
factions, the weaked of which was the one that wilhed 
to maintain the conditution. The other two were for 
a new revolution and a republic ; but they differed in 
this, that the former, compofed of the Briffotins and 
Girondids, was for effe&ing it gradually, by beginning 
with diveding the king of popularity, and allowing the 
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French public mind time to wean itfelf from its natural attach- 
Revolution. ment to monarchy ; and the latter, which was the leall 

^  numerous, was eager to have the republic eftablifhed as 
foon as pofiible. Thefe two fadb'ons, having the fame 
objedt in view, though taking different roads, were ne- 
ceffarily auxiliaries to each other ; and the pamphlets, 
excitations to commotion, and revolutionary meafures 
of both, equally tended to overthrow the conflitution of 
I791, 

“ Thofe different fadlions, altnofl entirely compofed 
of advocates, folicitors, apoflate priefls, dodlors, and a 
few literary men, having no military chief capable of 
taking the command of the army, dreaded the troops, 
who had fworn allegiance to the conflitution, and^ obe- 
dience to the king, and who moreover might be influ- 
enced by their officers, among whom there ftdl remain- 
ed fame royalifls. The furefl way to get rid of all un- 
eafmefs on this fubiedt, was to employ the army in de- 
fending the frontiers. For this purpofe a foreign war 
was neceffary, to which it was known that the king and 
his council were equally averfe. No more was want- 
ing to determine the attack which was diredled, almoit 
at the fame time, againft all the minifters, in order to 
compel them to retire, and to put the king under the 
neceflity of appointing others more difpofed to fecond 
the views of the parties. Unhappily this attempt was 
attended with all the fuccefs they had promifed them- 
felves ; and one of the firfl adfs of the new miniftry was 
to declare war againft the Emperor. At the fame time, 
the emigration that had been provoked, and which was 
almoft everywhere applauded, even by the lowed: clafs of 
people, robbed France of the flower of the royal party, 
and left the king, deprived of his belt defenders, expo- 
fed to the fufpicions and infults that fprang from innu- 
merable calumnies, for which the diiafters at the be- 
ginning of the war furnifhed but too many opportu- 
nities. 

The Second “ rnanner was Prepare(l and accelerated the 
revolution, new revolution, which was accomplifhed on the 10th of 

Auguft. 1792, by the depofition and imprifonment of 
the king, and by the moft flagrant violation of the con- 
ftitution of 1791. The latter, however, was not entire- 
ly abandoned on that day ; for the project of the Gi- 
rondifls, who had laid the plot of that horrible confpi- 
racy, was then only to declare the king’s depofition, in 
order to place the prince royal upon the throne, under 
the guidance of a regency compofed of their own crea- 
tures; but they were hurried away much farther than 
they meant to go, by the violence with which the moft 
furious of the Jacobins, who took the lead in the infur- 
redlion, conducted all their enterprites. T. he prince 
royal, inftead of being crowned, was (but up in the 
Temple ; and if France at that moment was not decla- 
red a republic, it was lefs owing to any remaining re- 
fpedf for the conftitution, than to the fear the legiflative 
body was in of raifing the army againft it, and alfo the 
majority of the nation, who would naturally be angry 
to fee a conftitution which feemed to be rendered fe- 
cure and liable by fo many oaths, thus precipitately 
overthrown, without their having been confrdted. 

(( It was on thefe confiderations that the opinion 
was adopted, that a National Convention (hould be 
convoked, to determine the fate of royalty. Prompt 
in feizing all the means that might enfure the fuccefs 
■of this fecond revolution, the Affembly, under pretence 

of giving every pofiible latitude to the freedom of elec- Fr^ch 
tions, decreed, that all its members fhould be eligible RevoJ-;itnT; 
for the National Convention. 

“ From that moment the Girondifts daily loft ground, 
and the moft flaming members of the Democratic party', 
fupported by the club of Jacobins, by the new Com- 
mune of Paris, and by the Tribunes, made themfelves 
mailers of every debate. It was of the utmoft import- 
ance to them to rule the enfuing eleclions ; and this ^ 
was fecured to them by the horrible confternation which 
the maflacres of the 2d of September ftruck through- 
out the kingdom. The terror of being afiaflinated, or 
at leaft cruelly treated, drove from all the Primary Af- 
femblies, not only the royalifts and conftitutionalills, 
but moderate men of all parties. Of courfe, thofe al- 
femblies became entirely compofed of the weakeft men 
and the greateft villains exilting in France ; and from 
among the moft frantic of them were chofen thofe mem- 
bers of the Convention who were not taken from the 
legillative body. Accordingly, this third Alfembly, 
in the firft quarter of an hour ot their firft fitting, were 
heard Ihouting their votes for the abolition of royalty', 
and proclaiming the republic, upon the motion of a 
member who had formerly been a player. ^ 

“ Such an opening but too plainly (hewed what was 
to be expedled from that horde of plunderers which 
compofed the majority of the National Convention, and 
of whom Robefpierre, Danton, Marat, and the other 
ringleaders, formed their party. That of the Briflb- 
tins and Giroodifts Hill exilled, and was the only one- 
really republican. Thefe femi-wvetches, glutted with 
the horrors already committed, feemed ddirous of ar- 
refting the torrent of them, and laboured to introduce 
into the Affembly the calm and moderation that were 
neceffary to give the new republic a wile and folid or- 
ganization. But the fuperiority of their knowledge, 
talents, and eloquence, which their opponents could not 
difpute, had no power over tigers thirfting for blood, 
who neither attended to nor fullered motions but of the 47I 
blackell tendency. No doubt they had occafion for The third 
atrocities upon atrocities to prepare the terror-ftruck revolution, 
nation to allow them to commit, in its name, the moft 
execrable of all, the murder of the unfortunate Louis 
XVI.: and that martyrdom was neceffary to bring about 
a third revolution, already brewing in the brain ot 
Robefpierre. Fear had greatly contributed to the two 
former : but this waS efft£led by terror alone, without 
popular tumults, or the intervention of the armies ; 
which, now drawn by their conquells beyond the fron- 
tiers, never heard any tiling of the revolutions at home, 
till they were accomplilhed, and always obeyed tfie pre- 
vailing fadlion, by whom they were paid. 

“ By the decree of ferocity difeovered by the mem- 
bers of the Convention in palling fentence upon the 
king, and in the debates relative to thq conllitution of 
1793, Robefpierre was enabled to mark which of the 
deputies were likely to fecond his views, and which of 
them it was his part to facrifice. 

“ The people could not but with tranfport receive a 
conftitution which feemed to realife the chimera of its 
fovereignty, but which would only have given a kind 
of conllruifrion to anarchy, if the execution of thig new 
code had not been fufpended under the pretext, belongs 
ing in common to all adts c>£ detpotifm and tyranpy, of 
the fuprem law of the Jafety of the Jlate. This fufpen- 
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R ^0!° ^ ^°n was e^"e<^e<^> by eftablifhjng the Provifionary Go- ^.eyo u ion, vernmgnt, which, under the title of Revolutionary Go- 

vernment, concentrated all the powers in the National 
Convention until there fliould be an end to the war and 
all intelline troubles. 

“ Although the faction, at the head of which Robe- 
fpierre was, had a decided majority in the aflembly, 
and might confequently have confidered themfelves as 
really and exclufively exerciling the fovereign power, he 
was a demagogue of too Jefpotic a nature to ftomach 
even the appearance of Iharing the empire with fo ma- 
ny co-fovereigns. He greatly reduced their number, 
by eauiing all the powers invefted in the National Af- 
fembly by the decrees that had eflablilhed the revolu- 
tionary government, to be transferred to a committee, 
to which he got himfelf appointed, and where he was 
fure of the foie rule, by obtaining for colleagues men 
lefs daring than himfelf, though equally wicked ; fuch 
as Couthon, St Juft, Barrere, and others like them. 
This committee, who had the aflurance to ftyle them- 
felves the Committee of Public Safety, very foon feized 
upon both the legiflative and executive powers, and ex- 
ereifed them with the moft fauguinary tyranny ever 
yet heard of. The minifters were merely their clerks ; 
and the fubjugated AfTembly, without murmur or objec- 
tion, palled all the revolutionary laws which were pro- 
pofed, or rather dictated, by them. One of their moft 
horrible and decifive conceptions was that of thofe Re- 
volutionary tribunals which covered France with fcaf- 
folds, where thoufands of vidfims of every rank, nge, 
and fcx, were daily facrificed ; fo that no clafs of men 
could be free from that ftupifying and general terror 
which Robefpierre found it neceifary to fpread, in order 
to cftabhfh and make his power known. He foon him- 
felf dragged fome members of his own party, fuch as 
IDanton, Camille des Moulins, and others, whofe energy 
and popularity had offended him, before one of thofe 
tribunals, where he had them condemned to death. By 
the fame means he got rid of the chief leaders among 
the Briffotines and Girondifts; while he caufed all the 
moderate republican party, who were ftill members of 
the Alfembly, except thofe who had time and addrefs 
to efcape, to be fent to prifon, in order to be fentenced 

474 and executed on the firft occafion. 
The fourth “ In this manner ended the third revolution, in which 
revolution the people, frozen with terror, did not dare to take a 
^ s part. In Head of an army of foldiers, Robefpierre em- 

ployed an army of executioners and affaflins, fet up as 
revolutionary judges ; and the guillotine, ftriking or 
menacing all heads indifcriminately, made France, from 
one end to the other, fubmit to him, by the means of 
terror or of death. Thus was this nation, formerly f0 
proud, even to idolatry, of its kings, feen to expiate, 
by rivers of blood, the crime of having fuffered his to 
be fpilt who was the moft virtuous of all their mo- 
narchs. 

“ In the room of that famous Baftile, whofe cele- 
brated capture and. demolition had fet only feven prf- 
fonera at liberty, two of whom had been long in a ftate 
of lunacy, the colleges, the feminaries, and all the reli- 
gious houfes of the kingdom, were converted into fo 
many ftate prifons, into which were inceffantly crowd- 
ed, from time to time, the vifh’ms devoted to feed the 
ever-woi king guillotines, which were never fuffered to 
irand ftijl for a day, becaufethey were at once the chief 
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refource of fupplies for the government, and the inftru- French 
ment of its ferocity. ‘ The guillotine coins money for ^evoh|t’on. 
the republic,’ was faid in the tribune by one of Robe- v_ ^ 
fpierre’s vileft agents*. In fa<5t, according to the ju-* ^arrere, 
rifprudence of the Revolutionary Tribunals, the rich of 
every clafs, being declared fufpe&ed perfons, received 
fentence of death, for no other reafon than that of gi- 
ving the confifcation of their property a fhow of judi- 
cial form. 

“ Still blood flowed too flowly to fatisfy Robefpierre; 
his aim was but partly attained by the profcription of 
the nobles, the priefts, and the wealthy. He fancied, 
not only an ariftocracy of talents and knowledge, but 
of the virtues, none of which would his trufty orators 
and journahfts admit, fave that horrid patriotifm which 
was eftimated according to the enormity of the crimes 
committed in favour of the revolution. His plan was 
to reduce the French people to a mere plantation of 
flaves, too ignorant, too ftupid, or too pufillanimous, 
to conceive the idea of breaking the chains with which 
he would have loaded them in the name of liberty; and 
he might have fucceeded in it, had not his ambition, as 
impatient as it was jealous, too foon unveiled the inten- 
tion of reforting to the guillotine to ftrike off the 
fhackles with which an affembly of reprefentatives of 
the nation fettered, or might fetter, his power. He 
was about to give this deciiive blow, which he had con- 
certed with the Commune of Paris, the Revolutionary 
1 ribunal, the Club of Jacobins, and the principal offi- 
cers of the National Guard, when the members of the 
Convention, who were marked out to be the firft facri- 
ficed, anticipated him at a moment when he leaft ex- 
pected it, by attacking himfelf in the Affembly, with 
energy fufficient to roufe all the fe&ions of the capital 
againft him and againft the Jacobins. The parties came 
to blows, and victory remained uncertain for feveral 
hours ; but at length declared againft Robefpierre. In 
the fpace of a day, that execrable monfter was dragged 
from the higheft pitch of power ever attained by any 
tyrant, to the very fcaffold that was ftill reeking with 
the blood of his laft victims. His principal accomplices 
in the Committee of Public Safety, in the Commune, 
in the National Guard, in the Revolutionary Tribunal, 
and many of his agents in the provinces, met the fame 
fate. The Revolutionary Tribunals were fupprefl'ed, 
and the prifons thrown open to all whom they had call 
into them. 

“ This fourth revolution, in which the faction then xhe7
Conft^, 

efteemed the moderate party overthrew the terrorifts, tution of 
and feized the fupreme power, was no lefs complete *795- 
than thofe which had preceded it, and produced the 
conftitution of 1795. All France received as a great 
bleffing a conftitution that delivered them from the re- 
volutionary government and its infernal policy. Befides, 
it had, in fpite of great defects, the merit of coining 
nearer than the two preceding ones, to the principles of 
order, of iuftice, and real liberty; the violation of which 
had, for five years before, been the fource of fo many dif- 
afters and fo many crimes. The royalifts, confidering 
it as a ftep towards monarchy, were unfortunately fo 
imprudent as to triumph in it ; and their joy, as pre- 
mature as indifcreet, alarmed the Affembly to fuch a 
degree, that they paffed the famous law, ordaining the 
Primary Affemblies to return two-thirds of the mem=t 
bers of the Convention to the legifiative body, which 
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French was to fucceed that aflembly. It was thu 

Revolution.0f the Convention continued, for the firft year, to 

473 
The hfth 
revoluuon. 

be difplayed in the two councils. 
“ In the year following, the bias of the public mind, 

perhaps too haftily turned towards royalty, (hewed it- 
ftlf in the elections of the members for the new third, 
fo clearly as to alarm the regicides who compofed the 
Directory, and the Conventionalifts, who dill made a 
third of the legiflative body ; nor did they lofe a mo- 
ment in deviling means for their defence. That which 
appeared the fureft to them was, to publifh notices of 
plots among the royalifts, and annex one or more de- 
nunciations, in terms fo vague as to leave room for im- 
plicating, when ncceflary, all their adverfaries ; while 
by the help of this impofture they procured fome fecret 
information, artfully fabricated, and ever ealily obtain- 
ed through threats or rewards by thofe who have at 
command the guillotine and the public treafure. 

“ This maficed battery was ready to be opened be- 
fore the members of the newr third took their feats. 
Thefe at firlt confined themfelves to the fecuring of a 
conftant majority in the two councils in favour of the 
moderate opinions ; but in a little time every fitting was 
marked by the repeal of fome revolutionary law, or by 
fome decree tending to reftrain the executive authority 
within the limits fixed by the conftitution. 

“ The Diredtory, alarmed at the abridgment of their 
power, and dreading Hill more ferious attacks upon it, 
came to a refolutiou of no longer poftponing the blow 
they had been meditating againft the legillative affem- 
bly: and they accornplifhed, in the manner related in n° 
3.09. a fifth revolution, as complete as any of thofe 
by which it was preceded. It differed indeed from 
them effentially in the facility and promptnefs w'ith 
which it was exfedted, although the party which pre- 
vailed, that is to fay, the majority of the Directory, and 
the minority of the Legiflative Body, had to combat 
not only againfl the conftkution, but againfl the opi- 
nion, and even againll the indignation, of the public. 
That moral force, on which the majority of the two 
councils had unluckily placed all their reliance, vanifh- 
ed in an inftant before the phyfical force of a detach- 
ment of troops confifting of fix or feven hundred men ; 
fo true is it that the power of the public opinion, ri- 
diculoufiy exaggerated in thefe days, is and can be no 
more, under a firm and well ordered government, than 
a mere fancy. Men accuitom themfelves too eafily to 
take for public opinion the private opinions made public 
by certain writers, whofe caution or audacioufnefs de- 
pends always upon the energy or feeblenefs of the fu- 
preme authority. It is the fame thing with popular 
commotions: they are eafily excited under a weak go- 
vernment, which does not poffefs the wifdom to prevent 
or the fpirit to fupprefs them ; but a vigorous, jufi, and 
itrift government has nothing to fear from them- The. 
Directory, compelled to withdraw the larger body of 
troops, which they had thought neceffary to enfure the 
revolution they were meditating, difcovered, no doubt, 
great ability in fecuring the two councils, by appearing 
to dread them : but it was chiefly to the energy of 
their meafures, and to the concentration and prompt- 
nefs with which they were executed, that they owed 
their fuccefs. Two days before, .the legiflative body 
might, without obftrudtion, have impeached, arrefted, 
and even outlawed, the majority of the Directory, who 
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that the were execrated by the public under the title of Trium- French 

virate ; and, if requifite, they would have been fupport-^evo*ur*on* 
ed by more than 30,000 armed citizens, wdio, with 
Pichegru and Villot at their head, would foon have 
difperfed, and perhaps brought over, the feeble detach- 
ments of troops of the line which tht Dire&ory had at 
their command. The legiflative body, relying too much 
upon its popularity, did hot fufficiently confider, that 
the people, whofe impetuofity is commonly decilive 
when allowed to take advantage in attack, are always 
feeble on the defenfive, and totally unable to wuthftand 
every affault made previous to an infurreftion, for it is 
always eafy to prevent their afTemblimg. It was on 
this principle that the Diredlory founded their opera- 
tions, and the 5th of September too well proves how 
juftly. That day reduced the legiflative body, by the 
moll degrading fubjugation, to a mere difguiling cari- 
cature of national i eprefentation ; it invcfted the Direc- 
tory with the mofl arbitrary and tyrannic power, and 
reltored the fyftem of Robefpierre, under a form lefs 
bloody, but not lefs pernicious; for the Revolutionary 
Tribunals which that monfttt had eflablifhed, were 
fcarcely more expeditious than the military ones ot the 
Directory. 'I he power of arbitrary and unlimited 
tranfportation is, in time, as deftrudtive as the guillo- 
tine, without pofleffing, like that, the advantage of ex- 
citing a falutary horror, which, by recovering the peo- 
ple from the date of ftupor and apa-hy, the conftant 
effects of terror, gives them both recollection and force 
to break their chains. Though, in violating the mod 
eflential regulations of the conditution, the Directory 
obtained a temporary confirmation of their power, their 
example pointed out to Bonaparte and Sieves the pathxhc flxth 
which they purfued with infinite addrtfs, and in which revolution, 
they accomplifhed a fixth revolution.” a;i<l confu- 

How long the confular government will continue, ir.ent°VCrQ* 
is impoffible to conjecture ; but Bonaparte has labour- 
ed fuccefsfully to reconcile to it a great part of the na- 
tion. Soon after his fucceffion, he relaxed the feverity 
of the exifling laws againd the emigrants ; and he has, 
from time to time, druck off fuch numbers from the 
black roll of Robefpierre and the Directory, that many 
perfons, known to be royalids, as well as members of 
the condituent adembly, have returned to France, and 
enjoyed offices ot trud under Ins government. To 
fome he has even redored fuch parts of their eitates as 
were not, by a deed of the nation, in the podeffion of 
other individuals; and be gives no countenance at his 
court to the Jacobinical appellation of CUizent or the 
red of the dang of liberty and equality. 

The Cardinals had, at Venice, proceeded to the elec-The reflo- 
tion of a Pope, while Rome was in the pofieffion of theratiou of 
troops of the Directory ; but the Emperor, having re. ^hriftia- 
dored that city, together with the wreck of the eccle- France, 
fiadical date, to the new Pontiff, the Chief Conful, af- 
ter the battle of Marengo, not only acquiefced in the 
meafure, but, as foon as he was firmly feated on his 
throne, made overtures to his Holinefs for the read- 
miffion of France into the bofom of the church. This 
was the mod judicious dep that he could have taken, 
and the bed calculated to fupport his authority. Ha- 
ving no religion himfelf, he was induced to edablifh the 
Catholic in preference to the Reformed, only becaufe 
he found it mod agreeable to the majority of the French 
people j but he granted to the Proteftants the mod li- 
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beral toleration, and feems, by his concordate with the 
Pope, to have retained to himfelf an authority over the 
church little fhort of that which was aflumed by Henry 
VIII. of England, when he broke off all correfpon- 
dence with the court of Rome. 

Thefe meafures were fo popular, that when he refto- 
red peace to the republic, lie was fuddenly chofen Con- 
ful for life ; and it was even propofed by fome of his 
creatures to convert the republic into an empire, and 
create hun the Jir/i Emperor of the Gauls. This propo- 
fal, however, was fuppprted by no party. The royalifts 
could not give their vote for elevating a foreigner to a 
higher rank than was ever held by that auguit family, 
for the fupport of which they had hazarded their lives 
and fortunes. The genuine democrat fubmitted with 
reluctance to the power of a Conful, and abhorred the 
very found of the words Emperor and empire. Even 
the moderate conftitutionalift, who thinks it his duty 
to fupport every government which happens to be efta- 
blifhed, was afhamed to relinquifli fo openly the prin- 
ciples which had induced him to rebel againll Louis 
XVI. Bonaparte was therefore not made an Emperor, 
but a Conful for life, with more than Imperial power ; 
and was authorifed to nominate his fuccefibr, in the 
event of his dying without male iffue. 

If this laft revolution operate not as a warning to all 
the nations of Europe, {hewing them the extreme dan- 
ger of fudden and violent innovations in the govern- 
ment of a great Hate ; if it convince them not that the 
fovereignty of the people is, in fuch a ftate, the parent 
of individual defpotifm ; and that the principles of de- 
mocracy, however plaufible they may appear in a po- 
litical effay, cannot be carried into praftice—we muft 
conclude that thefe nations are incapable of learning 
wifdom from experience. In the 17th century the con- 
flitution of Great Britain was overturned, and a virtu- 
ous monarch murdered, to make way for a republic, 
which foon gave place to the military defpotifm of a 
private Englifh gentleman. In the fucceeding century 
a crew of lawyers and philofophifts, who, under the de- 
nomination of the Hates general, had been called toge- 
ther to devife fome remedy for the diforder into which 
the finances of France had fallen, fnatched the feeptre 
from the hands of their mild fovereign, who was foon 
afterwards brought to the block. In France, as in 
England, the monarchy was fucceeded by a democrat! 
cal government, exceeding in tyranny and cruelty all 
the defpotifms of fingle men, whether called Kings or 

-Emperors, that the world has yet feen. There, too, 
the democracy gave place to the military defpotifm of 
a private gentleman ; but that gentleman is not a na- 
tive, but a foreign adventurer, of a family never heard 
of beyond the limits of the little ifle of Corfica till after 
the commencement of the revolution, which involved all 
Europe in its vortex. If the confular government con- 
tinue, the reign of equality is indeed at an end ; but 
the furrounding nations have more to dread from con- 
fular ambition, than they had to dread from the ambi- 
tion of Louis XIV. when he was at the fummit of his 
glory and his arrogance. Many circumftances confpi 
red to reftrain his Majelly’s ambition within certain li- 
mits ; but the ambition of him who has no fon to fuc- 
ceed him, and who is placed in fuch a fituation, that 
events may fall out which will prefent to him no per- 
fonal fafety but in foreign war, is obvioufly under no 
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reftraint.’ All this might have been prevented had the Rhabdoh. 
coalefced powers, at the beginning of the conteft, aft- 
ed confcientioufly on the principles fo ably enforced by 
that illuHrious flatefman Mr Burke ; but the King of 1 
Pruflia’s jealoufy of the Houfe of Auftria made him 
abandon the caufe, and, for the fake of humbling his 
rival, facrifice Europe to the ambition of France. 

RHABDOLOGY, or Rabdology, in arithmetic, 
a name given by Napier to a method of performing 
fome of the more difficult operations of numbers by 
means of certain fquare little rods. Upon thefe are in- 
feribed the fimple numbers ; then by {{lifting them ac- 
cording to certain rules, thofe operations are performed 
by limply adding or fubtra&ing the numbers as they 
Hand upon the rods. See Napier’s Rabdoiogia, printed 

1617. See alfo the article Napier's Bones. in 
RHOMB Solid, confdls of two equal and right 

cones joined together at their bafes. 
RICE (fee that article, and Oryza, Encycl.) is 

ftrongly recommended, in a late publication, as the belt 
corrective offprit flour, of which there is a great quan- 
tity in Scotland every year, and of courfe a great deal 
of unpleafant and unwholefome bread. The gentle- 
man, who writes the Ihort paper alluded to, direCts ten 
pounds of flour and one pound of ground rice, with the 
ufual quantity of yeft, to be placed, for about two 
hours, before a fire, and then formed into bread in the 
common way. This addition of rice, befides correct- 
ing the bad qualities of the damaged flour, adds, he 
fays, much to its nutriment : and he is undoubtedly 
right ; for the flour of rice, though very nutritious, is 
fo dry,' that it is difficult to make bread of it by itfelf. 
See Bread of Rice in this Suppl. 

As rice is a favourite fubftitute for bread in years of 
fcarcity, it may not be difagreeable to our readers to 
know the method of cultivating the plant in thofe coun- 
tries where it is the principal food of the inhabitants. 
We have the following full and perfpicuous account of 
the Chinefe practice by Sir George Staunton.' 

“ Much of the low grounds in the middle and fouth- 
ern provinces of the empire are appropriated to the 
culture of that grain. It conftitutes, in fad, the prin- 
cipal part of the food of all thofe inhabitants, who are 
not fo indigent as to be forced to fuhfift on other and 
cheaper kinds of grain. A great proportion of the fur- 
face of the country is well adapted for the production 
of rice, which, from the time the feed is committed to 
the foil till the plant approaches to maturity, requires 
to be immerfed in a ffieet of water. Many and great 
rivers run through the feveral provinces of China, the 
low grounds bordering on thofe rivers are annually in- 
undated, by which means is brought upon their furface 
a rich mud or mucilage that fertilizes the foil, in the 
fame manner as Egypt receives its fecundative quality 
from the overflowing of the Nile. The periodical rains 
which fall near the fources of the Yellow and the Kiang 
rivers, not very far diftant from thofe of the Ganges 
and the Burampooter, among the mountains bounding 
India to the north, and China to the weft, often fweil 
thofe rivers to a prodigious height, though not a drop 
of rain {hould have fallen on the plains through which 
they afterwards flow. 

“ After the mud has lain fome days upon the plains 
in China, preparations are made for planting them with 
rice. For this purpofe, a fmall fpot of ground is in-. 
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^ke. clofed by a bank of clay ; the earth is ploughed up ; 
—v 'and an upright harrow, with a row of wooden pins in 

the lower end, is drawn lightly over it by a buffalo. 
The grain, which had previoufly been deeped in dung 
diluted with animal water, is then fown very thickly 
on it. A thin fheet of water is immediately brought 
over it, either by channels leading to the fpot from a 
iburce above it, or when below it by means of a chain 

~ pump, of which the ufe is as familiar as that of a hoe 
to every Chinefe hufbandman. In a few days the 
fhoots appear above the water. In that interval, the 
remainder of the ground intended for cultivation, if 
fliff, is ploughed, the lumps broken by hoes, and the 
furface levelled by the harrow. As loon as the flioots 
have attained the height of fix or feven inches, they are 
plucked up by the roots, the tops of the blades cut off, 
and each root is planted feparately, fometimes in fmall 
furrow's turned with the plough, and fometimes in holes 
made in rows by a drilling dick for that purpofe. The 
roots are about half a foot afunder. Water is brought 
over them a fecond time. For the convenience of irri- 
gation, and to regulate its proportion, the rice fields 
are fubdivided by narrow ridges of clay, into fmall in- 
clofures. Through a channel, in each ridge, the water 
is conveyed at will to every fubdivifion of the field. As 
the rice approaches to maturity, the water, by evapo- 
ration and abforption, difappears entirely ; and the 
crop, when ripe, covers dry ground. The fird crop or 
harved, in the fouthern provinces particularly, happens 
towards the end of May or beginning of June. The 
indrument for reaping is a fmall fickle, dentated like a 
faw, and crooked. Neither carts nor cattle are tiled to 
carry the (heaves off from the fpot where they were 
reaped ; but they are placed regularly in frames, two 
of which, fufpended at the extremities of a bamboo 
pole, are carried acrofs the fhoulders of a man, to the 
place intended for difengaging the grain from the dems 
which had fupported it. This operation is performed, 
not only by a flail, as is cudomary in Europe, or by 
cattle treading the corn in the manner of other Orien- 
talids, but fometimes alfo by driking it againil a plank 
fet upon its edge, or beating it againd the fide of a 
large tub fcolloped for that purpofe ; the back and fides 
being much higher than the front, to prevent the grain 
from being diiperfed. After being winnowed, it is 
carried to the granary. 

“ To remove the /kin or hulk of rice, a large drong 
earthen veffel, or hollow done, in form fomewhat like 
that which is ufed elfewhere for filtering water, is fixed 
firmly in the ground ; and the grain, placed in it, is 
ftruck with a conical done fixed to the extremity of a 
lever, and cleared, fometimes indeed imperfectly, from 
the hulk. The done is worked frequently by a peufon 
treading upon the end of the lever. I he fame object 
is attained alfo by paifing the grain between two flat 
ftones of a circular form, the upper of which turns 
round upon the other, but at fuch a didance from.it as 
not to break the intermediate grain. The operation is 
performed on a large fcale in mills turned by water ; 
the axis of the wheel carrying feveral arms, which, by 
ftriking upon the ends of levers, raife them in the fame 
manner as is done by trading on them, bornetimes 
twenty of thefe levers are worked at once. The draw 
from which the grain has been difengaged is cut chiefly 

into chaff, to ferve as provender for the very few cattle 
employed in Chinefe hufhandry. . _ 

“ The labour of the fird crop being finifhed, the 
ground is immediately prepared for the reception of 
frefli feeds. The fird operation undertaken is that of 
pulling up the dubble, colledliiig it into fmall heaps, 
which are burnt, and the afhes fcattered upon the field. 
The former proceffes are afterwards renewed. The 
fecond crop is generally ripe late in 0£lober or early in 
November. The grain is treated as before ; but the 
dubble is no longer burnt. It is turned under with 
the plough, and left to putrefy in the earth, This, 
with the dime brought upon the ground by inundation, 
are the only manures ufually employed in the culture of 
rice.,, 

R1DEAU, in fortification, a fmall elevation of earth, 
extending itfelf lengthwife on a plain ; ferving to cover 
a camp, or give an advantage to a pod. 

Rideau is fometimes alfo ufed for a trench, the 
earth of which is thrown up on its fide, to ferve as a 
parapet for covering the men. 

RIDLEY (Dr Gloder), was of the fame family 
with D. Nicolas Ridley, Bifhop of London, and mar- 
tyr to the Reformation. (See Ridley, Encycl.) He 
was born at fea, in 1702, on board the Glouceder Eail 
Indiaman ; to which circumdance he was indebted for 
his Chridian name. He received his education at Win- 
cheder fchool, and thence was eledLd to a fellowihip at 
New college, Oxford, where he proceeded B. C. L. 
April 29. 1729. In thofe two femiharies he cnltiva- 
ted an early acquaintance with the mufes, and laid the 
foundation, of thofe elegant and folid acquirements for 
which he was afterwards fo eminently didinguiihed as a 
poet, an hidorian, and a divine. During a vacancy in 
1728, he joined with four friends, viz. Mr Thomas 
Fletcher (afterwards Bifhop of Kildare), Mr (after- 
wards Dr) Eyre, Mr Morrifon, and Mr Jennens, in 
writing a tragedy called “ The Fruitlefs Redrefs,” each 
undertaking an a.'d on a plan previoufly conceited. 
When they delivered in their feveral proportions at their 
meeting in the winter, few readers would have known 
that the whole was not the production of a fingle hand. 
This tragedy, which was offered to Mr Wilks, but ne- 
ver added, is dill in MS. with another called “ Jdgur- 
tha.” Dr Ridley in his youth was much addicted to 
theatrical performances. Midhurd, in Suffex, was the 
place where they were exhibited ; and the company of 
gentlemen aCIors to which he belonged confided chiefly 
of his coadjutors in the tragedy already mentioned. He 
is faid to have performed the characters of Marc An- 
tony, Jaffier, Horatio, and Munefes, with diflinguifhed 
applaufe ^ a circumdance that will be readily believed 
by thofe who are no drangers to his judicious and 
graceful manner of fpeaking in the pulpit. 

For great part of his life he had no other preferment 
than the frnall college living of We flow in Norfolk, and 
the donative of Poplar in Middlefex, where he refided. 
To thefe his college added, fome years after, the dona- 
tive of Romford in Effex. “ Between thefe two places- 
the curricle of his life had (as he expreffed it) rolled fur 
fome time aimed perpetually upon podchaife wheels, 
and left him not time for even the proper dudies of 
economy, or the neceffary ones of his profeflion.,> Yet 
in this obfeure fituation he remained in poffefhon of, 
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and content with, domeftic happinefs ; and was honour- 
ed with the intimate friendfbip of fume who were not 
lefs diftfngm’fhed for learning than for worth. 

[ 471 ] R I E 

In 1740 and 1741 he preached “ Eight Sermons at 
Lady Moyer’s Lefture,” which were publilhed in 1742, 
^vo. In 1 756 he declined an offer of going to Ireland 
as firft chaplain to the Duke of Bedford ; in return for 
which he was to hare had the choice of promotion, ei- 
ther at Chrill-church, Canterbury, We ft min Her,, or 
Windfor. His modefty inducing him to leave the 
choice at thcfe to his patron, the confequence was, thit 
he obtained none of them. In 1763, he publiftied the 

Life of Bifhop Ridley,” in 410, by fubfcription, and 
cleared by it as much as brought him Bool, in the pub- 
lic funds. In the latter part of his life he had the 
misfortune to lofe both his fons, each of them a youth 
of abilities. The elder, James, was author of “ The 
Bales of the Genii,” and fome other literary perform- 

ances. T homas, the younger, w'as fent by the Eaft 
India Company as a writer to Madras, where he was 
no footier fettled than he died of the fmall-pox. In 
1765* Dr Rioley publifhed his “ Review of Philips’s 
Life of Cardinal Pole; and in 1768, in reward for his 
labours in this controverfy, and in another which “ The 
Confeflional” produced, he w’as prefented by Archbi- 
Iliop Seeker to a golden prebend in the cathedral church 
of Salilbury (an option), the only reward he received 
from the great during a long, ufeful, and laborious life, 
devoted to the duties of his fun&ion. At length, worn 
out with infirmities, lie departed this life in 1774, lea- 
ving a widow and four daughters. His epitaph, which 
was written by Bifhop Lowtfi with his ufual elegance, 
informs us, that for his merits the univerfity of Oxford 
conferred upon him the degree of D. D. by diploma, 
which is the higheft literary honour which that learned 
body has to beftovv. 

RIENZI (Nicolas Gabrini de), one of the moft ex- 
traordinary men of the 14th century, was born at 
Rome, we know not in what year. His father, Law- 
rence Gabrini, was a mean vintner, or, as others fay, a 
miller, and his mother a laundrefs. Thefe perfons, 
however, found the means of giving their fon a liberal 
education ; and to a good natural underftanding he 
joined an uncommon affiduity, and made great profi- 
ciency in ancient literature. Every thing which he 
read he compared with fimilar pafiages that occurred 
within his own obfervation ; whence he made reflec- 
tions, by which he regulated his condudL To this he 
added a great knowledge in the laws and cuftoms of 
nations. He had a vaft memory : he retained much of 
Cicero, Valerius Maximus, Livy, the two Senecas, and 
Ca?far’s Commentaries efpecially, which he read conti- 
nually, and often quoted by application to the events of 
his own times. Phis fund of learning proved the balls 
and foundation of his rife. The defire he had to di- 
ftinguifii himfelf in the knowledge of monumental hi- 
Ilory, drew him to another fort of fcience, in which few 
men at that time exerted themfelves. He palled whole 
•days among the inferiptions which are to be found at 
Rome, and acquired foon the reputation of a great an- 
tiquary. Having hence formed within himfelf the moft 
exalted notions of the juftice, liberty, and ancient gran- 
deur of the old Romans, words he was perpetually re- 
Pfat,I]S t-° t^ie people, he at length perfuaded not only 
nmudf, but the giddy mob his followers, that he Ihould 

one day become the reftorer of the Roman republic. 
His advantageous ftature, his countenance, and that air 
of importance which he well knew how to affume, 
deeply imprinted all that he laid in the minds of his au- 
dience. 

Nor was it only by the populace that he was ad- 
mned ; he alfo found means to infinuate himfelf into 
the favour of thofe who partook of the adminiftration. 
Kienzi s talents procured him to be nominated one of 
the deputies fent by the Romans to Pope Clement VI. 
who refided at Avignon. The intention of this depu- 
tation was to make his Holinefs fenfible, how prejudi- 
cial his abfence was, as well to himfelf as to the intereft 

ome. At Ins fuft audience, our hero charmed the 
court of Avignon by his eloquence and the fprightli- 
nels of his converfation. Encouraged by i'ucceis, he 
one day took the liberty to tell the Pope, that the 
grandees of Rome were avowed robbeis, public thieves, 
infamous adulterers, and illuftrious profligates ; who 
by their example, authorifed the moft horrid crimes! 
1 o them he attributed the deflation of Rome ; of 
which he drew fo lively a picture, that the Holy Fa- 
ther was moved, and exceedingly inceufed againft the 
Roman nobility. Cardinal Colonna, in other refpeds 
a lover of real merit, could not help confidering thefe 
reproaches as reflecting upon fome of his family ; and 
therefore found means of difgracing Rienzi, fo that he 
fell into extreme mifery, vexation, and ficknefs, which, 
joined with indigence, brought him to an hofpital. Ne- 
verthelefs, the fame hand that threw him down, raifed 
him up again. The cardinal, who was all compafiion, 
caufed him to appear before the Pope, in afl'uiance of 
his being a good man, and a great partizan for juftice 
and equity. The Pope approved of him more than 
ever ; and to give him proofs of his efteem and confi- 
dence, made him apoftolic notary, and fent him back 
loaded with favours. 

Being ret tinned Rome, he began to execute the 
functions of his office; and by affability, candour, aiii- 
duity, and impartiality, in the adminiftration of juftice, 
he arrived at a fuperior degree of popularity ; which 
tie itill improved by continued inve&ives againft the 
vices of the great, whom he took care to render as odi- 
ous as poflible ; till at laft, for fome ill-timed freedoms 
of fpeech, lie was not only fcverely reprimanded, but 
emplaced. From this time it was his conftant endea- 
vour to infpire the people with a fondnefs for their an- 
cient liberties ; to which purpofe he caufed to be hung 
up in the moft public places emblematic pictures, ex- 
p ref live of the former fplendour and prefent decline of 
Rome. To thefe he added frequent harangues and 
predictions upon the fame fubjeCt. In this manner he 
ptoceeded till one party looked on him only as a mad- 
man, while others careffed him as their protestor. At 
length he ventured to open himfelf to fuch as he be- 
lieved mal-contents. At firft he took them feparately ; 
axterwards, when he thought he had firmly attached a 
iufhcient number to his intereft, he affembled them to- 
gether, and reprefented to them the deplorable ftate of 
the city, over run with debaucheries, and the incapaci- 
ties of their governors to correa or amend them. A* 
a neceffary foundation for the enterprife, he gave them 
an infight into the immenfe revenues of the apoftolic 
chamber ; He demonftrated, that the Pope could, only 
at the rate of fourpence, raife a hundred thoufand flo- 
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tins by firing, as much by fait, and as much more by 
■'the cufloms and other duties. As for the reft, faid he, 
I would not have you imagine that it is without the 
Pope’s confent I lay hands on the revenues. Alas ! 
how many others in this city plunder the effe&s of the 
church contrary to his will! 

By this artful lie, he fo animated his auditors, that 
they declared they would make no fcruple ot lecui ing 
thefe treafures for whatever end might be moft conve- 
nient; and that they were devoted to the will of him their 
chief. Having obtained fo much, to fecure his adhe- 
rents from a revolt, he tendered them a paper, fyper- 
fcribed, “ an oath to procure the good eftablilhment 
and made them fubfcribe and fwear to it before he dif- 
mified them. By what means he prevailed on the Pope’s 
vicar to give a tacit fan&ion to his projeft, is not cer- 
tainly known ; that he did procure that fan<£tion, and 
that it was looked on as a mafterpiece of policy, is ge- 
nerally admitted. “ The 20th of May, being Whit- 
funday, he fixed upon to fan&ify in fome fort his en- 
terprife ; and pretended, that all he a£ted was by parti- 
cular infpiration of the Holy Ghoft. About nine, he 
came out of the church bare-headed, accompanied by 
the Pope’s vicar, furrounded by an hundren armed men. 
A. vaft crowd followed him with ftiouts and acclama- 
tions.” The gentlemen confpirators carried three 
ftandards before him, on which were wrought devices, 
infinuating, that his defign was to re-eftabhfh liberty, 
juftice, and peg^e. In this manner he proceeded di- 
reftly to the Capitol, where he mounted the roftrum ; 
and, with more boldnefs and energy than ever, expa- 
tiated on the miferies to which the Romans were redu- 
ced : at the fame time telling them, without hefitation, 
«■ that the happy hour of their deliverence was at length 
come, and that he was to be their deliverer, regardlefs of 
the dangers he was expofed to for the fervice of the Holy 
Father and the people’s fafety.” After which, he or- 
dered the laws of what he called the good eftablilhment 
to be read : “ allured that the Romans would refolve to 
obferve thefe laws, he engaged in a Ihort time to re-efta- 
blilh them in their ancient grandeur.” 

The laws of the good eftablifhment promifed plenty 
and fecurity, which were greatly wanted ; and the hu- 
miliation of the nobility, who were deemed common 
oppreflbrs. Such laws could not fail of being agree- 
able to a people who found in them thefe double ad- 
vantages ; wherefore, “ enraptured with the plealing 
ideas of a liberty to which they were at prefent ftran- 
gers, and the hope of gain, they came molt zealoufly 
into the fanaticifm of Rienzi. They refumed the pre- 
tended authority of the Romans ; they declared him 
fovereign of Rome ; and granted him the power of hie 
and death, of rewards and punifhments, of enacting and 
repealing the laws, of treating with foreign powers ; in 
a word, they gave him the full and fupreme authority 
over all the extenfive territories of the Romans. 

Rienzi, arrived at thefummit of his willies, kept at a 
great diftance his artifice : he pretended to be very un- 
willing to accept of their oilers, but upon two condi- 
tions ; the firlt, that they fliould nominate the Pope’s 
vicar (the Bilhop of Orvieto) his copartner; the Se- 
cond, that the Pope’s confent Ihould be granted him, 
which (he told them) he flattered himfelf he Ihould ob- 
tain. “ On the other hand, he hazarded nothing in 
thus making his court to the Holy Father ; and, on 
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the other, he well knew, that the Bifltop of Orvieto 
would carry a title only, and no authority. T. be people 
granted his requeft, but paid all the honours to him : 
he poffelTed the authority without reftriftion ; the good 
Bilhop appeared a mere fliadow and veil to his enter- 
prifes. Rienzi was feated in his triumphal chariot, like 
an idol, to triumph with the greater fplendour. He 
difmiffed the people replete with joy and hope. He 
feized upon the palace, where he continued after he had 
turned out the fenate ; and, the fame day, he began to 
ditlace his laws in the Capitol.” This ele&ion, though 
not very pleafing to the Pope, was ratified by him ; 
neverthelefs, Rienzi meditated the obtaining of a title, 
exclufive of the papal prerogative. Well verfed in the 
Roman hiftory, he was no ftranger to the extent of the 
tribunitial authority ; and as he owed his elevation to 
the people, he chofe to have the title of then magi- 
ftrate. He alked it, and it was conferred on him and 
his copartner, with the addition of deliverers of their 
country. Our adventurer’s behaviour in his elevation 
was at firft fuch as commanded efieern and refpea, not 
only from the Romans, but from all the neighbouring 
ftates. But it is difficult for a perfon of mean birth, 
elevated at once, by the caprice of fortune, to the moft 
exalted ftation, to move rightly in a fphere wherein he 
muft breathe an air he has been unaccuftomed to. Ri- 
enzi afeended by degrees the fummit of his fortune. 
Riches foftened, power dazzled, the pomp of his caval- 
cades animated, and formed in his mind ideas adequate 
to thofe of princes born to empire. Hence luxury in- 
vaded his table, and tyranny took pofieffion of his heart. 
The Pope conceived his defigns to be contrary to the in* 
terefts of the holy fee ; and the nobles, whofe power it 
had been his conftant endeavours to deprefs, confpired 
again ft him : they fucceeded ; and Rienzi wa? forced to 
quit an authority he had polfeffed little more than fix 
months. It was to a precipitate flight that he was in- 
debted, at this juncture, for his life; and to different 
difguifes for his fubfequent prefervation. 

Having made an ineffectual effort at Rome, and 
“ not knowing where to find a new refource to carry- 
on his defigns he took a moft bold ftep, conformable 
to that ralhnefs which had fo often affifted him in his 
former exploits. He determined to go to 1 tague, to 
Charles king of the Romans, whom the year before he 
had fummoned to his tribunal,” and who, he forefaw, 
would deliver him up to a Pope highly incenfed againft 
him. He was accordingly foon after feht to Avignon, 
and there thrown into a prilon, where he continued 
three years. I he divifions and difturbances m Itul^, 
occafioned by the number of petty tyrants that had 
eftablifhed themfelves in the cecleiiaftical territories, an i 
even at Rome, occafioned his enlargement. Innocent 
VI. who fucceeded Clement in the papacy, fenfible 
that the Romans ftill entertained an affection for our 
hero, and believing that his-chaftifement would teach 
him to a£t with more moderation than he had formerly 
(•me, as well as that “ gratitude would oblige him, for 
the remainder of his life, to preferve an inviolable at- 
tachment to the holy fee (by whofe favour lie fhould be 
re-eftablifhed),” thought him a proper inftrunvent to 
affift his defign of reducing thofe other tyrants ; and 
therefore, not only gave him his liberty, but alfo ap- 
pointed him governor and fenator of Rome. He met 
with many obftacles to the affumption of this newly- 
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all which, by cunning and refolu- 
overcame. But giving way to his 

granted authority ; 
tion, he at length 
paflxons, which were irftmoderately warm, and inclined 
him to cruelty, he excited fo general a refentment again!! 
him that he was murdered October 8. 1394. 

“ Such was the end of Nicojas Rienzi, one of the 
moll renowned men of the age ; who, after forming a 
confpiracy full of extravagance, and executing it in the 
fight of almoft the whole world, with fueh fuccefs that 
he became fovereign of. Rome ; after caufing plenty, 
juftice, and liberty, to flourifi among the Romans ; af- 
ter protecting potentates, and terrifying fovereign prin- 
ces ; after being arbiter of crowned heads ; after re- 
eftablifhing the ancient majefty and power of the Ro- 
man republic, and filling all Europe with his fame du- 
ring the feven months of his firft reign; after having 
compelled his mailers themfelves to confirm him in the 
authority he had ufurped againll their interells—fell at 
length at the end of his fecund, which lalled not four 
months, a facrifice to the nobility whofe ruin he had 
vowed, and to thofe vail projects which his death pre- 

•D/tf. vented him from putting into execution*.” 
pew edit. If the reader perceive any thing fimilar at prefent to 

the rife of this wonderful man to fovereign authority, 
he may perhaps confole himfelf with the hope that the 
modern conful will in all probability fall like the mo- 
dern tribune. Both rofe by difplays of the moll daring 
courage ; the affbeiates of both were priefts, who in 
the aftual exercife of government were cyphers ; both 
promifed liberty aod plenty to the people whom they 
ruled with abfolute fway ; and both have trampled up- 
on the order of nobility. 

RING, in allronomy and navigation, an inllrument 
ufed for taking the fun’s altitude, &c. It is ufually of 
brafs, about nine inches diameter, fufpended by a little 
fwivel, at the diftance of 45°, from the point of which 
is a perforation, which is the centre of a quadrant of 
90° divided in the inner concave furface. To ufe it, 
let it be held up by the fwivel, and turned round to the 
fun, till his rays, falling through the hole, make a fpot 
among the degrees, which marks the altitude required. 
This inllrument is preferred before the aftrolabe, be- 
caufe the divifions are here larger than on that inllru- 
ment. 

ROBERVALLIAN lines, a name given to cer- 
tain lines ufed for the transformation of figures ; thus 
called from their inventor Roberval, an eminent French 
mathematician, who died in 1675, aged 76 years. 
Thefe lines bound fpaces that are infinitely extended 
in length, which are neverthelefs equal to other fpaces 
that are terminated on all fides. 

The Abbot Gallois, in the Memoirs of the Royal 
Academy, anno 1693, obferves, that the method of 
transforming figures, explained at the latter end of Ro- 
berval’s Treatife of Indivifibles, was the fame with that 
afterwards publilhed by James Gregory, in his Geome- 
tric Univerfalis, and alfo by Barrow in his JLediones 
Gcometricj:; and that, by a letter of Torricelli, it e* 
pears that Roberval was the inventor of this manner of 
transforming figures, by means of certain lines, which 
Torricelli therefore called Robervallian lines. He adds, 
that it is highly probable that J. Gregory firll learned 
the method in the journey he made to Padua in 1668, 
the method itfelf having been known in Italy from the 
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year 1646, though the book was not publilhed till the 
year 1692. 

This account has been, we think, completely refu-' 
ted by David Gregory in his vindication of his uncle, 
publilhed in the Philofophical Tranfa&ions of 1694. 
The Abbot, however, rejoined in the Memoirs of the 
French Academy of 1703 ; and it is but fair to obferve, 
that Dr Hutton, fpeaking of the controverfy, exprefles 
himfelf as if he thought it undecided. 

ROCKET (fee Encycl. vol. xvi. p. 316.) is alfo a 
weapon of war much employed in the countries of 
Hindollan, combining with the miflile power of the 
javelin the impulfe of gun-powder. From the force 
and irregularity of its motion, the rocket is not eafily 
avoided, and, when thrown in numbers, it often makes 
very confiderable havock in an army. It confilts of a 
tube of iron, about eight inches long, and an inch 
and a half in diameter, clofed at one end : it is filled 
in the fame way as an ordinary Iky.rocket, and fixed to 
a piece of llout bamboo, from three to five feet long, 
the head of which is armed with a heavy iron fpike. 
At the extremity of the tube, which points towards the 
fhaft of the weapon, is the match ; and the man who 
ufee it, placing the butt end of the bamboo upon his 
foot, points the fpiked end in the dirtdlion of the ob- 
jedl to which he means to throw it, and fetting fire to 
the fuze, pitches it from him, when it Hies with great 
velocity^ ; and, on linking the ground by a bounding 
horizontal motion, a6ts with an aimoll certain effeffc in 
fracturing the legs of the enemy. When a fliower of 
rockets falls among a body of cavalry, it feldom fails 
to throw them into confufion. 

RODNEY (Lord). In our Ihort Iketch of the life 
of that gallant officer (Encycl.), we mentioned with re- 
gret our not having heard of anyr monument being ereCt- 
ed to his honour in.his native country. We have fince 
learned that there is a pillar upon the Brythen in Shrop- 
Ihire, which was evefted to his memory long before the 
publication of our article. 

Having this great man again under our notice, we, 
infert with pleafure the following extraCt of a letter, 
which we received from an obliging correfpondent foon 
after the publication of the volume which contains ou" 
biographical Iketch of the Admiral: Whatever were. 
Rodney’s merits as a naval commander (fays cur cor- 
refpondent), there is a more brilliant part of his cha- 
rader which you have entirely ncgle&ed. Prior to his 
fuccefs againll the Spaniffi Admiral Don Langara, the 
Englifh, who had the misfortune to become prifoners 
of war to the Spaniards, were treated with the greatell 
inhumanity, and it required more than a common 
ftrength of eonflitution to exilt for any length of time 
in a Spanilh pnfon. When the Spanilh admiral fell 
into the hands of Rodney", he, his officers and feamen, 
expeded to meet with the fame treatment they had al- 
ways infliCted, and which they" would have inflicted on. 
Rodney, his officers, and feamen, had the Spaniards 
been the vidors ; but, to their furprife, they found in 
Admiral Rodney (and, of courfe, in all that were under 
his command) a man who fympathifed in their misfor- 
tune, who miniltered to their neceffities, and by a hu-i 
mane and polite behaviour to his prifoners, made an, 
impreffion on the minds of the Spaniards, which coulct 
not but have its effed in mitigating the fufferings o£ 
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Roebuck, the Englifh in Spanilh prifons : but he did not ftop partiality 
—v— }iere . he took an opportunity, when their minds were 

expanded by gratitude (and in a ftate to receive the full 
- force of fuch a reprefentation), to reprefent to them the 

miferable condition of his countrymen who were pri- 
foners in Spain, and obtained a promife (which, l be- 
lieve, was punctually performed), that Englifhmen, 
when prifoners in Spain, ihould be made as comfortable 
as their fituation would admit of. This was a piece of 
fervice to his country which furely merits to be record- 
ed, and which will exalt him as much in the opinion of 
good men as the moft brilliant difplay of cour.ige, which 
is a quality as frequently difeovered in the lavage as in 
the cultivated mind.” 

ROEBUCK (John, M. D.), was born at Sheffield 
in York (hire in the year 1718. His father was a con- 
iiderable manufacturer and exporter of Sheffield goods, 
who by bis abilities and induftry had acquired a compe- 
tent fortune. John, his eldeit fon, the fubjeCt of this 
memoir, was intended by his father for carrying on his 
own lucrative bufinefs at Sheffield ; but was, from his 
early youth, irrefiftibly attached to other purfuits, more 
calculated to gratify his ambition, and give fuller play 
to his powers. Notwithftandmg this difappbintment in 
his favourite objeCk, his father had liberality enough to 
encourage his riling genius, and to give him all the ad- 
vantages of a regular education. 

After he had gone through the ufual courfe of the 
grammar fchool at Sheffield, both his father and mo- 
ther being ftriCt diffenters, they placed their fon for 
fome years under the tuition of the late Dr Doddridge, 
who was at that time mailer of an academy at North- 
ampton, and had juflly acquired high reputation among 
the diflfer.ters, both as a divine and as an inftruCtor of 
youth. Under the DoCtor’s care Mr Roebuck made 
great proficiency, and laid the foundation of that claffi- 
cal tafte and knowledge for which he was afterwards 
eminently diftinguifhed. It would appear that Di 
Doddridge had been much pleafed with the ardour and 
enthufiafm, in the purfuit of knowledge, difeovered by 
his pupil ; for Mr Roebuck, in an after period of his 
life, ufed frequently to mention the fubjeCts of conver- 
fatipn and inquiries of various kinds, in which the Doc- 
tor had engaged him. It was during his refidence at 
this academy that he contracted an intimate acquaint- 
ance with his fellow-fludents, Mr Jeremiah Dyfon, af- 
terwards much known in the political world, and Mr 
Mark Akenfide, fterwards Dr Akenfide, which termi- 
nated only with their lives. 

From the academy at Northampton he was fent to 
the univerfity of Edinburgh, where he applied to the 
ftudy of medicine, and particularly to that of chemiftry, 
which about that time began to attraCt fome attention 
in Scotland. While he refided there he diftinguifhed 
himfelf much among his fellow-ftudents, in their literary 
focieties and converfations, by great logical and meta- 
phyfical acutenefs, and by great ingenuity and refource 
in argumentation. The late fagacious Dr Porterfield, 
to whom he had been introduced, obferved and encou- 
raged his riling genius, and was greatly inflrumental in 
promoting his improvement. There, too, he formed an 
intimate acquaintance with Mr Hume, Mr Robertfon, 
afterwards Dr Robertfon, Mr Pringle, afterwards Lord 
Alemoor, and feveral other perfons of literary _ emi- 
nence j a circumftance which produced in his mind a 
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   ever afterwards in favour of Scotland, and 

contributed not a little to his making choice of it for 
the chief field of his future exertions and induftry. 

After Mr -Roebuck had gone through a. regular 
courfe of medical education at Edinburgh, being now 
determined to follow the practice of phyfic, lie next 
fpent fome time at the univerfity of Leyden, then in 
high reputation as the tirit fchool of medicine in Eu- 
rope. There, after the ufual refidence and courfe of 
trials, he obtained a degree in medicine ; and his diplo- 
ma, dated 2ift February '743, has affixed to it the re- 
fpeftable names of Mufchenbroek, Olterdyk, Van Roy* 
en, Albinus, Gaubius, &c. He left Leyden, after ha- 
ving vilited foine part of the north of Germany, about 
the end of the year. 

Soon after his return from the continent, fome cir- 
cumftancea induced Dr Roebuck to fettle as a phyti- 
cian at Birmingham. Before that time, Birmingham 
had begun to make a rapid progrefs in arts, manufac- 
tures, and population ; and by the death of an aged 
phyfician, an opening was prefented to him, which af- 
forded an immediate profpect of encouragement in that 
line. His education, talents, and interefting manners, 
were well calculated to promote his fuccefs as a phyli- 
cian. He accordingly met there, at a period more ear- 
ly than he expe&ed, with great encouragement ; and 
was foon diftinguifhed, in that town add the country 
adjacent, for his Ml, integrity, and charitable compaf- 
fion, in the difeharge of the duties of his profeffion. 

It appeared, however, foon after his refidence was 
fixed at Birmingham, that his ftudies and induftry were 
turned to various objetts befides thofe of his profeffion. 
Strongly attached to the riling fcience of chemiftry, he 
conceived high views of extending its ufefulnefs, and of 
rendering it fubfervient to the improvement of arts and 
manufactures. With this view he fitted up a imall la- 
boratory in his own houfe, in which he fpent every mo- 
ment of his time which he could fpare from the duties 
of his profeffion. There, in the true fpirit of his gnat 
mafter Lord Bacon,, of whofe philofophy lie was an ar- 
dent admirer, he carried on various chemical procefies of 
great importance, and laid the foundation of his future 
projects on well-tried and well digefted. experiments. 

The fiiit efforts of his genius and induftry, thus di- 
rected, led him to the difeovery of certain improved 
methods of refining gold and idver, and particularly to 
an ingenious method of collecting the fmaller particles 
of thefe precious metals, which had been formerly loft 
in the practical operations of many of the manufactu- 
rers. By other chemical proceffes, carried on about the 
fame time 111 his little laboratory, he difeovered alio im- 
proved methods of making fublimate hartihorn, and 
fundry other articles of ~equal importance. After ha- 
ving received full fatisfaCtion from the experiments up- 
on which fuch difeoveries and improvement were found- 
ed, he next digefted a plan for rendering them benefi- 
cial to himfelf, and ufeful to the public. A great part 
of his time being ftill employed in the duties of his pro- 
feffion, he found it neceffary to conned himfelf with 
fome perfon in whom he could repoie confidence, and 
who might be, in other refpeds, qualified to give him 
fupport and affiftance in carrying on his intended efta- 
blifhments. With this view, he chofe as his aflbeiate 
Mr Samuel Garbet of Birmingham ; a gentleman well 
qualified, by his abilities, adivity, and enterprifing fpi- 
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Roebuck, n’t, for bearing his part in their future undertakings. 

* The firfi. project was the eftablifhment of an extenlive 
laboratory at Birmingham, for the purpofes above men- 
tioned ; which, conduced by Dr Roebuck’s chemical 
knowledge, and Mr Garbet’s able and judicious ma- 
nagement, was productive of many advantages to the 
manufacturers of that place, and of fuch emolument to 
themfelves, as contributed greatly to the boldnefs of 
their future projefts. That laboratoty has, ever fince 
that time, continued at Birmingham, and is Itill con- 
duced by Mr Garbet. Dr Roebuck, long before his 
death, had given up his intereft in it. 

About this time, in 1747, the Doctor married Mifs 
Ann Roe of Sheffield, a lady of a great and generous 
fpirit, whofe temper and difpofition equally fitted her 
for enjoying the profperous circumllances of their early 
life, and for bearing her equal fhare of thofe anxieties 
and difappointments in bufinefs which fhaded, but did 
not obfcure, the later period cf their lives. 

Dr Roebuck’s unrernitted perfeverance in his chemi- 
cal ftudies, together with the fuccefs that attended them, 
led him, Hep by itep, to other refearches of great pub- 
lic and private benefit. 

The extenfive ufe of the vitriolic (fulphuric) acid in 
ehemiftry, and the profped of its application to fome of 
the mechanic arts, had produced a great demand for that 
article, and turned the attention of chemills to various 
methods of obtaining it. The late Dr Ward had ob- 
tained a patent for making it; and though the fub- 
flances from which it might be obtained, as well as cer- 
tain methods of obtaining it, had been known to others, 
and particularly pointed out by Lemery the Elder, and 
by Glauber, yet Dr Ward was the fir'll, it is believed, 
who eftablilhed a profitable manufacture upon the dif- 
covery. Much, however, was wanting to render the 
acid of univerfal ufe in chemiltry, and of extenfive uti- 
lity in tfie arts, where great quantities of it were re- 
quired. The price of it was high, arifing from the 
great expence of the glafs vefiels, which were made ufe 
of by Dr Ward in procuring it, and the frequent acci- 
dents to which they were liable in the procels. 

Dr Roebuck had been for fome time engaged in ma- 
king experiments with a view to reduce the price, and 
at length difeovered a method of preparing it, by fub- 
ftituting, in place of the glafs veflels formerly ufed, lead 
ohes of a great fize ; which fubftitution, together with 
fundry other improvements in different parts of the 
procefs, completely effected his end. 

After the neceffary preparations had been made, 
Meffrs Roebuck and Garbet eilablifhed a manufacture 
of the oil of vitriol at Predonpans, in Scotland, in the 
year 1749. This eftablifiiment not a little alarmed Dr 
Ward, who attempted to defeat their plan, by taking 
out a patent for Scotland, in addition to the one he had 
formerly obtained. In this attempt he failed. Dr Roe- 
buck’s difeovery was found not to come within the fpc- 
cification of Dr Ward’s patent. 

The Preftonpans company, convinced that patents 
are of little avail in preferving the property of new in- 
ventions or difeoveries, in conducting their vitriol works 
refolved to have recourfe to the more effectual methods 
of concealment and fecrecy. By that method they were 
enabled to preferve the advantages of their ingenuity 
and induftry for a long period of years, and not only 
ferved the public at a much cheaper rate than had ever 

been done formerly, but, it is believed, they realized, in Roebuck 
that manufacture, a greater annual profit from a fmaller v-—J 
capital than had been done in any fimilar undertaking. 
The vitriol work is ftill carried on at Preftonpans ; but 
long before Dr Roebuck’s death, he was obliged to 
withdraw his capital from it. 

About this time Dr Roebuck was urged, by fome 
of his Friends, to leave Birmingham, and to fettle as a 
phylician in London, where his abilities might have had 
a more extenfive field of exertion. He had been early 
honoured with the acquaintance of the late Marquis of 
Rockingham, who, as a lover of arts, had frequently 
engaged him in chemical experiments at Rockingham- 
houfe. It was there, alfo, he became acquainted with 
the late Sir George Saville, and with feven.1 other per- 
fons of rank and influence. His old friend and fchool- 
fellow Mr Dyfon, too, by this time, had acquired con- 
fiderable name and influence, and preffed him much to 
take that ftep. Under fuch patronage, and with the 
energy of fuch talents as Dr Roebuck poffeffed, there / 

could be little doubt of his foon arriving at an eminent 
rank as a phyfician in London. But the chemical con- 
cerns, with which he was at that time deeply occupied, 
holding out to him a profpe£t of a richer harveft, deter- 
mined him to give up the practice of medicine altoge- 
ther, and to fix his refidence for the greatdl part of the 
year in Scotland. 

The fuccefs of the eftablifhment at Preftonpans, 
which had far exceeded their expedtation, enabled the 
Dodtor and his partner Mr Garbet to plan and exe- 
cute other works of flill greater benefit and public uti- 
lity. In the profecution of bis chemical ftudies and ex- 
periments, Dr Roebuck had been led to bellow great 
attention on the proceffes of fmelting iron-ftone, and 
had made fome difeoveries, by which that operation 
might be greatly facilitated, particularly by ufing pit- 
coal in place of charcoal. Mr William Caddell of Cock- 
enzie, in the neighbourhood of Preftonpans, a gentle- 
man earnellly intent upon promoting manufadtures in 
Scotland, had, for feveral years, laboured, without 
much fuccefe, in eftablifhing a manufadture of iron ; a 
circumftance which may have probably contributed to 
turn Dr Roebuck’s attention more particularly to that 
fubjedt. As the capital which he and his partner Mr 
Garbct could appropriate for carrying on the iron ma- 
nufadture was not equal to fuch an undertaking, and 
chiefly depended upon the profits of their other works, 
their firlt intention was to attempt a fmall ellabliffiment 
of that kind in the vicinity of their vitriol works at 
Preftonpans. But the flattering profpedls of fuccefs, 
arifing from a courfe of experiments which Dr Roe- 
buck had lately made, encouraged them to extend their 
plan, and to project a very extenfive manufadtory of 
iron. A fufficicnt capital was foon procured, through 
the confidence which many of their friends repofed in 
their abilities and integrity. In fadt, the eftablifhment 
which they made, or rather the capital which gave it 
exiftence, was the united capital of a band of relations 
and friends, who trufled to Dr Roebuck and Mr Gar- 
bet the management of a great part of their fortune. 
When all previous matters had been concerted refpedt- 
ing their intended eftablifhment, the chief exertions of 
chemical and mechanical /kill, neceffary in the execu- 
tion, were expedted from Dr Roebuck. It fell to his 
fhare alfo to fix upon the belt and moil favourite fittta- 

tion 
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Rottack. tion for crefting their intended works. With that view 
> , ^ j)r Roebuck examined many different places in Scot- 

land, particularly thofe on both Tides of the Frith of 
Forth ; and after a careful and minute comoanfon ot 
their advantages and difadvantages, he at length made 
choice of a fpot on the banks of the river Carrcn as the 
mod advantageous fituation for the eftablifhment of the 
iron manufacture. There he found they could eafily 
command abundance of water for the necelfary machine- 
ry ; and in the neighbourhood of it, as well as every- 
where both along the north and fouth coafts of the 
Frith, were to be found inexhauftible quarries of iron- 
ftoue, limeltonc, and coal. From Carron, alfo, they 
could eafily tranfport their manufactures to different 
countries by fea.^ The communication with Glafgow 
at that time by land carriage, which opened up to them 
a ready way to the American market, was (hort and 
eafy. 

Many other things, that need not be here enumera- 
ted, fell to Dr Roebuck’s Ihare in preparing and pro- 
viding for the introduaion of this new manufadure in- 
to Scotland, particularly with reTped to the planning 
and eredion of the furnaces and machinery. To inlure 
fuccefs in that department, nothing was omitted which 
ability, induftry, and experience could fuggeft. With 
this view, he called to his allillance Mr Smeaton, then 
by far the firft engineer in England. It was from him 
he received plans and drawings of the water-wheels and 
blowing apparatus, which, notwithllanding all the me- 
chanical improvements which have been made fince, re- 
main unrivalled in any of the other ironworks ereded 
in Britain. This was the firft introdudion of Mr Smea- 
ton into Scotland, and was the occafion of various other 
difplays of the fkill and experience of that celebrated 
engineer in that part of the ifiand. With the fame 
view, and to the fame effed, in a future peiiod ot^ his 
operations, he employed Mr James W^att, then of Glaf- 
gow, and had the merit of rendering that inventive ge- 
nius, in the mechanical arts, better known both in this 
country and in England. 

The neceffary preparations for the eftablilhment of 
the iron works at Carron were finilhed in the end of the 
vear 1759; and on the ift January 1760 the firft fui- 
nace was blown ; and in a Ihort time afterwards a ie- 
cond was treded. 

No period of Dr Roebuck’s life required from him 
more vigorous and laborious exertions than that of the 
eftablifhment of the Carron works, and the firft trials 
of the furnaces and machinery. His family and friends 
remember well the ardour and intereft which he difco- 
vered ; the inceffant labour and watchfulnefs which he 
exerted on that occafion. Every thing wras untried, the 
furnaces, the machinery, the materials, the workmen ; 
the novelty of the undertaking in that country, its ex- 
tent and difficulty, and the great flake at iffue, weie 
circumftances that muft have occafioned much ferious 
thought and anxiety to the partner, upon the credit of 
whoie knowledge and experience the work had been 
undertaken. But the Dodor had great powers and 
great refources ; and the firft trial gave fufficient indi- 
cations of future fuccefs. 

For fome time after the eftablifhment of the Carron 
works, Dr Roebuck continued to give his attention and 
afliftance in the general management and fupermtend- 
ance of them, and with him all meafures of future'ope- 

rations were concerted. During this period, fome al- 
terations of great importance were fuggefted by him, 
and carried into effed. By carefully obferving the 
progrefs of fmelting in the furnaces, at firft worked by 
bellows, befides their being fubjed to various accidents, 
the Dodor difeovered the neceffity of rendering the 
blaft both ftronger and more equable ; and propofing, 
as a problem to Mr Smeaton, the bell method of effed- 
ing that end, that celebrated engineer foon gave the 
plan of a blaft by three or four cylinders, which was af- 
terwards tried, and fucceeded even beyond expedation. 

When the bufmefs at Carron funk by degrees into a 
matter of ordinary detail, and afforded lefs fcope for the 
Dodor’s peculiar talents, he was unfortunately tempt- 
ed to engage in a new and different undertaking ; from 
the failure of which he fuffered a reverfe of fortune, 
was deprived of the advantages refulting from his other- 
works, and during the remainder of his life became fub- 
jeded to much anxiety and difappointment. 

The eftablifhment of the Carron works, and the in- 
tereft Dr Roebuck had in their fuccefs, had naturally 
turned his attention to the ftate of coal in the neigh- 
bourhood of that place, and to the means of procuring 
the extraordinary lupplies of it which the iron-works 
might in future require. With the view, therefore, of 
increafing the quantity of coal worked in that neigh- 
bourhood, by an adventure which he thought would al- 
fo turn out to his own emolument, he was induced to 
become leffee of the Duke of Hamilton’s extenfive coal 
and fait works at Borrowltounnefs. The coal there 
was reprefented to exift in great abundance, and under- 
stood to be of fuperior quality ; and as Dr Roebuck 
had made himfelf acquainted with the moft improved, 
methods of working coal in England, and then not 
pradtifed in Scotland, he had little doubt of this adven- 
ture turning out beneficial and highly lucrative. In this, 
however, he was cruelly difappointed. The opening 
of the principal lira turn of coal required much longer 
time, and much greater expence, than bad been calcu- 
lated ; and, after it was opened, the perpetual fuccef- 
fion of difficulties and obftacles which occurred in the 
working and railing of the coal, was fuch as 'lias been 
feldom experienced in any work ol that kind. The 
refult was, that after many years of labour and indul- 
trv, there were funk in the coal and fait works at Bor- 
rowftounntfs, not. only his owm, and the conliderable 
fortune brought him by his wife, but the regular pro- 
fite of his more fuccefsful works; and along therewith, 
what diftreffed him above every thing, great funis of 
money borrowed from his relations and friends, which 
he was never able to repay ; not to mention that, from 
the fame caufe, he was, during the laft twenty years of 
his life, fubje&ed to a conftant fucceffion off hopes ami 
difappointments, to a courfe of labour and drudgery ill 
failed to his talle and turn of mind, to the irkfome and 
leafing bufinefs of managing and iludying. the humours 
of working colliers. But all thefe difficulties his un- 
conquerable and perfevering fpirit would have over- 
come, if the never-ceafing demands of his coal-worko, 
after having exhaufted the profits, had not alfo compel- 
led him to withdraw his capital from all his different 
works in fucceffion ; from the refining work at Bir- 
mingham, the vitriol work at Preftonpans, the iron- 
works at Carron, as well as to part with his intereft in 
the projed of improving the fteam-engine, in which he 

had 

Roebuck. 
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emolument. T C'es 0I
r
me:,t ,s fP1 t0 overlooked by the bufy or  

r   . •    “« fuPerfic'a1' and ‘»&i! in obtaining its due reward. 
The ctrcunrftances of Dr Roebuck were, in this refpeef, 
peculiarly hard : for though, moil certainly, the pro. 
lector and anfhnr , , i . . 

emolument. 
It would be painful to mention the unhappy confe- 

quences of this ruinous adventure to his family and to 
himfelf. It cut off for ever the flattering profpeft which 
they had of an independent fortune, fuited to their edu- 
cation and rank in life. It made many cruel encroach- 
mento upon the time and occupations of a man wliofe 
mind was equally fitted to enjoy the high attainments 
ot fcience, and the elegant amufements of tafte. As the 
price of fo many facriiices, he was only enabled to draw 
from Ins colliery, and that by the indulgence of his cre- 
ditors, a moderate annual maintenance for himfelf and 
family during his life. At his death, his widow was 
left without any provifion whatever for her immediate 
or future fupport, and without the fmalleft advantage 

duftry of her hufband. 
li)i Roebuck had, fome years before his death, been 

attacked by a complaint that required a dangerous chi- 
rurgical operation. That operation he fupported with 
his ufual fpint and refolution. In a fhort time he was 
reflored to a confiderable fhare of his former health and 
activity ; but the effeas of it never entirely left him, 
and feveral flighter returns of the complaint gradually 
impaired his conftitution. He ftill, however, continued, 
till within a few weeks of his death, to vifit his works, 
and to give direaion to his clerks and overfeers. He 
was confined to his bed only a few days ; and died on 
the 17th July 1794, retaining to the laft all his facul- 
ties, his fpirit and good humour, as well as the great 
intcieft which he took, as a man of fcience and reflec- 

jeaor and author of new eftablifhments highly ufdul 
to h.s country, and every day becoming more fo, he 
was by a train of unfortunate events, obliged to break 
oft his connection with them, at an unfeafonable time, 
when much was yet wanting to their complete fuccefs : 
and thus he left others in the pofTeffion, not only of the 
lucrative advantages now derived fiom them, but even 
in fome meafure* of the general merit of the underta- 
kuig, to a confiderable part of which he had the moifc 
undoubted claim. 
. ry^le eftablifhment of the laboratory at Birmingham 
111 the year 1747, the firit public exhibition of Dr Roe from the extraordinary exertions and meritorious in- buck’s chemictl talents f, bl’tion of D!' Roe- 

dultry of her hufbapd. IfT..'3.'?" ?. ",aS’ at ,t,lat Pi™**' P^> 

UnCOmm°n e’CntS "'hich tlle aS= haa '7'a>a. ‘he flmpi;f;;„gqrtl:e ,hgetv”g exhibited. 
From a man fo deeply and fo conflantly engaged in 

the detail of ai^ive bufinefs, many literary compofitions 
were not to be expe&ed. Dr Roebuck left behind him 
many works, but few writings. The great object which 
he kept invariably in view vras to promote arts and ma- 
nufaCIures, rather than to eftablifh theories or hypothe- 
fes. Bhe few effays which he left, enable us to judge 
of. what might have been expe&ed from his talents, 
knowledge, and boldnefs of invention, had not the ac- 
tive undertakings in which, from an early period of 
life, he was engaged, and the fatiguing details of bufi- 
nefs, occupied the time for fludy and inveftigation. A 
comparifon of the heat of London and Edinburgh, read 
in the Royal Society of London June 29, 1775 ; ex- 
periments on ignited bodies, ad there 16th Feb. 1776; 
obfervations on the ripening and filling of corn, read in 
the Royal Society of Edinburgh 5th June 1784—are all 
the writings of his, two political pamphlets excepted, 
which have been publifiied. The publication of the 
effay' on ignited bodies was occafioned by a report of 
fome experiments made by the Comte de Buffon, from 
which the Comte had inferred, that matter is heavier 
when hot than when cold. Dr Roebuck’s experiments, 
made with great accuracy before a committee of the 
Royal Society at London, feem to refute that notion. 

It is the works and eftablifhments projedted and exe- 
cuted by Dr Roebuck, with the immediate and more 
remote effedts of them upon the induftry, arts, and ma- 
Tll“a<^urer® Scotland, which urge a juft claim to the 
rdpedi and gratitude ©f his country. This tribute is 

and in the ftate of the arts and mamifadtures at that 
time, highly beneficial, and fubfervient to their future 
piogiefs : and the continuance and fuccefs of it, in that 
place, 13 a proof of the advantages which many of the 
manufadfurets receive from it. Much had already been 
done, and many improvements made in aits and’manu- 
fad'-ures, chiefly by the fuggeftions of that ingenui- 
ty and experience which, in the detail of bufinefs, 
might be expeaed from the praaical artift. Dr Roe- 
buck was qualified to proceed a ftep farther ; to direa 
experience by principles, and to regulate the mechani- 
cal operation of the artift by the lights of fcience. The 
effeas of that eftablifhment extended, in a particular 
manner, to all that variety of manufaaures in which 
gold and filver were required, to the preparing of ma- 

of expence and labour, and to the turning to fome ac- 
count what had been formerly loft to the manufadlurer. 
t is well known that, while Dr Roebuck .refided at 

Birmingham, fuch was the opinion formed of his che- 
mical knowledge and experience by the principal ma- 
nuradurers, that they uiually confulted him on any new 
trial or effort to improve their feveral manufadtures; 
a, ,wben, be kit that place, they fincerely regretted the lofs or that eafy and unreferved communication they 
had with him on the fubjedts of their feveral depart- 
ments. r 

On account of fimilar circumftances, the benefit to 
the public, from the eftablifhment of the vitriol works 
at Pieftonpans, in the extention and improvement of 
many of the arts, cannot now be exadliy afeertained. 
I he vitriolic acid is one of the moft active agents in 

chemiftry, and every difeovery which renders it cheap 
and acceffible to the chemift muft be greatly fubfervient 
to the progrefs of that fcience. By the eftablifhment 
at leftonpans, the price of that valuable acid was re- 
cuced nom fixteen to four pence per pound. It is to 
Dr Roebuck, therefore, that chemifts are indebted for 
being in poffeflion of a cheap acid, to which they can 
have recourfe in fo many proceffes. 

But Dr Roebuck’s objed in the profecution of that 
Icheme, was not fo much to facilitate the chemift’s la- 
bombas to render that acid, in a much higher degree 
than it had formerly been, fubfervient to many of the 
pradical arts. By rendering the vitriolic acid cheap, 
great ufe came to be made of it in preparing the muria- 
tic acid, and Glauber’s falts from common falts. Its 

ufe 
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E„Wk ufe has been farther extemlcd to many metallic procef- 
w——v-  fes . and it has lately been employed in feparatmg fdver 

from the clippings of plated copper, the ufe of which 
is very exteniive. 

The project and ellablilhment, however, of the iron- 

1 479 1 ROE 
of that kind in Scotland. But the bell, and moll in- 
fallible proof of Dr Roebuck’s merit, and of the found 
principles on which thefe works were eftabliflied, is the 
prefent prolperous (late of that eftablilhment, the great 
perfection of many branches of their manufactures, and 

Roebuck' 

I lie project anu euaDiiunncui, nuwcvei, j  ;   r j d -n • 
works at Carron, the moft extenfive eftablilhment of particularly the many exteniive and flounlhmg iron- 
that kind hitherto in Britain, muft be confidered as Dr works which have fince been erected upon the model 
Roebuck’s principal work. The great and increafmg of Carron in different parts ot Scotland, at Ucugn, 
demand for iron in the progreflive Hate of arts, manu- Clyde, Miurknk, and Devon. It cannot be denied 
faCtures, and commerce in Britain, and the great fums that all thefe works have iprung from the eftablilhment 
of money fent every year to the north of Europe for at Carron, and are ultimately founded upon the know- 
that article, turned the attention of chemifts and artifts 
to the means of promoting the manufacture of iron, 
with the view of reducing the importation of it. No 
perfon has a better lounded claim to merit, in this par- 
ticular, than Dr Roebuck. The fmelting of iron by 
pitcoal, it is indeed believed, had been attempted in Bri- 
tain in the beginning of the laft century. In the reign 
of James I. feveral patents feem to have been granted 
for making hammered iron by pitcoal, particularly to 
the Hon. Dud Dudley and Simon Starlevant. It does 
not appear, however, that any progrefs had been made 
in the manufacture in confequence of thefe patents. In 
later times trials have been made by fo many different 
perfons, and in fo many different places in England, 
nearly about the fame time, that it may be difficult to 

ledge and experience which have been obtained from 
them ; for feme of the partners, or overfeers of thefe 
new works, and many of the workmen, have been, at 
one time or another, connected with that of Carron. 
Hence, then, it is owing to the projector and promoter 
of the eftablilhment at Carron, that Scotland is, at this 
moment, benefited to the amount ot many hundred 
thoufand pounds, in working up the raw materials of 
that manufacture found in the country itielf, and which, 
previous to that eftablilhment, was of no value what- 
ever. Such are the prcfent7 but fcarcely any idea can 
be formed of the future, advantages to this eoui 'ry, 
which may be derived from the extenfion of the iron 
manufacture. About 6c,coc tons ot iron have been 

nearly aoom me lame ume, mar .. —> - - annually imported into Great Britain for more than 
fay where and by whom the firft attempt was made, twenty years paft ; and though there has been forJome 
particularly as the difeoverers of fuch proceffes wiffied time about 20,000 tons of bar iron made m Britain by 
to conceal the knowledge they had gained as long as pitcoal, yet the foreign imposed iron has fullered little 
they could. But Dr Roebuck was certainly among or no diminution m quantity. 1 his great conlumption 
the firft who, by means of pitcoal, attempted to. refine 
crude or pig iron, and to make bar iron of it, inftead 
of doing it by charcoal, according to the former prac- 
tice : And he was, without all queltion, the perfon who 
introduced that method into Scotland, and fiift efta 

of iron, no doubt, is owing to the various improvements 
of late years, and the general extenfion throughout all 
Europe of commerce and the arts. The manuiaClure 
of iron muft therefore continue to increafe ; and Scot- 
land, abounding everywhere in ironftone, pitcoal, and 

blilhed an extenfive manufacture of it. It is not meant in command of water for machinery, has the prolped of 
to aferibe to him the foie merit of the eftablilhment at obtaining the largeft lhare of it. 
Carron. No man was ever more ready than he was to 
do juftice to the abilities and fpirit of his friends and 
partners Meffrs Garbet, Caddell, &c. who firft.embark- 
ed with him in that great undertaking. But ftill it may 
be faid with truth, that the original projeft of the iron- 

To the eftablilhment of the Carron works, and to 
the confequences of that eftablilhment, may be aferibed 
alfo the exiltence of other public works in Scotland of. 
great importance and utility.. The opening of a com- 
munication by water betwixt the Forth and the Clyde DC laid Wlul iruuJ, uiai uic ungiuai ^      --- - - - r 1 • Xi C 

works at Carron, the chemical knowledge and expe- had long been projected, and frequently the iubjeCt ot 
rience on which they were founded, the complicated cor.verfation in Scotland, hut nothing in faCt had been 
calculations which ware previoufly required, the choice attempted. The eftablifhment of the iron-works at 
of the fituation, the general conduCt and direction of Carron loon called forth fufficient intereft and entei- 
the buildings and machinery, the fuggeftion of many prife to biing about the execution of this grand defign,. 
occafional improvements, together with the removal of Some of the partners of the Carron company, forefee- 
many unforefeen obftacles and difficulties, which occur- 
red in the infant ftate of that eftablilhment, were, in a 
great meafure, the work and labour of Dr Roebuck, 
Nor can it, with the lealt Ihadow of juftice, detraCl from 
his merit, that a larger capital, and greater expence 
than was at firft calculated, have been found neceffary 

ing the advantages they would derive from fech a com- 
munication, propofed, at their own expence, to execute 
a fmall canal; and, after taking the preparatory fteps, 
aCtually applied to Parliament to obtain authority for 
that purpofe. But the projeCt of the imall canal not 
meeting with the approbation of fome noblemen and Loan was ax. nm cdicujdicu, Gavv. Gtcu iwuuvi v ^ ^ , r i i 

to bring the works at Carron to their prefent ftate of gentlemen in that part ol Scotland, they oppoied the 
perfeClion ; or, that great alterations and improvements bill? and obliged themfelves to execute a gieater canal, 
have taken place, during the courfe of forty years, in which has now been many years fihilhed, and is found, 
a great and progreffive eftablilhment. In all works of to he of the greateft advantage to the trade and copa- 
that kind, the expence exceeds the calculation. The merce of Scotland. 1 he merit of this undertaking is ■ 
undertakers even of the lateft iron-works which have not meant to he aicribed to Dr Roebuck, excepting in 
been ereCted, notwithftanding all the advantages oh- fo far as it neceffarily arofe from the eftablilhment. of 
tained from recent experience, will be ready to ac- the Carron company, of which he was the original 
knowledge, that, in thefe refpeCls, there is little room projector ; and it may reafonably he doubted whether,. 
to blamed he original projedor of the firft eftablilhment without that eftablilhment, it would have yet taken 

pJ.3CC» . 
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Roebuck, place. Several other 
^ v executed in different parts of Scotland, and other very 

important ones are at prefent proje&ed. 
The different eftablifhments which Dr Roebuck made 

at Borrowftounnefs in carrying on the coal and fait 
works there, though ultimately of no advantage to hira- 
ielf, were attended, during the courfe of thirty years, 
with the moil beneficial effe&s upon the trade, popula- 
tion, and induftry of that part of Scotland. They were 
the means alfo of adding very confiderably to the pub- 
lic revenue. Previous to the time thefe works fell un- 
der Dr Roebuck’s management, they produced no ad- 
vantage either to the proprietor, to the adventurers, or 
to the public. But by his mode of conducting them 
upon a more extenlive plan, by opening up new feama 
of coal, and of better quality, he was enabled to export 
a very confiderable quantity, to increafe the quantity of 
fait, and of courfe the revenue arifing from thefe arti- 
cles. In thefe works, and in the management of a 
large farm, Dr Roebuck gave employment to near a 
thoufand perfons at Borrowftounnefs and in the neigh- 
bourhood. 

Nor was it folely by the different eftablilhments which 
-he projefled and executed, but by many other things 
neceffarily connefted with them, that Dr Roebuck’s 
labours were beneficial to Scotland. Along with them 
he may be faid to have introduced a fpirit of enterprife 
and induftry, before that time little known in Scotland, 
which foon peiwaded many other departments of labour, 
and gave birth to many other ufeful projefts. He 
brought from England, then much farther advanced in 
arts and induftry, many ingenious and induftrious work- 
men, at great expence, who, by their inftruCtions and 
example, communicated and diffufed (kill and know- 
ledge to others. At all times Dr Roebuck held out 
liberal encouragement to rifing genius and induftrious 
merit ; atid fpared no expence in making trials of im- 
provements and difeoveries which were connefted with 
the different projeCts and works which he was carry- 
ing on. 

Such was the a&ive and ufeful life of Dr Roebuck, 
a man of no common caft, who united, in a very high 
degree, a great number of- folid and brilliant talents, 
which, even feparately, fall to the lot of but few indi- 

■viduals. Diftinguifhed by an ardent and inventive mind, 
delighting in purfuit and inveftigation, always afpiring 
at fomething beyond the prefent Hate of fcience and 
art, and eagerly prefling forward to fomething better or 
more perfect, he thus united energies the moft power- 
ful with the moft unwearied and perfevering induftry. 

"To that peculiarity of imagination, fo fitted for feien- 
tific purfuit, which readily combines and unites, which 
fteadily preferves its combinations before the eye of the 
mind, and quickly difeovers relations, refults, and confe- 
quences, was added, in his charafter, great prompti- 
tude and firmnefs in decifion. Strongly and early im- 
preffed with the great importance of applying chemical 
and phyfical knowledge to the,ufeful arts, to the melio- 
ration of civil life, he never loft fight of that favourite 
view, and difeovered great boldnefs and refource in the 
means and expedients which he adopted to promote it. 
He was certainly mafter of the beft philofophy of che- 
miftiy known in the earlier parts of his life; anil though 
in every ftage of that fcience he marked and underftood 
the progrefs of the difeoveries, yet his numerous avoca- 
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canals have fince that time been tions did not permit him to follow them out by expen 

mental proceffes of his own. Upon that, and indeed 
aim oft upon every fubjeft, his mind readily grafped the 
moft ufeful and fubftantial points, and enabled him to 
throw out fuch hints and hypothefes as marked him the 
man of genius. 

During the courfe of a regular education, both at 
Edinburgh and at Leyden, Dr Roebuck ftudied the 
claffic authors with great attention, particularly the hi- 
ftorical and political parts of their works. Upon thefe 
fubje&s he had read much, felefted with judgment, and 
was well acquainted wilh the fadls and philofophy of 
ancient governments. This tafte he carried with him, 
and improved in every period of his life, and in every 
fituation. It abundantly rewarded him for the earneft- 
nefs and diligence with which it had been acquired. It 
became his favourite refource, and indeed one of the 
chief enjoyments of his life. Pofleffing the happy ta- 
lent of turning his mind from ferious and fatiguing, to 
elegant and recreating purfuits, it was no uncommon 
thing with him to return from the laboratory or the 
coalpit, and draw relaxation or relief from fome one or 
other of the various ftores of clafiical learning. 

No man was better acquainted with the hiftory of 
his country than Dr Roebuck, or more admired and 
revered the conftitution of its government. By temper 
and education he was a Whig, and at all times entered 
with great warmth into the political difputes and con- 
troverfieu which agitated parties in the different periods 
of his life. If the natural warmth of his temper, and 
his enthufiafm on thefe fubje&s, led him, on fome occa- 
fions, beyond the bounds of candid argumentation, his 
quick fenfe of decorum, and his perfect habits of good 
manne.s, produced an immediate atonement, and refto- 
red the rights of elegant and polifhed converfation. 

The general acquaintance which Dr Roebuck had 
acquired with natural and experimental philofophy, to- 
gether with his clafiical and political knowledge, ren- 
dered him an agreeable companion to the learned almoft 
of every department, and procured him the attachment 
and friendfliip of many of the firft literary characters in 
Britain. With his friend Dr Black he lived till his 
death in clofe habits of intimacy; and he often acknow- 
ledged, with much franknefs, the advantages which he 
derived in his various purfuits, from a free and unrefer- 
ved communication with that eminent chemift. 

The amiable difpofitions of fenfibility, humanity, and 
generofity, which ftrongly marked his character in the 
general intercourfe of fociety, were peculiarly preferved 
and Cxercifed in the bofom of his family, and in the 
circle of his friends. In the various relations of hufband, 
father, friend, or mafter, and in the difeharge of the re- 
fpective duties arifing from them, it would not be eafy 
to do juftice to his character, or to determine in which 
of them he moft excelled ; nor muft it be forgot, for it 
reflected much honour on his benevolent heart, that his 
workmen not only found him at all times a kind and 
indulgent mafter, but many of them, when their cir- 
cumftances required it, a fkilful and compafiionate phy- 
fician, who cheerfully vifited the humbleft receffes of 
poverty, and who attached them to his fervice by mul- 
tiplied acts of generofity and kindnefs. 

ROEME*R (Olaus), a noted Danifh aftronomer 
and mathematician, was born at Arhufan in Jutland, 
1644 ; and at 18 years of age was fent to the univerfity 

of 

Roebuck, 
Roemer. 
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Roemer, of Copenhagen* He applied airiduoufltr to the ftudyof 
Rollock. (he mathematics and aftronomy, and became fo expert 

jn thofe fciences, that when Picard was fent by Louis 
the XIV. in 1671, to make obfervations in the north, 
he was greatly furprifed and pleafed with him. He en- 
gaged him to return with him to France, and had him 
prefented to the king, who honoured him with the dau- 
phin as -a pupil in mathematics, and fettled a penfion up- 
on him. He was joined with Picard and Caffini, in 
making altronomical obfervations ; and in 1672 he was 
admitted a member of the Academy of Sciences. 

During the ten years he refided at Paris, he gained 
great reputation by his difcoveries ; yet it is faid he com- 
plained afterwards, that his coadjutors ran away with 
the honour of many things which belonged to him. 
Here it was that Roemer, firll of any one, found out 
the velocity with which light moves, by means of the 
eclipfes of Jupiter’s fatellites. He had obferved for 
many yrears, that when Jupiter was at his greateft diftance 
from the earth where he could be obferved, the emer- 
fxons of his firft fatellite happened conftantly 15 or 16 
minutes later than the calculation gave them. Hence 
he concluded, that the light refle&ed by Jupiter took 
up this time in running over the excefs of diilance ; and 
confequently that it took up 16 or 18 minutes in run- 
ning over the diameter of the earth’s orbit, and 8 or 9 
in coming from the fun to us, provided its velocity was 
nearly uniform. This difcovery had at firft many op- 
pofers ; but it was afterwards confirmed by Dr Bradley 
in the moft ingenious and beautiful manner. 

In 1681 Roemer was recalled to his native country 
by Chriftian the Vth King of Denmark, who made 
him profeflor of aftronomy at Copenhagen. The king 
employed him alio in reforming the coin and the archi- 
tecture, in regulating the weights and meafures, and in 
meafuring and laying out the high roads throughout 
the kingdom ; offices which he difcharged with the 
greateft credit and fatisfa&ion. In confequence he was 
honoured by the king with the appointment of chan- 
cellor of the exchequer and other dignities. Finally, he 
became counfellor of ftate, and burgomafter of Copen- 
hagen, under Frederic the IV. the fucceffor of Chrif- 
tian. Roemer was preparing to publifti the refult of 
his obfervations, when he died the 19th of September 
1710, at 66 years of age : but thislofs was fupplied by 
Hurrebow, his difciple, then profelfor of aftronomy at 
Copenhagen, who publilhed, in qto, 1 753, various ob* 
fervations of Roemer, with his method of obferving, un- 
der the title of Bafis AJlronomits.— He had alfo printed 
various aftronomical obfervations and pieces, in feveral 
volumes of the Memoirs of the Royal Academy of 
Sciences at Paris, of the inftitution of 1666, particularly 
vol. T. and 10. of that collection. 

ROLLOCK (Robert), the firft principal of the 
college of Edinburgh, was the fon of David Rollock of 
Pouhoufey or, as it is now written, Fowls, in the neigh- 
bourhood of Stirling. He was born in 1555 ; and 
learned the rudiments of the Latin tongue under one 
Mr Thomas Buchanan, who kept, fays Archbifhop 
Spottifwood, a famous fchool at that time, and was, 
according to Dr Mackenzie, one of the moft eminent 
grammarians in Scotland. Where Mr Buchanan kept 
iiis fchool, neither of thefe authors has informed us. 

From fchool Mr Rollock was fent, we know not in 
Suppl. Vol. II. Part II. 

what year, to the univerfity of St Andrews, and ad* RoHack. 
mitted a Undent in St Salvator’s college. His pro- ^ 
grefs in the fciences, which were then taught, was fo 
great and fo rapid, that he had no fooner taken his de- 
gree of M. A. than he was chofen a profeffor of philo- 
fophy, and immediately began to read leClures in St 
Salvator’s college. This muft have been at a very early 
period of life ; for he quitted St Andrews in the year 
I5^3» when> according to Mackenzie, he had taught 
philofophy for fome time in that univerfity. 

Not long before this period, the magiftrates of Edin- 
burgh having petitioned the king to ereft a univerfity 
in that city, he granted them a charter under the great 
feal, allowing them all the privileges of a univerfity ; 
and the college being built in 1582, they made choice 
of Mr Rollock to be their principal and profeffor of 
divinity. ^ 

At what time he was admitted into holy orders, by 
whom he was ordained, or indeed whether he ever was 
ordained, has been the fubjedt of fome acrimonious con- 
troverfy ; but it is a controverfy which we fhall not re- 
vive; for, confidering the manner in which orders were 
then conferred in Scotland, the queftion in debate is of 
very little importance. It is certain that he became fa- 
mous in the univerfity, and among his countrymen in ge- 
neral, for his ledtures in theology, and for the perfuaiive 
power of his preaching; for Calderwood affures us, that, 
in 1589, he and Mr Robert Bruce, another popular ora- 
tor, made the Earl of Bothwel fo fenfihle of his finful 
and vitious courfes, that, upon the 9th of November, 
his lordlhip humbled himfelf upon his knees in the eaft 
church in the forenoon, and in the high church in the 
afternoon, confeffing before the people, with tears in his 
eyes, his diffolute and licentious life, and promiiiug to 
prove, for the future, another man. 

In the year 1593, Principal Rollock and others were 
appointed by the ftates of parliament to confer with 
the popifh lords; and in the next year he was one of 
thofe who, by the appointment of the general affembly 
of the church, met at Edinburgh in the month of May, 
and prefented to his majefty a paper, entitled, The dan- 
gers which, through the impunity of excommunicated 
PAPISTS, TRAFFICKERS WITH THE SPANIARDS, and 
other enemies of the religion and ejlate, are imminent to the 
true religion profefj'ed within this realm, his Majejly's per- 
fon, crown, and liberty of this our native country. His 
zeal againft Papifts was indeed ardent; and he feems to 
have adopted that judaical dodtrine, which was embra- 
ced in fome degree by all the reformers, that it is the 
duty of the civil magiftrate to punifh idolatry with 
death. 

In the year 1595 he was nominated one of the com- 
miffioners for the vifitation of colleges. Thefe com- 
miffioners were empowered to vifit all the colleges in 
the kingdom, to inquire‘into the doftrine and life of 
the feveral mafters, the difcipline ufed by them, the , 
ftate of their rents and living, and to make their report 
to the next affembly. 

In 1596, the factious behaviour of fome of the mi- 
nifters having drawn upon them the juft refentment of 
the king, our principal was employed, on account of 
his moderation, to foften that refentment, and to turn 
his majefty^ wrath againft the Papijls ! In the year 
1597, he was chofen moderator of the General Affem- 
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Rollock. bly—the highell dignity in the Ccottifh church ; and fermons, 

he had the influence to get fome great abufes redrefied. 
Being one of fourteen minifters appointed by this af- 
fembly to take care of the affairs of the church, the 
firfl thing which he did was to procure an a£t of the 
legiflature, reitoring to the prelates their feats in par- 
liament. He had here occafion for all his addrefs ; for 
he had to reconcile to this meafure, not only fuch of the 
minifters as abhorred all kinds of fubordination in the 
church, but likewife many of the lay lords, who were 
not delighted with the profpeft of fuch affociates in 
parliament as the Scotch prelates were at that pe- 
riod (a). 

Though he fpent the greater part of his life in con- 
dufting the affairs of the church, we have the autho- 
rity of Spottifwood fur faying, that he would have pre- 
ferred retirement and ftudy. To the buttle of public 
life, efpecially at that period of faction and fanaticifm, 
his feeble conftitution was not equal; and his inclina- 
tion would have confined him to his college and his 
library. He was dreadfully affli&ed with the Hone ; 
the torments of which he long bore with the fortitude 
and refignation of a Chriftian. He died at Edinburgh 
on the 28th of February 1598, in the 43d year of his 
age; having exhorted his brethren,with his dying-breath, 
to carry themfelves more dutifully to their gracious 
fovereign. 

His works are, 1. A Commentary on the Firfl Book 
of Theodore Beza’s Queftions. 2. A Commentary on 
St Paul’s Epillle to the Ephefians, 4to, Edinburgh, 
159°. 3. A Commentary on the Prophet Daniel, qto, 
Edinburgh, 1591. 4. A Logical Analyfis of St Paul’s 
Epiftle to the Romans, 8vo, Edinburgh, 1594. 5. 
Some Queftions and Anfwers concerning the Covenant 
of Grace and the Sacraments, 8vo, Edinburgh, 1596. 
6. A Treatife of Effeftual Calling, 8vo, Edinburgh, 
1597. 7. A Commentary on the Epiftles of St Paul 
to the Theffalonians and Philemon, 8vo, Geneva, 1597. 
8. A Commentary upon Fifteen Sele& Pfalms, 8vo, 
Geneva, 1598. 9. A Commentary on the Gofpel of 
St John, with a harmony of the Four Evangelifts upon 
the Death, Refurredlion, and Afcenfion of Jefus Clirift, 
8vo, Geneva, 1599. 10. Certain Sermons on Several 
Places of St Paul’s Epiftles, 8vo, Edinburgh, 1598. 
II. A Commentary upon the Epiftle to the Coloffians, 
8vo, publifhed at Geneva, 1602. 12. A Logical A- 
nalyfis of the Epiftle to the Hebrews, 8vo, Edinburgh, 
1605. 13. A Logical Analyfis of the Epiftle to the 
Galatians, 8vo, London, 1602. 14. A Commentary 
upon the Two Firft Chapters of the Firfl Epiftle of St 
Peter, 8vo, London, 1603. 15 and 16. A Treatife 
of Juftification, and another of Excommunication, both 
in 8vo, London, 1604. All thefe works, except the 

ROT 
are in Latin. That Principal Rollock was 

held in high eftimation in the college over which he 
prefided, is made at lead probable by the following epi- 
taph : 

T'e Rolloce, extinBo, Urbs rtuejla^ Academia mcejla ejl; 
Rt tota excquiis Scotia mccjla tu'u. 

Uno in te nobis dederat Deus omnia, in uno 
Re Deus eripuit omnia qua. dederit. 

ROSES Otter (or effential oil) of. In the Esi* 
cyclopadia, under the word Roses, we have given one 
receipt for making this very high-priced perfume ; and 
we fhall here give another; which, whether it be as ef- 
feflual or not, is at leaft fimpler and lefs expenfive. It 
is by an officer who was in the country where the Otter 
is prepared, and who affifted in making it himfelf; and 
is as follows : 

Take a very large glazed earthen or ftone jar, or a 
large clean wooden calk; fill it with the leaves of the 
flowers of rofes, very well picked, and freed from all 
feeds and ftalk^; pour on them as much pure fpring 
water as will cover them, and fet the veffel in the fun, 
in the morning at fun-rife, and let it ftand till the even- 
ing, then take it into the houfe for the night ; expofa 
it, in this manner, for fix or feven fucceffive days, and^ 
at the end of the third or fourth day, a number of par- 
ticles, of a fine yellow oily matter, will float on the fur- 
face,, which, in two or three day& more, will gather in- 
to a fcum, wdiich is the otter of rofes. This is taken 
up by fome cotton, tied to the end of a piece of ftick, 
and fqueezed with the finger and thumb into a fmall 
phial, which is immediately well ftopped ; and this is 
repeated for fome fucceffive evenings, or while any of 
this fine eflential oil rifes to the furface of the water.” 

Dr Donald Monro, who communicated this receipt to 
the Royal Society of Edinburgh, fays, that he has been 
informed, that fome few drops of this eflential oil have 
more than once been colle&ed by dittillation in Lon- 
don, in the fame manner as the eflential oils of other 
plants. 

ROTA Aristotelica, or Arijlotle’s Wheel, denotes 
a celebrated problem in mechanics, concerning the mo- 
tion or rotation of a wheel about its axis; fo called be- 
caufe firft noticed by Ariftotle. 

The difficulty is this. While a circle makes a revo-- 
lution on its centre, advancing at the fame time in 3. 
right line along a plane, it defcribes* on that plane, a 
right line which is equal to its circumference. - Now7 if 
this circle, which may be called the deferent, carry 
with it another fmaller circle, concentric with it, like 
the nave of a coach wheel; then this little circle, or 
nave, will defcribe a line in the time of the revolution, 
which fhall be equal to that of the large wheel or cir- 

cumference 

Rofes, 
Rota, 

(a) The conftitution of the Scotch church was, at this period, a flrange fyftem of inoonfiftency-and contra* 
didlion. It was, in fa£l, prefbyterian ; for ecclefiaftical difcipline was adminiftered then, as at prefent, by kirk- 
feffions, prelbyteries, and general aflemblies; and there was not a reformed biftiop in the kingdom. Whether 
provincial fynods were then in ufe, the writer of this note does not at prefent recolledl. The king* however, 
who was meditating the reftoration of epifeopacy, conferred the eftates, or part of the eflates, belonging to the 
different fees, upon the moft eminent parochial minifters, and dignified them with the title of bifhops ; though it 
does not appear that they had any jurifdi&ion over their brethren ; and though they were certainly not ex ojjicio 
So much as moderators of the prefbyteries within the bounds of which their churches were fituated. Thefe were 
the men for whom Mr Rollock e&erted himfelf to obtain feats in the parliament.. 
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.Rota, cuniference itfelf; becaule its centre advances in a right 
Rowning. i[ne as faft as that of the wheel does, being in reality 

the fame with it. 
The folution given by Ariftotle, is no more than a 

good explication of the difficulty. 
Galileo, who next attempted it, has recourfe to an 

infinite number of infinitely little vacuities in the right 
line defcribed by the two circles ; and imagines that 
the little circles never applies its circumference to thofe 
vacuities; but in reality only applies it to a line equal 
to its own circumference ; thougli it appears to have 
applied it to a much larger. But all this is nothing to 
the purpofe. 

Tacquet will have it, that the little circle, making its 
rotation more flowly than the great one, does on that 
account defcribe a line longer than its own circumfe- 
rence ; yet without applying any point of its circumfe- 
rence to more than one point of its bafe. But this is no 
more fatisfa&ory than the former. 

After the fruitiefs attempts of fo many great men, 
M. Dortous de Meyran, a French gentleman, had the 
good fortune to hit upon a folution, which he lent to 
the Academy of Sciences ; where, being examined by 
Meflrs de Louville and Soulman, appointed for that pur- 
pofe, they made their report that it was fatisfa&ory. 
The folution is to this effecl: 

The wheel of a coach is only afted on, or drawn in a 
right line ; its rotation or circular motion arifes purely 
from the refiftance of the ground upon which it is ap- 
plied. Now this reliflance is equal to the force which 
draws the wheel in the right line, inafmuch as it defeats 
that direction ; of confequence the caufes of the two 
motions, the one right and the other circular, are equal. 
And hence the wheel defcribes a right line on the ground 
equal to its circumference. 

As for the nave of the wheel, the cafe is otherwife. 
It is drawn in a right line by the fame force as the 
wheel; but it only turns round becaufe the wheel does 
fo, and can only turn in the fame time with it. Hence 
it follows, that its circular velocity is lefs than that of 
the wheel, in the ratio of the two circumferences ; and 
therefore its circular motion is lefs than the re&ilinear 
one. Since then it neceflarily defcribes a right line equal 
to that of the wheel, it can only do it partly by Aiding 
and partly by revolving, the Aiding part being more or 
lefs as the nave itfelf is fmaller or larger.—Hutton's 
Diftionary. 

ROWNING (John), an ingenious EngliAi mathe- 
matician and philofopher, was fellow of Magdalen Col- 
lege, Cambridge, and afterwards Reftor of Anderby 
in Lincolnffiire, in the gift of that Society. He was a 
conftant attendant at the meetings of the Spalding So- 
ciety, and was a man of a great philofophical habit 
and turn of mind, though of a cheerful and companion- 
able difpofition. He had a good genius for mechani- 
cal contrivances in particular. In 1738 he printed at 
Cambridge, A Compendious Syllem of Natural Philo- 
fophy, in 2 vols 8vo ; a very ingenious work, which 
has gone through feveral editions. He had alfo two 
pieces inferted in the Philofophical Tranfa&ions, viz. 
j. A Defcription of a Barometer, wherein the Scale 
of Variation may be increafed at pleafure ; vol. xxxviii. 
p. 39. And, 2. Dire&ions for making a Machine for 
finding the Roots of Equations univerfally, with the 
Manner of uling it; vol. lx. p. 240.—Mr Rowning 

died at his lodgings in Carey-ftreet, near Lincoln’s-Inn R T* 
Fields, the latter end of November 1771, at 72 years 
of age. 

Though a very ingenious and pleafant man, he had 
but an unpromifing and forbidding appearance : he was 
tall, (looping in the (boulders, and of a fallow' down- 
looking countenance. 

ROY-Roy an, in Bengal, the chief officer in the re- 
venue department, next to the Dewran under the native 
government. 

RUTHERFORD (John, M. D.), one of the il- 
luftrious founders of the medical fchool in the univerfi- 
ty of Edinburgh, was the fon of the Rev. Mr Ruther- 
ford minifter of Yarrow, in the county of Selkirk, 
North Britain. He was born on the 1 ft Augull 1695, 
and received the rudiments of his education at the pa- 
rifti fchool of Selkirk , where, from his future profi- 
ciency, there is every reafon to believe that he made a 
rapid progrefs in the knowledge of the Latin and 
Greek, languages. 

After the death of his father, he went to Edinburgh 
in 1708 or 1710, where, in the univerfity, he applied 
himfelf to the ftudy of claffical literature, mathematics, 
and natural philoiophy. The celebrated Dr Pitcairn 
was then fo highly relpe£led for his medical flcill, that 
it is not improbable but that a laudable defire of ob- 
taining a portion of fimilar fame may have turned the 
attention of young Rutherford to the ftudy of medi- 
cine. Be that as it may, he engaged himfelf appren- 
tice to Mr Alexander Nefbit, at that time an eminent 
furgeon in Edinburgh, with whom he remained till 
1716, when he went'to London. There he attended 
fome hofpitals, and the ledures read on anatomy by Dr 
Douglas, on furgery by Andre, and on materia medica 
by Strother. 

After a year’s refidence in London, he returned to 
Edinburgh ; and having fettled his affairs in that city, 
he went to Leyden, which, from the ledures of Boer- 
haave, was then the moil celebrated medical fchool in 
Europe. In 1719 he went into France, and was at 
the end of July in that year admitted to the degree of 
M. D. in the univerfity of Rheims. He paffed the fol- 
lowing winter in Paris, chiefly for the fake of Window’s 
private demonftrations in anatomy ; and in 1720 he re- 
turned to Britain. 

In 1721 he fettled as a phyfician in Edinburgh; and 
foon afterwards Drs Rutherford, Sinclair, Plummer, 
and Innes, purchafed a laboratory, where they prepa- 
red compound medicines. This was an art then but 
little known in Scotland; and as a commercial (pecula- 
tion, the laboratory mud therefore have proved very ad- 
vantageous to the partners. But they had higher ob- 
jedls in view than commerce. They demonftrated, as 
far as they were then known, the operations of chemil- 
try to a numerous audience ; and foon afterwards, by 
the advice of their old mafter Boerhaave, they extend- 
ed their lefturcs to the other branches of phyfic. In 
1725 they were appointed joint profeffors in the univer- 
fity ; where, we believe, each, for fome time, read lec- 
tures in every department of medical fcience, anatomy 
excepted, and carried forward their claffes in rotation. 
The anatomical le&ures were read by the elder Monro, 
who had been fettled a year or two before them in E- 
dinburgh, and whofe eminence in that department i* 
known to all Europe. 
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On the death of Dr Innes, a particular branch of 

medical fcience was allotted to each of the other three 
profefTors. Dr Plummer was appointed profeflbr of 
chemiflry and materia medica, Dr Sinclair of the infti- 
tutes of phyfic, and Dr Rutherford of the pra&ice ; and 
thus was a regular medical fchool eftablifhed in Edin- 
burgh by Monro, Plummer, Sinclair, and Rutherford. 
The lectures on the inflitutea and pra&ice of phyfic 
were then, and for many years afterwards, delivered in 
Latin ; and fuch was Dr Rutherford’s command of 
that language, that on every thing connefted with me- 
dicine, he talked in it more fluently than in the lan- 
guage of bis country. 

Whether it was any improvement in the mode of me- 
dical education in Edinburgh to change the language 
of the lettures from Latin to Englifh, is perhaps more 
than queftionable. We have now difperfed over the 
country a number of illiterate men, pra&ifing as fur- 
geons, and even as phyficians, who never could have 
boafted of having gone through a regular courfe of me- 
dical inftru&ion, had the leftures continued to be deli- 
vered in the language in which they were begun. Fo- 
reigners, too, would not have been under the neceffity 
of learning a new language, before they could enter on 
the ftudies, for the cultivation of which they came to 
Scotland ; and though the medical clafles might not 
have been fo crowded perhaps as at prefent, the indivi- 
duals compofing them would have been at lead as re- 
fpe&able. Whether Dr Rutherford reafoned in this 
way we know- not ; but he continued to lefture in La- 
tin as long as he filled the praftical chair. 

About the year 1748 he introduced a very great im- 
provement in the courfe of medical education. Sen- 
sible that abftraft le&ures on the fymptoms and the 
mode of treating various difeafes, of which the ftudents 

1 RUT 
know little but the names, could fcarcely-be'of any Be- 
nefit, he had for fome time encouraged his pupils to 
bring patients to him on Saturday, when he inquired 
into the nature of their difeafes, and prefcribed for 
them in the prefence of the clafs. This gave rife to 
the courfe of clinical ledures ; the utility of which was 
fo obvious, that it was ena&ed, by a decree of the fe- 
nate of the unwerfity, that no man fliould be admitted* 
to an examination for his dodlor’s degree, who had not 
attended thofe ledures ; to which an excellent hofpi- 
tal, then lately ere&ed (fee Edimburgh, in the Ency. 
clopxdia)) gave the profefibrs every opportunity of do- 
ing ample juftice. To men who mean to live by the 
practice of phyfic, and have no inordinate ambition 
to raife their fame by fanciful theories, this is per- 
haps the molt valuable courfe of lectures that is given 
in Edinburgh ; and if fo, Dr Rutherford mull be con- 
fidered as one of the greatelt benefaftors of the medical 
ichool. 

I o untried theories in phyfic he was indeed no friend; 
and we have heard a favourite and very able pupil of his, 
who knew him well, and refpefted him highly, affirm 
that, to his knowledge, Dr Rutherford retained his pro- 
feflorflup longer than he otherwife would have chofeu 
to do ; merely that he might keep out a fpeculatift, 
whom he knew to be afpiring to the pra&ical chair. 
Finding at laft in the late Dr John Gregory (fee Gre- 
gory, Ency cl.) a fuccefibr entirely to his mind, he re- 
figned to him in 1765, after having taught medicine in 
its different departments for upwards of forty years. 
He lived, after this period, loved by his friends, and 
revered by many eminent phyficians, who had been his 
pupils, till 1779, when he died in Edinburgh, where 
he had fpent the greater part of his life, in the 84th 
year of his age. 

ford. 

c 

Saecharo- Otfie name given, by Mr Ri- 
meter. chardfon of Hull, to an inllrument invented by him 

Y— for afcertainfng the value of worts, and the ftrength of 
different kinds of malt liquors. In plain Engliih, the 
name fignifies a meafurer of fiveetnefs ; and therefore, if 
etymology were to be attended to, the inftrument 
fliould be employed merely as a meafurer of the fweet- 
nefs of worts. It is in fa& bell adapted for this pur- 
pofe, being merely an hydrometer contrived to afcertain 
the fpecific gravity of worts, or rather to compare the 
weight pf worts with that of equal quantities of the 
water employed in the brewery where the inltrument is 
ufed. 

The principle which fuggefted the invention of the 
inllrument to Mr Richardfon is as follows : The men- 
itruum or water, employed by the brewer, becomes 
heavier or more denfe by the addition of fuch parts of 
the materials as have been diffolved or extracted by, 

and thence incorporated with it: the operation of boil- Sacchart* 
ing, and its fubfequent cooling, Hill adds to the denfity ™eter. 
of it by evaporation; fo that when it is fubmitted to the '  
action of termentation, it is more denfe than at any other 
period. 

In palling through this operation of nature, a re- 
markable alteration takes place. The fluid no fooner 
begins to ferment than its denfity begins to diminilh ; 
and as the fermentation is more or lefs perfeft, the fer- 
mentable matter, whofe accelfion has been traced by 
the increafe of denfity, becomes more or lefs attenuated; 
and in lieu of every particle thus attenuated, a fpiritu- 
ous particle, of lefs denfity than water, is produced: fo 
that when the liquor is again in a Hate of quietude, it 
in fo much fpecifically lighter than it was before, as the 
aftion of fermentation has been capable of attenuating 
the component parts of its acquired denfity ; and, in- 
deed, were it prafticable to attenuate the whole, the 

liquor 
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Saft'rta, liquor would become lighter or lefs denfe than water ; 
Sahara. t,ecaufe the quantity of fpirit produced from, and occu- 
■" v " ' pying the place of the fermentable matter, would dimi- 

nilh the denfity of the water in a degree bearing fome 
proportion to that in which the latter had increaied it. 

From thefe fafts, the reader, who is acquainted with 
hydroitatical principles, will be able to conitrudt a fac- 
charometeV for himfelf. Brewers who are ttrangers to 
thefe principles, we muft refer to Mr Richardfon’s book 
for details, which our limits permit us not to give. 

SAGITTA, in aftronomy, the Arrow or Dart; a 
eonftellation of the northern hemifphere near the eagle, 
and one of the 48 old ailerifms. 

SAHARA, or, as it is fometimes written, Zaara, 
the Great Defert, is a vad ocean of fand in the interior 
parts of Africa, which, with the leflfer deferts of Bornou, 
Bilma, Barca, Sort, &c. is equal in extent to about one 
half of Europe. If the fand be confidered as the ocean, 
the Sahara has its gulphs and bays, as alfo its iilands, or 
Oases, fertile in groves and paftures, and in many in- 
flances containing a great population, fubjedl to order 
and regular government. 

The great body, or weftern divition of this ocean, 
comprized between Fezzan and the Atlantic, is no lefs 
than 50 caravan journeys acrofs, from north to fouth ; 
or from 750 to 800 G. miles ; and double that extent 
in length: without doubt the largeft defert in the world. 
This divifion contains but a fcanty portion of Hands 
(or oafes), and thofe alfo of fmall extent : but the 
eaftern divifion has many, and fome of them very large. 
Fezzan, Gadamis, Taboo, Ghanat, Agadez, Augela, 
Berdoa, are amongft the principal ones:: befides which, 
tdiere are a vail number of fmall ones. In effedl, this 
is the part of Africa alluded to by Strabo, when he 
fays from Cneius Pifo, that Africa may be compared to 
a leopard’s Ikin. 

From the bed inquiries that Mr Park could make 
when a kind of captive among the Moors at Ludamar, 
the Weftern Defert, he fays, may be pronounced almoft 
deftitute of inhabitants ; except where the fcanty vege- 
tation, which appears in certain fpots, aftords pailurage 
for the flocks of a few miferable Arabs, who wander 
from one well to another. In other places, where the 
fupply of water and pailurage is more abundant, fmall 
parties of the Moors have taken up their refidence. 
Here they live, in independent poverty, fecure from 
the tyrannical government of Barbary. But the greater 
part of the dei’ert, being totally deftitute of water, is 
feldom vifited by any humafi being ; unlefs where the 
trading caravans trace out their toilfome and dangerous 
route acrofs it. In fome parts of this extenlive waile, 
the ground is covered with low Hunted fhrubs, which 
ferve as land-marks for the caravans, and furnifh the 
Camels with a fcanty forage. In other parts, the dif- 
Confolate wanderer, wherever he turns, fees nothing 
around him but a vaft interminable expanfe of fand and 
fky ; a gloomy and barren void, where the eye finds no 
particular objedl to reft upon, and the mind is-filled 
with painful apprehenlions of perilhing with third. Sur- 
rounded by this dreary folitude, the traveller fees the 
dead bodies of birds, that the violence of the wind has 
brought from happier regions ; and, as he ruminates on 
the fearful length of his remaining paflage, liftens with 
horror to the voice of the driving blaft; the only found 
that interrupts the awful repofe of the defert. 

The few wild animals which inhabit thefe melanfcholy Sahara, 
regions, are the antelope and the oftrich; their fwiftnefs StU‘ 
of foot enabling them to reach the diftant watering- 
places. On the fldrts of the defert, where the water is 
more plentiful, are found lions, panthers, elephants, and 
wild boars. 

Of domeftic animals, the only one that can endure 
the fatigue of eroding the defert is the camel. It is. 
therefore the oply beaft of burden employed by the 
trading caravans which traverfe, in different directions, 
from Barbary to Nigritia. The flefh of this ufeful and 
docile creature, though to our author’s tafte it was dry 
and unfavoury, is preferred by the Moors to all others. 
The milk of the female, he fays, is in univerfal efteem, 
and is indeed pleafant and nutritive. 

That the defert has a dip towards the eaft as well as 
the fouth, feems to be proved by the courfe of the Ni- 
ger. Moreover, the higheft points of North Africa, 
that is to fay, the mountains of Mandinga and Atlas, 
are fituated very far to the weft. The defert, for the 
moft part, abounds with fait. But we hear of fait mines 
only in the part contiguous to Nigritia, from whence 
fait is drawn for the ule of thofe countries, as well as of 
the Moorifti dates adjoining ; there being no fait in the 
Negro countries fouth of the Niger. There are fait 
lakes alfo in the eaftern part of the defert. 

SAI, a large town on the banks of the Niger, or at 
lead very near to that river, which Mr Park fays ftrong-- 
ly excited his curiofity. It is completely furrounded 
by two very deep trenches, at about two hundred yards 
diftant from the walls. On the top of the trenches are 
a number of fquare towers ; and the whole has the ap- 
pearance of a regular fortification. Inquiring into the 
origin of this extraordinary entrenchment, our author 
learned from two of the town’s people the following 
particulars ; which, if true, furnifli a mournful piClure 
cl the enormities of African wars: 

About fifteen years before our traveller vifited Sai,, 
when the King of Bambarra defolated Maniana, the 
Dooty of Sai had two fons flain in battle, fighting in 
the king’s caufe. He had a third fon living; and when 
the king demanded a further reinforcement of men, and 
this youth among the reft, the Dooty refufed to fend 
him. This conduCl fo enraged the king, that when he 
returned from Maniana, about the beginning of the 
rainy feafon, and found the Dooty protected by the in- 
habitants, he fat down before Sai with his army, and 
furrounded the town with the trenches which had at- 
tracted our author’s notice. After a liege of two 
months, the townspeople became involved in all the 
horrors of famine ; and whilft the king’s army vreth 
feafting in their trenches, they faw with pleafure the 
miferable inhabitants of Sai devour the leaves and bark 
of the Bentang tree that Hood in the middle of the 
town. Finding, however, that the befieged would 
fooner perifh than furrender, the king had recoilrfe to 
treachery. He promifed, that if they would open the 
gates, no perfon Ihould be put to death, nor futfer any 
injury, but the Dooty alone. The poor old man de- 
termined to facrifice himfelf, for the fake of his fellow- 
citizens, and immediately walked over to the king’s 
army, where he was put to death. His fon, in at- 
tempting to efcape, was caught and maffacred in the 
trenches; and the reft of the town’s people were carried 
away captives, and fold as flaves to the different Negi'o- 

traders. 
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Saint, traders. Sai Is placed by Major Rennel In 140 N. Lat. 

Salt-Mines and ^oy W> Long> 
v SAINT Oath ktrin e, aPortuguefe Ifland In the South 

Sea, not far diftant from the coaft of Brazil. It was 
vUited by La Peroufe, who afcertained it to lie between 
270 19' 107, and 27^ 49' N. Lat. and its moiTnortherly 
point to be in 490 49' longitude weft from Paris. Its 
breadth from eaft to weft is only two leagues ; and it 
is feparated from the main land by a channel only 200 
toifes broad. On the point which llretches furtbeft in- 
to this channel is fituated the city of Noftra Senora del 
Deftero, the capital of the government, and the place of 
refidence of the governor. It contains at moft 3000 
fouls, and about 400 houfes. Its appearance is exceed- 
ingly plealant. According to Frezier’s account, this 
iiland ferved, in 1712, as a retreat to vagabonds, who 
made their efcape from different parts of the Brazils ; 
who were only nominal fubjedts of Portugal, and who 
acknowledged no authority whatever. The country is 
fo fertile, that they were able to fubftft without any 
fuccour from the neighbouring colonies: and they were 
fo deftitute of money, that they could neither tempt 
the cupidity of the governor-general of the Brazils, nor 
infpire him with any defire of fubduing them. The 
flu’ps that touched at the ifland gave them in exchange 
for their proviflons nothing but clothes and fhirts, of 
which they were in the utmoft want. It was not till 
about 1740 that the court of Lifbon eftablilhed a regu- 
lar government in the ifland of St Catherine, and the 
parts of the continent adjacent. This government ex- 
tends fixty leagues north and fouth from the river San 
Francifco to Rio Grande ; its population being about 
20,000 fouls; but there are fo great a number of chil- 
dren in the different families, that probably it will foon 
be much more confiderable. The foil is exceedingly fer- 
tile, and produces all forts of fruit, vegetables, and corn, 
almoll fpontaneoufly. It is covered with trees of ever- 
lafting green ; but they are fo interwoven with briars 
and creeping plants, that it is impoflible .to get through 
the forcfts otherwife than by opening a path with a 
hatchet. Danger is befides to be apprehended from 
fnakes, whofe bite is mortal. The habitations, both on 
the ifland and continent, are all clofe to the fea fide. 
The woods that furround them are delightfully fragrant, 
owing to the great number of orange trees and other 
odoriferous trees and fhrubs that they contain. But, 
notwithftanding all thefe advantages, the country is ve- 

„ ry poor, and totally deftitute of manufactured commo- 
dities, fo that the peafants are almoit naked, or elfe co- 
vered with rags. Their foil, which is very fit for the 
cultivation of fugar, remains unproductive for the want 
of flaves, whom they are not rich enough to purchafe. 
The whale filhery is very fuccefsful ; but it is the pro- 
perty of the crown, and is farmed by a company at Lif- 
bon, which has three confiderable eftablilhments upon 
the coaft. Every year they kill about 400 whales ; 
the produce of which, as well oil as fpermaceti, is fent 
to Lifbon by the way of Rio Janeiro. The inhabitants 
are idle fpeCtators of this fifhery, from which they de- 
rive not the fmalleft advantage. La Peroufe gives a 
very amiable picture, however, of their hofpitality to 
ftrangers. 

SALT. See Ch EMiSTRY-Zw/esc, in this Suppl. 
Salt-Mines of Vielicza, near Cracow in Poland, are 

very extraordinary caverns; for a defcription of which 

S A T, 
we referred, in the article Salt (EncycL) to M. Bar.TS:dt-Min«, 
niard in the Journal de Phyjique for the year 1786. Saltpetre. 
Some of our readers have complained of this, and re- 
quelled an account of them in the Supplement. With 
this requeft we fliall comply, by giving them Mr Wrax- 
all’s defcription of thefe caverns*. * Memoin 

“ After being let down (fays he) by a rope to the'^' C.nurtt 

depth of 230 feet, our conduaors led us throngh galle- 
ries, which, for loftinefs and breadth, feemed rather to ivJrja™, 
refemble the avenues to feme fubterranean palace, than an^ Viemg. 
paffages cut in a mine. They were perfectly dry in 
every part, and terminated in two chapels compofed en- 
tirely of fait, hewn out of the folid mafs. The images 
which adorn the altars, as well as the pillars and orna- 
ments, were all of the fame tranfparent materials ; the 
points and fpars of which, reftediing the rays of light 
from the lamps which the guides held in their hands, 
produced an effeft equally novel and beautiful. De- 
feending lower into the earth by means of ladders, I 
found myfelf in an immenfe hall or cavern of fait, ma- 
ny hundred feet in height, length, and dimenfions, the 
floor and iides of which were cut with exadl regularity. 
A thoufand perfons might dine in it without inconve- 
nience, and the eye in vain attempted to trace or define 
its limits. Nothing could be more fublime than this 
vaft fubterranean apartment, illuminated by flambeaux, 
which faintly difeover its prodigious magnitude, and 
leave the imagination at liberty to enlarge it indefinite- 
ly. After remaining about two hours and a half under 
ground, 1 was drawn up again in three minutes with 
the greateft facility.” 

SALTPETRE (fee Nitre, CHEMisTR.Y-/«Z«r, in 
this Suppl.) is an article of fo much importance, and 
fometimes fo difficult to be had, that it is wonderful 
more attention is not bellowed in endeavouring to dif- 
eover fome eafy method to increafe the quantity. Such 
a method has been long praftifed by the farmers of Ap- 
penzell in Switzerland. In fo hilly a country, moft 
houfes and ftables are built on Hopes, one fide of the 
edifice refting on the hill, and the other being fupport- 
ed by two ftrong pofts, elevated two or three feet above 
the ground ; fo that the air has a free current under 
the building. Immediately under the liable a pit is 
dug, ufually occupying both in breadth and length the 
whole fpace of ground covered by the building ; and 
inftead of the clayey earth which is dug out, the pit is 
filled up with fandy foil. This is the whole procefs, 
and all the reft is done by Nature. The animal water, 
which is continually oozing through the planks of the 
floor, having drenched the earth contained in the pit 
for the fpace of two or three years, the latter is emp- 
tied, and the faltpetre is refined and prepared in the 
ufual manner. 

That manner, however, is not the bell ; and the 
French chemifts, during the inceffant wars occalioned 
by the revolution, have, for the fake of fupplying their 
armies wuth gunpowder, turned their attention to the 
bell method of refining faltpetre. The following are 
directions given for this purpofe by Chaptal, Champy, 
and Bonjour. 

The crude faltpetre is to be beaten fmall with mal- 
lets, in order that the water may more eaiily attack 
every part of the mafs. The faltpetre is then to be 
put into tubs, five or fix hundred pounds in each tub. 
Twenty per cent, of water is to be poured into each tub, 

and 
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Rod the mixture well flirred. It mufl: be left to mace- 
‘vate or digeft until the fpecific gravity of the fluid 
ceafes to augment. Six or feven hours are fufficient for 
this firll operation, and the water acquires the denfity 
of between 25 and 35 degrees. Sp. gr. 1.21, and 
1.306, afcertained by Baume’s hydrometer. See Hy- 
drometer, SvppL rr j r 

The firlt water mufl then be poured on, and a le- 
cond portion of water mufl be poured on the tame falt- 
petre, amounting to 10 per cent. ; after which the mix- 
ture mufl be flirred up, fuffered to macerate for one 
hour, and the fluid drawn or poured off. 

Tive per cent, of water mufl then be poured on toe 
faltpetre ; and after flirring the whole, the fluid muft 
be immediately drawn oft. 

When the water is drained from the faltpetre, the 
fait mufl be thrown into a boiler containing per cent. 
of boiling water. When the folutiou is made, it will 
mark between 66 and 68 degrees of the hydrometei. 
(3p. gr. 1.848, and 1.898.) _ 

The folution is to be poured into a proper veflel, 
where it depofits by cooling about two-thirds of the 
faltpetre originally taken. The precipitation begins in 
about half an hour, and terminates in between four and 
fix hours. But as it is of importance to obtain the 
faltpetre in fmall needles, becaufe in this form it is more 
eafily dried, it is neceftary to agitate the fluid during 
the whole time of the cryflallization. A flight motion 
is communicated to this liquid mafs by a kind 01 rake ; 
in confequence of which the cryflals are depolited in 
very {lender needles. 

In proportion as the cryftals fall down, they are fera- 
ped to the borders of the veflel, whence they are taken 
with a fkimmer, and thrown to drain in bafkets placed 
on treflels, in fuch a manner that the water which pafles 
through may either fall into the cryflallizing veflel, or 
be received in bafons placed underneath. 

The faltpetre is afterwards put into wooden veflels 
in the form of a mill-hopper or inverted pyramid with 
a double bottom. The upper bottom is placed two 
inches above the lower on wooden ledges, and has ma- 
ny fmall perforations through which water may pafs to 
the lower bottom, which likewife affords a paffage by 
one Angle aperture. A refervoir is placed beneath. 
The cryflallized faltpetre is waftied in thefe veflels with 
5 per cent, of water; which wrater is afterwards em- 
ployed in the folution of faltpetre in fubfequent opera- 
tions. 

The faltpetre, after fufftcient draining, and being 
dried by expofure to the air upon tables for feveral 
hours, may then be employed in the manufacture of 
gunpowder. 

But when it is required to ufe the faltpetre in the 
fpeedy and immediate manufafture of gunpowder, it 
muft be dried much more ftrongly. This may be ef- 
fedled in a flove, or more Amply by heating it in a flat 
metallic veffel. For this purpofe the faltpetre is to 
be put into the veffel to the depth of Ave or Ax inches, 
and heated to 40 or 50 degrees of the thermometer 
(or about 1350 of Fahrenheit). The faltpetre is to be 
ftirred for two or three hours, and dried fo much that, 
when ftrongly preffed in the hand, it fhall acquire no 
conAftence, nor adhere together, but refemble a very 
fine dry fand. This degree of drynefs is not required 
when the powder is made by pounding.. 

] SAN 
From thefe circumftances, we find that two faline li- 

quids remain after the operations ; (1) the water from ,oan . 
the waffling; and (2) that from the eryftalliziug vef- 
fels. 

We have already remarked, that the wafhing of the 
faltpetre is performed in three fuccefiive operations, in 
which, upon the whole, the quantity of fluid made ufe 
of amounts to 35 per cent, of the weight of the crude 
faltpetre. Thefe waffiings are eftablifhed on the prin- 
ciple, that/cold water diffolves the muriats of foda, and 
the earthy nitrats and muriats, together with the co- 
louring principle, but fcarcely attacks the nitrat of 
potafh. 

The water of'thefe three waffiings therefore contains 
the muriat of foda, the earthy falls, the colouring prin- 
ciple, and a fmall quantity of nitrat of potafh ; the a- 
mount of which is in proportion to that of the muriat 
of foda, which determines its folution. 

The water of the cryllallizing veffels contains a por- 
tion of the muriats of foda, and of the earthy falls which 
effaped the operation of wafhing, and a quantity of ni- 
trat of potafh, which is more confiderable than that of 
the former folution. 

The waters made ufe of at the end of the operation, 
to whiten and wafh the cryftals depofited in the pyra- 
midal veflel, contain nothing but a fmall quantity of ni- 
trat of potafh. 

Thefe waters are therefore very different in their 
nature. The water of the wafhings is really a mother 
water. It muft be collected in veffels, and treated with 
potafh by the known proceffes. It muft be evaporated 
to 66 degrees (or 1.848 fp. gr.), taking out the mu- 
riat of foda as it falls. This folution is to be faturated 
with 2 or 3 per cent, of potafh, then fuffered to fettle, 
decanted, and poured into cryflallizing veffels, where 20 
per cent, of water is to be added to keep the whole of 
the muriat of foda fufpended. 

The waters which are thus obtained by treatment 
of the mother water may be mixed with the water of 
the firft cryilallization. From thefe the marine fait may 
be feparated by Ample evaporation ; and the nitrat of 
potafh, which they hold in folution, may be afterwards 
obtained by cooling. 

The fmall quantity of wrater made ufe of to wafh and 
whiten the refined faltpetre, contains nothing but the 
nitrat of potafti : it may therefore be ufed in the folu- 
tion of the falpetre when taken from the tubs. 

From this defeription it follow’s, that a manufa&ory 
for the fpeedy refining of faltpetre ought to be pro- 
vided with (1) mallets or rammers for pounding tire 
faltpette ; (2) tubs for waffling ; (3) a boiler for folu- 
tion ; (4) a cryftallizing veffel of copper or lead, in 
which the faltpetre is to be obtained by cooling ; (5) 
bafkets to drain the cryftals ; (6) a wooden cafe or hop- 
per for the lafl wafhing and draining the faltpetre ; (7). 
feales and weights.for weighing ; (8) hydrometers and 
thermometers, to afeertain denfities and temperatures; 
(9) rakes to agitate the liquor in the cryftallizing vef- 
fel ; (10) fkimmers to take out the cryftals, and to con- 
vey them to the bafkets ; (11) fyphons or hand-pumps 
to empty the boilers. 

The number and dimenfions of thefe feveral articles 
muft vary according to the quantity of faltpetre in- 
tended to be refined. 

G um - SANDARAC, is faid, in. the Er.cychpeedia, 
to 
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'Sanctarac, to be produced from a fpecies of Juniper. This wag 
Sander?, long the common opinion ; but M. Schoufboe has late- 

ly proved (a) it to be a miilake. The juniperus com- 
munis, from which many have derived this gum, does 
not grow in Africa ; and Sandarac feems to belong ex- 
cluiively to that part of the world. The gum fandarac 
of our (hops is brought from the fouthern provinces of 
the kingdom of Morocco. About fix or feven hun- 
dred quintals of it are exported every year from Santa 
Cruz, Mogador, and Saffy. In the language of the 
country it is called clgrajfa. The tree which produces 
it is a Thuia, found alfo by M. Vahl in the kingdom of 
Tunis. It was made known feveral years ago by Dr 
Shaw, who named it CyprejfusfruSu quadrivalvi, Equi- 
feti injlar articulatis ; but neither of thefe learned men 
was acquainted with the economical ufe of this tree; 
probably becaufe, being not common in the northern 
part of Barbary, the inhabitants find little advantage in 
colledling the refin which exudes from it. 

M. Schoufboe, who faw the fpecies of thuia in quef- 
tion, fays that it does not rife to more than the height 
uf twenty or thirty feet at moil, and that the diameter 
of its trunk does not exceed ten or twelve inches. It 
diilinguifiies itfelf, on the firll view, from the two other 
fpecies of the fame genus, cultivated in gardens, by ha- 
ving a very diftinft trunk, and the figure of a real tree; 
whereas in the latter the branches rife from the root, 
which gives them the appearance rather of bulhes. Its 
branches alfo are more articulated and brittle. Its 
flowers, which are not very apparent, fhew themfelves 
in April; and the fruit, which are of a fpherical form, 
ripen in September. When a branch of this tree is 
held to the light, it appears to be interfperfed with a 
multitude of tranfparent veficles which contain the re- 
fin. When thefe veficles burft in the fummer months, 
a refinous juice exudes from the trunk and branches, 
as is the cafe in other coniferous trees. This refin is 
the fandarac, which is collefted by the inhabitants of 
the country, and carried to the ports, from which it is 
tranfported to Europe. It is employed in making feme 
kinds of fealing-wax, and in different forts of varniffi. 
In 1793 a hundred weight of it coil in Morocco from 
13 to 13I piailres, which make from about L.3, 5s. to 
L. 3, 7s. 6d. fterling. The duty on exportation was 
about 7s. 6d. ilerling per quintal. 

Sandarac, to be good, mull be of a bright-yellow 
colour, pure and tranfparent. It is an article very dif- 
ficult to be adulterated. Care, however, muff; be ta- 
ken, that the Moors do not mix with it too much fand. 
It is probable that a tree of the fame kind produces the 
gum fandarac of Senegal, which is exported in pretty 

(Coniiderable quantities. 
SANDERS-red (fee Pterocarpus, EncycL) is 

ufed as a dye-fluff, but generally in a manner which is 
very difadvantageous. In Crell’s Chemioal Annals are 
given, by Mr Vogler, the following dire&ions for dye- 
ing with this wood. 

1. Into a folution of tin made with aquafortis (ni- 
tric acid), and mixed with three times as much fait 
water, put clean wafhed wool, filk, linen, and cotton. 
Alter fix hours, take them out, and wafh them care- 
.fully in three different quantities of clean cold water, 

wringing them well each time. Let them dry, and Sander*, 
then put half the quantity of each article into the fpi-1 v—- 
rituous tindture of red fanders, hereafter deferibed in 
no 6. letting them foak therein, without heat, from half 
an hour to an hour. To afeertain the fuperiority of 
his different proceffes, the other half of each article mull 
be boiled in the tindlure of fanders mixed with water, 
deferibed in n° 7. a bare quarter of an hour. After be- 
ing taken out, wrung, and dried in the fhade, all of them 
will be dyed throughout of a fine rich poppy-colour. 

2. Take three drams of powdered alum, and diftblve 
it in twelve ounces of clean hot water. Into this folu- 
tion, while yet warm, put fome well-wafhed wool, filk, 
linen, and cotton. After fuffering them to remain 
therein for the fpace of twelve hours, take them out, 
wafh them well in thfee quantities of clean cold water 
(wringing them each time), and dry them. Then fteep 
the half of each article in the cold fpirituous tindbure 
of fanders (iw 6.), from half an hour to an hour ; and 
boil the other half of each in the diluted tin&ure of fan- 
ders (n; 7.) for the fpace of fix or feven minutes. Af- 
ter being taken out, wrung, and dried in the fhade, they 
will be found to have acquired a very beautiful and rich 
fcarlet colour. 

3. Diffolve three drams of blue vitriol, or vitriol of 
copper, in twelve ounces of hot w^ater. Steep in this 
folution, for twelve hours, wool, filk, linen, or cotton ; 
and having fufficiently wafhed the Huff in clean cold 
water, immerfe the one half of it in the fpirituous tinc- 
ture of fanders (n0 6.), from half an hour to an hour ; 
and boil the other half of each for fix or feven minutes 
in the diluted tindlure, n» 7. Being then taken out, 
wrung, and dried in the fhade, as before, they will have 
acquired a beautiful, rich, bright, crimfon colour. 

4. Steep wool, filk, linen, and cotton, which has 
been wrell wafhed, during twelve hours, in a folution of 
three drams of white vitriol, or vitriol of zinc, in twelve 
ounces of hot water. After being taken out, well wafh- 
ed in clean cold water, and dried, immerfe one half of 
each in the cold fpirituous tindlure of fanders (n° 6.) 
and boil the other half in the diluted tindlure (n° 7.) 
as before. When taken out, wrung, and dried, they 
will be of a fine, rich, deep crimfon colour. 

5. Diffolve three drams of common green vitriol, or 
vitriol of iron, in twelve ounces of hot water: fteep 
well-wafhed wool, filk, linen, and cotton, in the folu- 
tion, for the fpace of twelve hours. When taken out, 
wafhed feveral times in clean cold water, and dried, treat 
them, as in n°4. and they will be generally found to be 
of a fine, rich, deep violet colour ; though, on repeat- 
ing his experiments, our author fometimes found the co- 
lour a dark brownifh red. 

The tindlure in which the fluffs are to be died mufl 
be prepared in the following manner. 

6. Take half an ounce of red fanders wood, beat or 
ground to powder, as it is fold at the colour (hops or 
druggifls. Having put it into a large glafs bottle, pour 
upon it twelve ounces of malt fpirit or common brandy ; 
then cork the bottle, and fet it in a moderately-warm 
place. In the fpace of 48 hours, the fpirit will have 
extradled all the colouring matter from the red fanders, 
and thereby acquired a bright red colour. The bottle 
   fhould 

(a) In a Danifh Journal, intitled, The Phyfical, Medical, and Economical Library, Part III. 1799. 
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Sanders, fliould bs often (haken during the digeftion ; and the 
Sands, tinfture. thus prepared, may be uied for dyeing with- 
 v 'out heat, and without feparating the powdered landers 

from the liquor. The articles to be dyed (after the 
application of the proper mordants, n3 1, 2, 3, 4, 5) 
are to be fteeped in the tin&ure for half an hour, or a 
whole hour : they are then to be taken out wrung, 
and dried in the lhade. This tincture does not lofe its 
dyeing quality by age ; but dyes lubitances, alter being 
kept a long time, almolt as well as when it is juft made. 
Its colouring power is indeed weakened by the fre- 
quent immerfion and dyeing of different articles in it; 
and when that is the cafe, it muft be again digelled 
with fume frefti fanders-wood. 

7. Mix the fpirituous tindfure of fanders, juft defcri- 
bed, with from fix to ten times as much clean cold wa- 
ter. The mixture was made by our author without 
any feparation of the colouring particles worth noti- 
cing ; and in this diluted tincture, the various articles 
(having their proper mordants firft applied, n° I, 2, 3, 
4, y) were boiled, as before mentioned. Linen and 
cotton, by being dipped in glue-water, after the ap- 
plication of the mordants, acquire, in this diluted tinc- 
ture, a much deeper and richer colour. 

If a very fine and bright colour be defired, the above 
fpirituous tindfure of fanders fhould not be too old, nor 
fhould the digeftion be protradfed beyond 48 hours ; 
for after that period, the fpirit appears to extract 
brown and yellow colouring particles from the wood. 
The powder of fanders need not be feparated from the 
diluted tindture which is made ufe of by boiling ; nor 
is it abfolutely neceflary to wafh the articles in cold 
water after they are dyed ; as the powder which ad- 
heres to them may eafily be taken off by rubbing and 
fhaking. M. Vogler, however, found it advantageous, 
after the articles were taken out of the dye, and wrung, 
to fteep them for a few minutes in a cold folntion of 
half an ounce of common fait, and a quarter of an ounce 
of alumn, in 12 ounces of pure water. In this cafe, 
they fhould afterwards be wafhed feveral times in clean 
cold water, then wrung and dried in the fhade. By this 
method the colours are not only more beautiful, but are 
alfo more permanent. All the articles of wool, filk, 
linen, and cotton, which were dyed as is above men* 
tioned, bore perfectly well the teft of alkaline ley,foap, 
and acids ; but, by expofure to the open air and the 
fun, the colours were more eafdy difcharged, efpecially 
from linen and cotton. 

N. B. Red fanders, by being ground to a fine pow- 
der, anfwers much better for dyeing by this procefs, 
than when it is merely cut into fmall pieces ; but it 
muft be remarked, that the powder of red fanders which 
is fold at the (hops is fometimes adulterated, by being 
mixed with other fubftances, and moiftened with acids. 
The beft kind is not light, but rather heavy ; and is 
not of a dark red colour, but clear and bright. 

Goodwin SANDS, famous fand banks oft the coaft 
of Kent, lying between the north and fouth Foreland; 
and as they run parallel with the coaft for three leagues 
together, at about two leagues and a half diftant from 
it, they add to the fecurity of that capacious road the 
Downs; for while the land fhelters fhips with the wind 
from fouth-weft to north weft only, thefe fands break 
all the force of the fea when the wind is at eaft fouth- 
eaft. The moft dangerous wind, when blowing hard 
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on the Downs, is the fouth-fouth weft. Thefe fands ^3nfan -!ng 
occupy the fpace that was formerly a large traCft of low ^ 
ground belonging to Godwyn Earl of Kent, father of ^ ^ 
King Harold ; and which being afterward given to the 
monaltery of St Auguftin at Canterbury, the abbot 
neglecting to keep in repair the wall that .defended it 
from the iea, the whole tradt was drowned, according 
to Salmon, in the year 1100, leaving thefe fauds, upon 
which fo many (hips have iince been wrecked. 

SANSANDING, a town in Africa, fituated near 
the banks of the Niger, in Lat. 14' 24' N. and 2~ 23' 
W. Long. It is inhabited by Moors and Negroes to 
the number of from eight to i*n thoufand. 1 he Ne- 
groes are kind, hofpitdble, and credulous ; the Moors 
are at Sanfanding, as everywhere elfe in the interior 
parts of Africa, fanatical, bigotted, and cruel. 

SAP, or Sapp, in building, as to fap a wall, &c. is 
to dig out the ground from beneath it, fo as to bring 
it down all at once for want of fupport. 

S A PHAN, in zoology. See Mus, Encycl. p.467. 
SAPH1ES, a kind of charms, conlifting of lome 

ferap of writing, which the credulous Negroes believe 
capable of protecting them from all evil. The w riters 
of’faphies are generally Moors, who fell feraps of the 
Koran for this purpofe to a people who believe not 
either in the Koran or the prophet. Accordingly, any 
piece of writing may be fold as a faphie; and Mr Park 
found the Negroes difpofed to place greater confidence 
in the faphies of a Chriftian than in thofe of a Moor. 
The manner in which thefe charms are fuppofed to 
operate, will be learned from the followdng ftory : 

Mr Park being at Koolikorro, a confiderable town 
near the Niger, and a great market of fait, his landlord, 
hearing that he was a Chriftian, immediately thought 
of procuring a faphie. For this purpofe he brought 
out his zualba, or writing board, alluring me (fays our 
author) that he would di'ds me a fupper of rice if I 
would write him a faphie to protect him from wicked 
men. The propolal was of too great confequence to 
me to be refilled ; I therefore wrote the board lull, 
from top to bottom, on both fides ; and my landlord, 
to be certain of having the whole force of the charm, 
waftied the writing from the board into a calabalh with 
a little water ; and having laid a few prayers over it, 
drank this powerful draught ; after w hich, left a lingle 
word fhould elcape, he licked the board until it was 
quite dry. A faphie writer was a man of too great 
confequence to be long concealed : the important in- 
formation wras carried to the Dooty, who fent his Ion 
w ith half a ftieet of writing-paper, defil ing me to write 
him a naphula faphie (a charm to procure w'eaith). He 
brought me, as a prefent, fome meal and milk ; and 
when I had finilhed the faphie, and read it to him with 
an audible voice, he feemed highly fatisfied with his 
bargain, and promifed to bring me in the morning 
fome milk for my breakfait. Our author contrived to 
turn this abfurd fuperftition to his own advantage, by 
writing faphies for his fubliftence when his money was 
exhaufted. 

SARACOLETS, a negro nation occupying the 
lands fituated between the rivers of Senegal and Gambia. 
They are a laborious people, cultivate their lands witn 
care, are plentifully fuppliedwith all the neceffaries of 
life, and inhabit handfome and well-built villages ; their 
houfes, of a circular form, are for the moft part terra- 

3 ced; 
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Saracolets ced ; the others are covered with reeds as at Senegal ; 

II they are inglofed with a nuid wall a foot thick, and 
1 e' the villages are furrounded with one of Hone and earth 

~ of double that folidity. There are feveral gates, which 
are guarded at night for fear of a furprife. This na- 
tion is remarkably brave, and it is very uncommon to 
find a Saracolet fiave. They always defend themfelves 
with advantage againft their aflailants. Such Saracolets 
as are expofed to iale may be fafely pur chafed, for (ex- 
cepting when they are at Vvar with the Poules) none 
are to be met with but fuch as have been condemned 
by the laws for feme mifdemeanour; in iuch cafe, thefe 
wretches could not efcape flavery even by taking re- 
fuge in their own country ; for they would be reitored 
to their mailers, or would be put to death, if the con- 
voy Ihould have failed. The religious principles of this 
people are nearly allied to Mahometanifrn, and Hill 
more to natural religion. They acknowledge one God ; 
and believe that thofe who Heal, or are guilty of any 
crime, are eternally punilhed. They admit a plurality 
of wives, and believe their fouls to be immortal like 
their own. They think lightly of adultery; for as they 
allow themftlvts feveral wives, they are not fo unjull as 
to punifh women who diHribute their favours among 
ieveral gallants ; a mutual exchange is then permitted, 
one woman may be bartered for another, unlels fhe be 
free, or a native of the country. In this lafl cafe, the 
French cuftom prevails ; it is winked at, although the 
laws are particularly fevere againil the violation of the 
moH. (acred of all property. '1 his nation lies near that 
of the Poules. (See that article, Suppl.) Its extent 
no the'country is unknown ; all that we know is, that 
it is governed by four powerful princes, all bearing the 
name of Fouquet. '1 he leafl confrderable, according 

• to the testimony of the Saracolets, is that of i uago, 
who can affemble thirty thoufand horfe, and whole fub- 
jtrts occupy a territory two hundred leagues in extent, 
as well on tire Senegal as on the track that reaches be- 
yond the Felon ; a rock which, according to the fame 
report, forms cataracts, from whence proceed the Se- 
negal and the river Gambia, equally coniiderable. 

SARDS, in chronology, a period of 223 lunar 
months. The etymology of the word is faid to be 
Chaldean, fignifying retlitution, or return of eclipfes; 
that is, conjunctions of the fun and moon in nearly the 
lame place of the ecliptic. The Saros was a cycle like 
to that of Meto. 

SARRASIN or Sarrazin. in fortification, a kind 
of portcullis, other wife called a herfe, which io hung 
with ropes over the gate of a town or foitrefs, to be let 
fall in cafe of a furprife. 

SAV1LLE (Sir Henry), a very learned Englifh- 
man, the fecond Ion of Henry Saville, Efq; was born 
at Bradley, near Plalifax, in Yorkfhire, November the 
^cth, 1549. He was entered of Merton college, Ox- 
ford, in 1561, where he took the degrees In arts, and 
was chofen fellow. When he proceeded mailer of aits 
in 1 5; 70, he read for that1 degree on the Almagefl of 
Ptolemy, which procured him the reputation ot a man 
eminently (killed in mathematics and the Greek lan- 
guage ; in the former of which he voluntarily read a 
public ledture in the univerfity for fome time. 

In 1578 he travelled into France and other countries ; 
where, diligently improving himfeif in all ufeful learn- 
ing, in languages, and the knowledge of the world, he 

became a mofl accomplifned gentleman. At his* return, Savilie> 
he was made tutor in the Greek tongue to Queen Eli- ——v—J 
zabeth, who had a great eHeem and liking for him. 

In 1585 he was made warden of Merton College, 
which he governed fix and-thirty years with great ho- 
nour, and improved it by all the means in his power.— 
In 1 $96 he was chofen provoft of Eton College; which 
he filled with many learned men.—James 1. upon his 
accefilon to the crown of England, expreffed a great 
regard for him, and would have preferred him either 
in church or Hate ; but Saville declined it, and only 
accepted the ceremony of knighthood from the king at 
Windfor in 1604. ^'8 on!y f°n Henry dying about 
that time, he thenceforth devoted his fortune to the pro- 
moting of learning. Among other things, in 1619, he 
founded, in the Univerfity of Oxford, two ledtures, or 
profeflbtfhips, one in geometry, the other in aflronomy; 
which he endowed with a falary of 160 1. a-year each, 
befides a legacy of 6col. to purchafe more lands for the 
fame ufe. He alfo furnifhed a library with mathemati- 
cal books, near the mathematical fchool, for the ufe of 
his profeflbrs; and gave iccl. to the mathematical chell 
of his own appointing : adding afterwards a legacy of 
40I. a-year to the fame cheH, to the univerlity, and to 
his profeffors jointly. He likewife gave izcl. towards 
the new building of the fchools, befides feveral rare ma- 
nuferipts and printed books to the Bodleian library; and 
a good quantity of Greek types to the printing prefs 
at Oxford. 

After a life thus fpent in the encouragement and 
promotion of fcience and literature in general, he died 
at Eton College the 19th of February 1622, in the 73d 
year of his age, and was buried in the chapel there. On 
this occafion, the univerfity of Oxford paid him the 
greatell honours, by having a public fpeech and verfes 
made in his praife, which were publifhed loon after in 
4to, under the title of Ultima Linea Savilii. 

As to the charadler of Saville, the highefl encomi- 
ums are bellowed on him by all the learned of his time: 
by Cafaubon, Mercerus, Meibomius, Jofeph Scallger, 
and efpecially the learned Bifhop Montague ; who, in 
his Diutriba upon Selden’s Hittory of Tythes, Ryles 
him, “ that magazine of learning, whofe memory (hall 
be honourable amongit, not only the learned, but the 
righteous for ever.” 

Several noble infiances of his munificence to the re- 
public of letters have already been mentioned; in the 
account of his publications many more, and even great- 
er, will appear. Thefe are, 

1. Four Books of the Hifiories of Cornelius Tacitus, 
and the Life of Agricola; with Notes upon them, in 
folio, dedicated to Queen Elizabeth, 1581.—2. A 
View of certain Military Matters, or Commentaries 
concerning Roman Warfare, 1596.—3. Rerum Angli- 
carum Scnptores pojl Redamt See. 159^“ I his is a col- 
lection of the bell writers of our Englifh hiftory : to- 
which he added chronological tables at the end, from 
Julius Caefar to William the Conqueror.—4. The 
Works of St Chryfoflom, in Greek, in 8 vols folio, 
1613. This is a very fine edition, and compofed with 
great cofl and labour. In the preface he lays, “ that 
having himfeif vifited, about 12 years before, all the 
public and private libraries in Britain, and copied out 
thence whatever he thought ufeful to this defign, he 
then fent fome learned men into France, Germany, 

Italy, 
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Saville Italv* and the Eaft, to tranfcribe fuch parts as he had 
bauffure. „ot already, and to collate the others with the bell ma. 
— v nufcripts." At the fame time, he makes his acknow- 

ledgments to feveral eminent men for their afliltance ; 
as Thuanus, Valferus, Schottus, Cafaubon, Ducaeus, 
Gruter, Hoefchelius, &c. In the 8th volume are m- 
ferted Sir Henry Saville’s own notes, with thole ot 
other learned men. The whole charge of this edition, 
including the feveral fums paid to learned men, at home 
and abroad, employed in finding out, tranicnbing, an 
collating the bell manufcripts, is laid to have amounted 
to no lefs than L. 8000. Several editions of this work 
were afterwards pubb'lhed at Pans—5. In 1618 he 
publilhed a Latin, work, written by Thomas Bradwar- 
din, archbilhop of Canterbury, againll Pdagius, mtit- 
led, De Caufa Dei centra Pelagwm, et de vtrtutc cauja- 

to which he prefixed the life ot Bradwardin— , n.: n TVTn_ rum 
6. In 1621 he publ'ilhed a colleftion of his own Ma- 
thematical Leftures on Euclid’s Elements, in 410. 7. 
Oratio coram Elizabetha Regina Oxon'ne hahta, anno 159 2. 
Printed at Oxford in 1458, in 4to. 8. He tranlla- 
ted into Latin King James’s Apology for the Oath ot 
Allegiance. He alfo left feveral manufenpts behind 
him, written by order of King James ; all which aie in 
the Bodleian library. He wrote notes likewife upon 
the margin of many books in his library, paiticuiauy 
Eufebius’s Eccleliallical Hiltory ; which were alter- 
wards ufed by Valefius, in his edition of that work in 
1659—Four of his letters to Camden are publilhed by 
Smith, among Camden’s Letters, 1691, 4to. 

SAUSSURE (Horace Benedict de) was born at 
Geneva in 1740. His father, an intelligent farmer, to 
whom we are indebted for fome memoirs relating to 
rural economy, reiided at Conches, a place lituated on 
the banks of the Arve, at the dillance of half a league 
from Geneva ; and this country life, added to an adtive 
education, expanded no doubt in young De Saullure 
that phyfical ftrength fo necefiary to the naturalill who 
devotes' himfelf to travel. He repaired daily to town 
to enjoy the advantage of public inilruftion ; and as he 
lived at the bottom of Saleve, a mountain which he has 
lince rendered celebrated, he amufed himfelf fiequently 
with afeending its fteep and rugged iides. Being thus 
furrounded by the phenomena of nature, and at the 
fame time aided by iludy, he conceived a talle for na- 
tural hiftoryr, and avoided the error both of the learned, 
who form theories without having been out of their 
clofets, and of thofe farmers who, living too near to 
Nature, are incapable of admiring her beauties. 

His earlieft palfion was botany : a variegated foil, 
abundant in plants of difterent kinds, invites the inhabi- 
tant of the banks of the Leman to cultivate that agree- 
able fcience. This tafte produced an intimacy between 
De Sauffure and the great Haller. He paid hup a vi- 
iit in the year 1764, during his retreat to L»ex ; and 
he relates in his travels how much he admired that aito- 
nilhing man, who excelled in every part of the natural 
fciences. De SaufTure was induced alio to iludy the 
vegetable kingdom, by his connection wuth Ch. Bonnet, 
who had married his aunt, and who foon let a juit va- 
lue on the riling talents of his nephew. Bonnet (See 
his life in this Suppl.) wras then employed on the leaves 
of plants. De Sauffure iludied theft organs of vege- 
tables alfo, and he publilhed the relult of his refearches, 
under the title of Obfervations on the Baik of Leaves. 
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This fmall work, which appeared foon after the jear ^ 
1760, contains new obfervations on the epidermis of 
leaves, and in particular on the miliary glands by wdiich 
they are covered. 

About that period, the place of profefibr of philofo- 
phy falling vacant, it was conferred upon De Saullure, 
who was then only twenty-one years of age. Expe- 
rience proves, that if premature rewards extinguilh the 
zeal of thofe who labour merely for themfelves, they, 
on the contrary, ftrengthen it in thofe wrho labour only 
for truth. At that time the twro profellors of philofo- 
phy at Geneva taught phyfics and logic alternately. 
De SaulTure difeharged this double talk with equal fuc- 
cefs. He gave to his courfe of logic a practical, and, 
as one may fay, experimental turn ; and his method ot 
teaching, which began by Undying the fenfes to arrive 
at the general laws of the underllanding, announced al- 
ready an able obferver of nature. 

Phyfics, how’ever, were the part for which he had 
the greatell talle, and which conducted him to the 
ftudy of chemillry and mineralogy. He then began 
his travels through the mountains; not now to examine 
their vegetable productions, but to lludy the mountains 
themfelves, either in the Hones of which they are com- 
pofed, or the difpofition of their malfes. Geology, a 
fcience which was then fcarcely in exiltence, added 
charms to his numerous excurfions through the Alps ; 
and it was then that the talents of the great philofo- 
pher were really difplayed. During the firll fifteen or 
twenty years of his profefforflup, he employed himfelf 
by turns in difehargiug the duties of his office, and in 
traverfing the different mountains in the neighbourhood 
of Geneva. He even extended his excurfions on one 
lide as far as the banks of the Rhine, and on the other 
to Piedmont. At the fame time he undertook a jour- 
ney to Auvergne to examine there the extinguilhed 
volcanoes, and another to Paris, England, and Holland. 
After that he vifited Italy, and even Sicily. Thefe 
were not mere journeys for the purpofe of reaching any 
particular place ; he undertook them only with a view 
of fludying nature ; never travelled but furrounded by 
every inflrument that could be of ufe to him, and never 
fet out until he had drawn up a plan of the experiments 
and‘obfervations he intended to make. He often fays 
in his works that he had found this method exceeding- 
ly ufeful. 

In the year 1779 he publifhed the firfl volume of his 
Travels through the A Ips; which contains a minute 
defeription of the environs of Geneva, and an excurfion 
as far as Chamouni, a village at the bottom of Mont 
Blanc. Philofophers wull read there with pleature the 
defeription of his Magnetometer. The more he exa- 
mined mountains, the more was he fenfible of the im- 
portance of mineralogy. To ftudy it with advantage, 
he learned the German language j and it may be feeu, 
in the lafl volumes of his Travels, how much new mi- 
neralogical knowledge he had acquired. 

Amidfl his numerous excurfions through the Alps, 
and at the time of the political troubles of Geneva in 
1782, he found means to make his beautiful experi- 
ments on hygrometry, which he pubhfhed in 1783, un- 
der the title of E/fays on Hygrometry. This work, the 
befl that ever came from his pen, eflablifiied fully his 
reputation as a philofopher. We are indebted to him 
alfo for the invention of a new hygrometer. Deluc 
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had already invented his whalebone hygrometer ; and thirty years. 
on that account there arofe between him and De Sauf- 
fure a fort of conteft, which degenerated into a pretty 
violent difpute. 

In the year 1786 De Sauffure refigned the profef- 
for's chair, which he had filled for about twenty-five 
years, to his pupil and fellow-labourer Pidfet, who dif- 
charged with reputation the duties of an office render- 
ed more difficult by fucceeding' fo eminent a philofo- 
pher. 

When De Sauffure was invited by the Hate to take 
a (hare in the public education, he made it one of the 
iubjedls of his meditations, and prefented the plan of a 
reform in the education of Geneva : the tendency of 
which was, to make young people early acquainted with 
the natural fciences and mathematics. He even wiffied 
that their phyfical education ffiould not be negledfed, 
and with that view propofed gymnaftic exercifes. This 
plan, which excited much attention in a city where 
every one is convinced of the importance of education, 
found admirers and partifans ; but the poverty of its pe- 
cuniary refources was an obftacle to every important 
innovation. It was befides feared that, by altering efta- 
bliffied forms, they might lofe the fubftance, and that 
things might be changed for the worfe. The Gene- 
vefe were attached to their old fyitem of educaticyi ; 
and they had reafon to be fo, becaufe it had not only 
proved the means of diffufing knowledge generally a- 
mongft them, but had called forth the talents of feveral 
eminent mathematicians (a) and philofophers (b): 

But De Sauffure’s attention was not confined to pub- 
lic education alone. He fuperintended himfelf the edu- 
cation of his two fons and a daughter, who have fhewn 
themfelves worthy of fuch an inllruftor. His daugh- 
ter to the charms of her fex unites an extenfive know- 
ledge of the natural feiences ; and his eldell fon has al- 
ready made himfelf known by his phyfical and chemical 
labours. 

The fecond volume of his Travels was publilhed in 
1786. It contains a defcription of the Alps around 
Mont Blanc, which the author confiders as a mineralo- 
gift, a geologift, and a philofopher. He gives alfo 
fome interelling experiments on electricity, and a de- 
fcription of his electrometer, one of the moll perfect 
that we have. We are indebted to him alfo for feveral 
inftruments of meafurement, fuch as his cyanometer, def- 
tined to meafure the degree of the bluenefs of the hea- 
vens, which varies according to the elevation of the ob- 
ferver ; his diaphanometer (fee Photometer in this Sup- 
plement}) and his anemometer) which, by means of a kind 
of balance, meafures the force of the wind. 

Some years after the publication of the fecond vo- 
lume of his Travels, De Sauflure was admitted as a fo- 
reign aflbciate of the Academy of Sciences of Paris ; 
and Geneva could then boaft of having two of its citi- 
zens.in that clafs, which confided only of feven mem- 
bers. De Sauffure not only did honour to his country ; 
he loved and ferved it. He was the founder of the 
Society of Arts, to which Geneva is indebted for the 
high date of profperity it has attained within the lad 
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He prefided over that fociety till the lad Sauffure. 

moment of his life; and one of his funded wiffies was the ;""'v 
prefervation of this ufeful edablifhment. 

In confequence of M. de Sauffure’s fatiguing labours 
in the Council of Two Hundred, of which he was a 
member, and afterwards in the National Affembly, his 
health began to be deranged, and in 1794 he was al- 
mod deprived of the total ufe of his limbs bv a droke 
of the palfy. However painful his condition then might 
be, his mind dill preferved its activity ; and after that 
accident he revifed the two lad volumes of his Travels, 
which appeared in. 1796. They contain an account of 
his excuriions to the mountains of Piedmont and Swit- 
zerland, and in particular of his journey to the fummit 
of Mont Blanc. Thefe volumes, indead of exhibiting 
any marks of his malady, prefent an enormous mafs of 
new fabts and obfervations of the utmod importance to 
phyfics. 

He rendered alfo an important fervice to that fcience 
by publifhing the Agenda) which terminate his fourth 
volume, and in which that great man, furviving himfelf, 
conducts the young naturalid through the middle of 
mountains, and teaches him the method of obferving 
them with advantage. Thefe Agenda are a proof of 
his. genius, and of the drength of mind which he re- 
tained amidd his fufferings. It was alfo during his 
illnefs that he direfted the experiments made on the 
height of the bed of the Arve, and that he publiffied Ob- 
fervations on the Fufibility of Stones by the Blow-pipe, 
which were inferted in the Journal de Phvfique. 

Having gone for the fake of his health to the baths 
of Plombiers, he dill obferved the mountains at a dif- 
tance, and caufed to be brought to him fpecimens of 
the drata which he perceived in the deeped rocks. He 
had announced that he would conclude his travels with 
fome ideas on the primitive date of the earth ; but the 
more he acquired new fads, and the more he meditated 
on the fubjcd, the more uncertain did his opinions be- 
come in regard to thofe grand revolutions which pre- 
ceded the prefent epoch. In general he was a Neptu- 
nian ; that is to fay, afcribed all the revolutions of our 
globe to water. He admitted the poffibility of the 
mountains having been thrown up by eladic fluids dif- 
engaged from the cavities of the earth. 

Though the date of his health began gradually to 
become worfe, he dill entertained hopes of recovery ; 
and the French government having appointed him pro- 
feffor of philofophy at the Special School of Paris, he 
did not defpair of being one day able to fill that office ; 
but his drength was exhauded, a general languor fuc- 
ceeded the vigour he had always enjoyed, his flow and 
embarrafled pronunciation no longer correfponded with 
the vivacity of his mind, and formed a melancholy con- 
trad with the pleafantnefs by which he had been for- 
merly diffinguifhed. It was a painful fpeblacle to fee 
this great man reduced thus to imbecility at an age 
when meditation is beneficial, and when he might have 
enjoyed the fruits of his reputation and labours. 

In vain* did he try, for the re.-edablifliment of hiV 
health, all the remedies which medicine, enlightened by 
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the phyfical fciences, could afford—all afiiftance was 
ufelefs. The vital power quitted him with flow and 
painful fteps. Towards the beginning of autumn 1798 
his decay became more viflble, his mind loft al! its acti- 
vity, and on the 2id of March 1799 he terminated his 
brilliant career, at the-age of 59, lamented by a family 
to whom he was dear—by a country to which he had 
done honour—and by Europe, the knowledge of which 
he had extended. 

SCALE, in architecture and geography, a line di- 
vided into equal parts, placed at the bottom of a map 
or draught, to lerve as a common meaiure to all the 
parts of the building, or all the diftances and places of 
the map. 

Scales, in mathematics, fee Scales (Encych), and 
likewife Logarithmic Lines^ under which title are 
mentioned fome improvements by Mr Nicholfon on 
Gunter’s fcale. Thefe improvements are valuable ; and 
the reader will find a fuller account of them in the firft 
volume of the author’s Philofophical Journal. 

SCANTLING, a meafure, fize, or ilandard, by 
which the dimenhons, &c. of things are to be determi- 
ned. The term is particularly applied to the dimenfions 
of any piece of timber, with regard to its breadth and 
thicknefs. 

SCAPEMENT, in clock work, a general term for 
the manner of communicating the impulfe of the wheels 
to the pendulum. The ordinary fcapements conlift of 
the fwing-wheel and pallets only; but modern improve- 
ments have added other levers or detents, chiefly for 
the purpofes of diminifhing friftion, or for detaching 
the pendulum from the preflure of the wheels during 
part of the time of its vibration. See IVatch Making, 
in this Suppl. 

SCARFING, a term in carpentry; by which is meant 
the joining of two beams of wood together to increafe 
the length: the beams in the joint are indented into one 
another, as in figures 19, 24, and 25, Plate X. Supple- 
ment. 

SCARLET, a beautiful bright red colour given to 
cloth, either by a preparation of kermes (See that ar- 
ticle in Suppl.), or more completely by the American 
cochineal. Profeffor Beckmann, in the fecond volume 
of his Hiftory of Inventions, feems to have eitablifhed 
the following concluIrons : 

1/?, Scarlet, or the kermes dye, was known in the 
Eaft in the earlieft ages, before Mofes, and was a dif- 
covery of the Phoenicians in Paleftine, but certainly not 
of the fmall wandering Hebrew tribes, id, Tola was 
the ancient Phoenician name uied by the Hebrews, and 
even by the Syrians ; for it is employed by the Syrian 
tranflator, Ifaiah, chap. 1. ver. 18. Among the jews, 
after their captivity, the Aramaean word zebori was 
more common. 3d, This dye was known alfo to the 
Egyptians in the time of Mofes; for the Ifraelites muft 
have carried it along with them from Egypt. 4//1, The 
Arabs received the name kermes, with the dye, from 
Armenia and Perfia, where it was indiginous, and had 
been long known; and that name banifhed the old name 
in the Eaft, as the name fcarlet has in the Weft. For 
the firft part of this affertion we muft believe the Arabs. 
$th, Kermes were perhaps not known in Arabia; at* 
leaft they were not indiginous, as the Arabs appear to 
have had no name for them. 6th, Kermes fignifies aU 

ways red dpe ; and when pronounced fhort, it becomes 
deep red. 

Concerning the origin of the name fcarlet, which was 
in ufe fo early as the 11th century, our author has 
many conjedfures, which we need not tranferibe, as he 
feems not quite fatisfied with any of them himfelf. I he 
following refleddions upon the comparative excellence of 
the ancient and modern fcarlet, together with the pro- 
grefs of the art of dyeing that colour, are worthy of 
notice : 

“ Of the preparation and goodnefs of the ancient 
fcarlet we certainly know nothing ; but as we find in 
many old pieces of tapeftry of the nth century, and 
perhaps earlier, a red which has continued remarkably 
beautiful even to the predent time, it cannot at any rate 
be denied, that our anceftors extolled their fcarlet not 
without reafon. We can, however, venture to aflert, 
that the fcarlet prepared at prefent is far fuperior, 
owing principally to the effedfs of a folution of tin.— 
This invention may be reckoned amongft the moft im- 
portant improvements of the art of dyeing, and deferves 
a particular relation. 

“The tindiure of cochineal alone yields a purple co- 
lour, not very pleafant, which may be heightened to 
the moft beautiful fcaiiet by a folution of tin in aqua- 
regia (nitro muriatic acid). This difeovery was made 
as follows : Cornelius Drebbel, who was born at Alk- 
maar, and died at London in 1634, having placed in 
his window an extradl of cochineal, made with boiling 
water, for the purpofe of filing a thermometer, fome 
aqua-regia dropped into it from a phial, broken by ac- 
cident, which flood above it, and converted the purple 
dye into a moft beautiful dark red. After fome con- 
jedlures and experiments, he difeovered that the tin by 
which the window-frame was divided into fquares had 
been diflblved by the aqua-regia, and was the caufe of 
this change. He communicated his obfervation to 
Kuffelar, that excellent dyer at Leyden, who was af- 
terwards his fon in-law. The latter brought the dif- 
eovery to perfection, and employed it lome years alone 
in his dye houfe, which gave rife to the name of Kuf- 
felar’s colour. In the courfe of time the fecret became 
known to an inhabitant of Menin, called Gulich, and 
alio to another perfon of the name of Van der Vecht, 
who taught it to the brothers Gobelins in France. 
Giles Gobtlin, a dyer at Paris, in the time of Francis I. 
had found out an improvement of the then ufual 
fcarlet dye ; and as he had remarked that the water of 
the rivulet Bicvre, in the fuburbs St Marceau, was ex- 
cellent for his art, he ere&ed on it a large dye-houfe 
which, out of ridicule, was called Folie Gobelins, Gobe- 
lin’s Folly. About this petiod, a Flemifh painter, 
whom fome name Peter Koek, and others Kloek, and 
who had travelled a long time in the Eaft, eftabliihed, 
and continued to his death in 1650, a manufactory for 
dyeing fcarlet cloth by an improved method. Through 
the means of Colbert, one of the Gobelins learned the 
procefs ufed for preparing the German fcarlet dye from 
one Gluck, whom lome confider as the above-mention- 
ed Gulich, and others as Kloek; and the Parifian fcar- 
let dye foon rofe into fo great repute, that the po- 
pulace imagined that Gobelin had acquired his art from, 
the devil. It is well known that Louis XIV. by the. 
advice of Colbert, purchafed Gobelin’s building from 
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his fuccefibrs in the year 1667, and transformed it into 
a palace, to which he gave the name of Hotel royal des 
Gobelins, and which he afiigned for the ufe of firft rate 
artifts, particularly painters, jewellers, weavers of tapef- 
try, and others. After that time the rivulet was no 
longer called Bievre, but Gobelins. About the year 
1643, a Fleming, named Kepler, eftablifhed the hril 
dye houfe for fcarlet in England, at the village of Bow, 
not far from London ; and on that account the colour 
was called, at firft, by the Englilh, the Bow-dye. In 
the year 1667, another Fleming, named Brewer, invi- 
ted to England by King Charles II. with the promife 
of a large falary, brought this art there to great per- 
feftion.” 

SCHEME, a draught or reprefentation of any geo- 
metrical or aftronomical figure, or problem by lines 
fenlible to the eye ; or of the celefiial bodies in their 
proper places for any moment; otherwife called a dia- 
gram. 

SCIAGRAPHY, or Sciography, the profile or 
vertical feftion of a building; ufed to (hew the in fide 
of it. 

Sciagraphy, in aftronomy, &c. is a term ufed by 
fome authors for the art of finding the hour of the day 
or night, by the lhadow of the fun, moon, ftars, &c. 

SCIOPTIC, or Scioptric Ball, a fphere or globe of 
wood, with a circular hole or perforation, where a lens 
is placed. It is fo fitted, that, like the eye of an animal, 
it may be turned round every way, to be ufed in making 
experiments of the darkened room. 

1 SCO 
SCONCES, fmall forts, built for the defence of 

fome pafs, river, or other place. Some fconces are made 
regular, of four, five, or fix baftions; others are of 
fmaller dimenfions, fit for pafles or rivers: and others 
for the field. 

SCOT ALES, were meetings held formerly in Eng- 
land for the purpofe of drinking ale, of which the ex- 
pence was defrayed by joint contribution. Thus the 
tenants of South Mailing in Sufl'ex, which belonged to 
the Archbhhop of Canterbury, were, at the keeping of 
a court, to entertain the Lord or his bailiff with a 
drinking, or an ale ; and the ftated quotas towards the 
charge were, that a man ftiould pay three-pence half- 
penny for himfelf and his wife, and a widow and a cot- 
tager three half pence. In the manor of Ferring, in the 
fame county, and under the fame jurifdi&ion, it was the 
cuftom for the tenants named to make a fcotale of fix- 
teen pence halfpenny, and to allow out of each fixpence 
three halfpence for the bailiff. 

Common fcotales in taverns, at which the clergy 
were not to be prefent, are noticed in feveral ecclefiatti- 
cal canons. They were not to be publiihed in the 
church by the clergy or the laity ; and a meeting of 
more than ten perfons of the fame parifh or vicinage was 
a fcotale that was generally prohibited. There were 
alfo common drinkings, which were denominated leet- 
ale, bride-ale, clerk-ale, and church-ale. To a leet-ale 
probably all the refidents in a manorial diftridf were 
contributors ; and the expence of a bride-ale was de- 
frayed by the relations and friends of a happy pair, 

Sconce*, 
Scotales. 

SCOLYMUS (fee that article Encycl.) is, by Pliny who were not in circumftanccs to bear the charges of a 
and Theophraftus, reckoned to belong to the genus of 
the thiflks. The former fays, that like moft others of 
the fame kind, the feeds were covered by a fort of wool 
(pappus). It had a high ftem, furrounded with leaves 
which were prickly, but which ceafed to fling when 
the plant withered. It flowered the whole fummer 
through, and had often flowers and ripe feed at the 
fame time; which is the cafe alfo with our artichoke 
plants. The calyx of the fcolymus was not prickly ; 
the root was thick, black, and fweet, and contained a 
milky juice. It was eaten both raw and cooked ; and 
Theophraftus obferves, as fomething very remarkable, 
that when the plant was in flower, or, as others explain 
the words, when it had finiflied blowing, it was moft 
palatable. What renders this circumftance Angular is, 
that moft milky roots ufed for food lofe their milk, and 
become unfit to be eaten as foon as they have blown. 
This is the cafe with the goat’s beard, which is eatable 
only the firft year. 

Profeffor Beckmann has, with much labour and eru- 
dition, endeavoured to afeertain what is really the plant 
which was known to the ancients by the name of fcaly 
?nus. He feems to have proved fufficiently, that it was 
not the ca8us, the carduus, or the cinara ; but he has 
not been able to come to any other conclufion. “ Were 
I appointed or condemned (fays he) to form a new La- 
tin diftionary, I Ihould explain the article fcolymus in 
the following manner : Planta compofita, capitaia. Can- 
Us longus, obfitus foli'ts fpinofis. Radix carnofa, ladefcens, 
nigra, dulcis, edulis. Calix fquamis inermibus, difeo car- 
nofo, ante ejfiorefceniiam eduli. Semina pappofa. Turio- 
nes edules. This defeription, fhort as it is, contains eve- 
ry thing that the ancients have faid in order to charac- 
ter ife that plant.’’ 

wedding dinner. This cuftom prevails occafionally in 
fome diftri&s of Scotland even at this day, under the de- 
nomination of a penny bride-ale, and was very common 
fifty or fixty years ago. The clerRs-Ac. was in the Eafter 
holidays, and was the method taken to enable clerks of 
parifhes to colledt more readily their dues. 

Mr Warton, in his Hiftory of Englifh Poetry, has 
inferted the following extraA from an old indenture, 
which fhews clearly the defign of a church-?\e. “ The 
parifhioners of Elveftone and Okebrook, in Derbyfhire, 
agree jointly to brew four ales, and every ale of one 
quarter of malt, betwixt this and the feaft of St John 
the Baptift next coming ; and that every inhabitant of 
the faid town of Okebrook fhall be at the feveral ales. 
And every hulband and his wife fhall pay two pence, 
every cottager one-penny ; and all the inhabitants of 
Elvefton ihall have and receive all the profits and advan- 
tages coming of the faid ales, to the ufe and behoof of 
the faid church of Elvefon.” 

The give-ales were the legacies of individuals ; and 
from that circumftance entirely gratuitous. They feem 
to have been very numerous, and were generally left to 
the poor; though, from the largenefs of the quantity 
of ale enjoined to be brewed, it mull have been fome- 
times intended that others were to partake of them. 
Thefe bequefts were likewifc, not unfrequently, made 
to the light or altar of a faint, with diiedions for fling- 
ing mafles at the obit, trenthal, or anniverfary or the tef- 
tator. Hence, though fcotales were generally kept in 
houfes of public relort, the give-ales were fometimea 
diipenfed in the church, and often in the churchyard ; 
by which means 44 Godde’s houfe (as Sumner fays in 
his Treatife on Gavelkind) was made a tavern of glut- 
tons.” Such certainly would be Chalk church, if in it 
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ing. was kept the give-ale of William May of that parifli; 
for he ordered his wife to “ make in bread fix buihels 
of wheat, and in drink ten buihels of mault, and in 
cheefe twenty-pence, to give to poor people for the 
health of his ioull; and he ordered that, after the de- 
ceafe of his wife, his executors and feoffees Ihould con- 
tinue the cuilom for evermore.” 

SCOWRING of stuffs, is an art much more ge- 
nerally pradtifed than underilood. It fuppofes, fays 
Chaptal, i ft, a knowledge of the different fubftances 
capable of ftaining any kind of cloth ; 2d, of the fub- 
fiances to which rccourlc mufl be had, in order to make 
thofe depofited on the fluff to difappear ; 3d, a know- 
ledge of the effects produced on colours by thofe re- 
agents, which it may be neceffary to employ to deftroy 
1 tains ; 4th, a knowledge of the manner in which the 
cloth is effe&ed by thofe re agents; 5th, of the art of 
reftoring a colour changed or faded. Of tbofe bodies 
which occafion fpots on different kinds of cloth, fome 
are eafily diftinguifhed by their appearance, fuch as 
greafy fubftances ; but others have more complex ef- 
fects, fuch as acids, alkalies, perfpired matter, fruits, 
urine, &c. Acids redden black, fawn, violet, and puce- 
colour, and every fhade communicated with orchdla- 
weed, iron, aftringents, and every blue except indigo 
and pruffian blue. They render the yellows paler, ex- 
cept that of arnatto, which they change into orange. 

Alkalies change to violet the reds produced by Bra- 
zil-wood, logwood, and cochineal. They render the 
greens on woollen cloth yellowifh, make yellow biown- 
ifh, and change the yellow produced by arnatto to au- 
rora. Perfpired matter produces the fame efle£ls as al- 
kalies. 

When the fpots are produced by fimple bodies on 
fluffs, it is eafy to remove them by the means already 
known. Greafy fubftances are removed by alkalies, 
foaps, the yolk of eggs, fat earths; oxides of iron, by 
the nitric and oxalic acids ; acids by alkalies, and reci- 
procally. Stains of fruit ou white ttuffs may be remo- 
ved by the fulphureous acid, and ilill better by the oxi- 
genated muriatic acid. But when the fpots are. of a 
complex kind, it will be neceffary to employ ieveral 
means in fuccefflon. Thus, to deftroy the flam ot 
coom from carriage-wheels, after the greate has been 
diffolved, the oxide of iron may be removed by the oxa- 
lie acid. 

As colours are often changed by re-agents, it will be 
neceffary, in order to reftore them, that the fcowrer 
fhould poffcfs a thorough knowledge of the art of dye- 
ing, and how to modify the means according to circum- 
ftances. This becomes the more difficult, when it is 
neceffary to reproduce a colour fimilar to that of the 
reft of the fluff, to apply that colour only in one place, 
and often to reftore the mordant by which it was fixed, 
and which has been deftroyed, or even the firft tint 
which gave the colour its intenfity. It may be readily 
conceived that the means to be employed mull depend 
on the nature of the colour and the ingredients by which 
it was produced ; for it is known that the fame colour 
may be obtained from very different bodies. Thus, af- 
ter an alkali has been employed to deftroy an acid fpot 
on browns, violets, blues, poppies. See. the yellow fpot 
which remains may be made to difappear by a folution 
of tin ; a folution of fulphat of iron reftores the colour 
to brown fluffs which have been galled ; acids reflore to 

their former fplendour yellows which have been render- 
ed dufky or brown by alkalies ; blacks produced by- 
logwood become red by acids ; alkalies change theie 
red fpots to yellow, and a little of the aftringent prin- 
ciple makes them again become black. A. folution ot 
one part of indigo in four parts of fulphuric acid, dilu- 
ted with a fufficient quantity of water, may be employ- 
ed with fuccefs to revive the blue colour of cotton or 
wool which has been changed. Scarlet may be revived 
by means of cochineal and a folution of the muriat of 
tin, &c. # 

The choice of re-agents is not a matter of indiffe- 
rence. Vegetable acids are preferable ; thejulphureous 
acid, however, may be employed for flains occafioned 
by fruit; it does not change the blue of filk nor co- 
lours produced by aftringents ; it does not degrade the 
yellow of cotton. Ammonia fucceeds better than lixed 
alkalies in removing fpots produced by acids. It is em- 
ployed in vapour ; its adlion is fpeedy, and feldom alters 
the colour. 

The means of removing greafy fpots are well known. 
This effedl is produced by alkalies, fullers earth, vola- 
tile oils diffolved in alcohol, a heat proper for volatili- 
zing greafe, &c. Spots occafioned by ink, ruft, or iron- 
mould of any kind, and all thofe produced by the yel- 
low oxide of iron, are removed by the oxalic acid : the 
colour may be reftored by alkalies, or a folution of the 
muriat of tin. Thefe fpots may be removed alfo by the 
oxygenated muriatic acid, when they are on white ftuffs- 
or paper. 

The a&ion of alkalies, and that of perfpired matter, 
are the fame : their fpots may be effaced by acids, el- 
even by a weak folution of the muriat of tin. "When 
thefe fpots arife from feveral unknown caufcs, in order 
to deftroy them, recourfe mull be had to polychreft 
compofitions. The following may be confidered as one 
of the moft efficacious : Diffolve white foap in alcohol, 
and mix this folution with the yolks of from four to 
fix eggs ; add gradually effence of turpentine ; and in* 
corporate with the whole fome fullers earth, in iucli .1 
manner as to form balls of a fuitable conliilence. Moil- 
ten the fpot ; and having rubbed it with thefe balls, 
the fpot will be removed by waffling the ilutf. All 
fpots, except iron-mould and ink, may be removeu in 
this manner. 

Waffling deftroys the luftre, and leaves a tarniffied 
place difagreeable to the eye ; but the luftre may be 
reftored by drawing over the wafhed place, and in trie 
diredlion of the pile, a brufh moilleneu in water, im- 
pregnated with a little gum. You may then apply a 
fheet of paper, or a piece of cloth, and a conliderabie 
weight, under which the cloth mull be letc.to diyo 

SCYLLA. Under this title we gave, in the £nty- 
cloptediat an account of Scylla and Charybdis, wbicnr 
though taken from a work which we thought good 
authority, appears to be far from corretl. 1 hefe pla- 
ces, fo famous in the poems of Homer and Virgil, were 
examined with minute attention by that accurate obler- 
ver of nature the Abbe Spallanzani ; who thus deferibes- 

^C‘‘ It is a lofty rock, diftant twelve miles from Meffina, 
which rifes almoft perpendicularly from the fea on the 
ftiore of Calabria, and beyond which is the fmall city 
of the fame name. Though there was fcarcely any 
wind, I began to hear, two miles before I came to the 
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rock, a murmur and noife like a confufed barking of 
~ dogs, and on a nearer approach readily difcovered the 

caufe. i his rock, in its lower parts, contains a num- 
ber of caverns, one of the largeft of which is called by 
the people there Dragara The waves, when in the 
lead agitated, ruftiing into thefe caverns, break, darti, 
throw up frothy bubbles, and thus occafion thefe various 
and multiplied founds. I then perceived with how- 
much truth and refemblance of nature Homer and Vir- 
gil, in their perfonificati-ons of Scylla, had pourtrayed 
this fcene, by defending the montler they drew as lurk- 
ing in the darkneis of a vail cavern, furrounded by ra- 
venous barking ma(tiffs, together with wolves, to in- 
creafe the horror. 

“ Such is the fituation and appearance of Scylla ; 
let us now confider the danger it occafions to mariners. 
Though the tide is altnoft imperceptible in the open 
parts of the Mediterranean, it is very itrong in the 
(trait of Meffina, in confequence of the narrownefs of 
the channel, and is regukted, as in other places, by the 
periodical elevations and depreflion of the water. Where 
the flow or current is accompanied by a wind blowing 
the fame way, veffels have nothing to fear, ilnce they 
either do not enter the (trait, both the w ind and the 
ftream oppofing them, but call anchor at the entrance; 
or, if both are favourable, enter on full fail, and pafs 
through with fuch rapidity that they feem to fly over 
the water. But when the current runs from fouth to 
north, and the north wind blows hard at the fame time, 
the fit ip which expefted eaffly to pafs the ftrait with 
the wind in its Item, on its entering the channel is re- 
fdted by the oppoflte current, and, impelled by two 
forces in contrary directions, is at length daified on the 
rock of Scylla, or driven on the neighbouring fands; 
unlefs the pilot fhall apply for the fuccour neceffavy for 
his prefervation. For, to give affiflance in cafe of fuch 
accidents, 24 of the ftrongeit, boldeft, and molt expe- 
rienced tailors, well acquainted with the place, are fta- 
tioned night and day along the fhore of Meflina; who, 
at the report of guns fired as fignals of diftrefs from any 
veflel, haften to its afliftance, and tow it with one of 
their light boats. The current, where it is ftrongeft, 
does not extend over the whole ftrait, but winds thro’ 
it in intricate meanders, with the courfe of which thefe 
men are perfectly acquainted, and are thus able to 
guide the (hip in fuch a manner as to avoid it. Should 
the pilot, however, confiding in his own (kill, contemn 
or negleCt this afliftance, however great his ability or 
experience, he would run the moft imminent rifle of be- 
ing fhipwrecked. In this agitation and conflict of the 
waters, forced one way by the current, and driven in a 
contrary direction by the wind, it is ufelefs to throw 
the line to difeover the depth of the bottom, the vio- 
lence of the current frequently carrying the lead almoft 
on the furface of the water. The itrongeft cables, 
though fome feet in circumference, break like fmall 
cords. Should two or three anchors be thrown out, 
the bottom is fo rocky that they either take no hold ; 
or, if they fhould, are foon loolened by the violence of 
the waves. Every expedient afforded by the art of na- 
vigation, though it might fucceed in faving a fliip in 
other parts of the Mediterranean, or even the tremen- 
dous ocean, is ufelefs here. The only means of avoid- 
ing being dafhed againft the rocks, or driven upon the 
fands in the midft of this furious conteft of the winds 
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and waves, is to have recourfe to the (kill and courage 
of thefe Mefilnefe feamen.” 

Charybdis is fituated within the ftrait, in that part 
of the f'ea which lies between a projection of land na- 
med Punta Secca, and another projection on which 
Hands the tower called Lantcrno, or the light-houfe, a 
light being placed at its top to guide vellels which may 
enter the harbour by night. Every, writer, who has 
hitherto deferibed Charybdis, has fuppofed it to be a 
whirlpool ; ■ but this is a miftake, as Spallanzani has 
completely proved, by afcertainfng what it really is. 

“ Charybdis is diftant from the fhore of Mtlfina about 
750 feet, and is called by the people of the country Ca- 
lofato, not from the agitation of the waves, as fome 
have fuppofed, but from xaxof and ?«£>«£ ; that is, ''the 
beautiful tower, from the light-houfe ereCted near it for 
the guidance of veffels. The phenomenon of the Calo- 
faro is obfervable when the current is defeending ; for 
when the current fets in from the north, the pilots call 
it the defeending rema, or current; and when it runs 
from the fouth, the afeending rema. The current afeends 
or defeends at the riling or fetting of the moon, and 
continues for fix hours. In the interval between each 
afeent or defeent, there is a calm which lafts at leaft a 
quarter of as hour, but not longer than an hour. Af- 
terwards, at the riling or fetting of the moon, the cur- 
rent enters from the north, making various angles of 
incidence wuth the fhore, and at length reaches the Ca- 
lofaro. This delay fometimes continues two hours ; 
fometimes it immediately falls into the Calofaro ; and 
then experience has taught that it is a certain token of 
bad weather.” 

When our author obferved Charybdis from the fhore, 
it appeared like a group of tumultous waters ; which 
group, as he approached, became more extenfive and 
more agitated. He was carried to the edge, where he 
flopped iome time to make the requifite obfei vations 
and was then convinced, beyond the fhadovv of a doubt, 
that what he favv was^ by no means a vortex or whirl- 
pool. 

Hydrologifts teach us, that by a whirlpool in a run- 
ning w’ater we are to underhand that circular courfe 
which it takes in certain circumftances ; and that this 
courfe or revolution generates in the middle of a hollow 
inverted cone, of a greater or lefs depth, the internal 
fides of which have a fpiral motion. But Spallanzani per- 
ceived nothing of this kind in the Calofaro. Its revol- 
ving motion w'as circumfcribed to a circle of at moft ico 
feet in diameter; within which limits there was no in- 
curvation of any kind, nor vertiginous motion, but an 
inceffant undulation of agitated waters, which rofe, fell, 
beat, and dafhed on each other. Yet thefe irregular 
motions were fo far placid, that nothing was to be 
feared in palling over the fpot, which he did ; though 
their little bark rocked very much from the continual 
agitation, fo that they were obliged conftantly to make 
life of their oars to prevent its being driven out of the 
Calofaro. Our author threw fubftances of different 
kinds into the ilrcam. Such as were fpeciEcally hea- 
vier than the water funk, and appeared no more ; thofe 
which were lighter remained on the furface, but were 
foon driven out of the revolving circle by the agitation 
of the water. 

Though from thefe obfervations he was convinced 
that there w'as no gulph under the Calofaro, as other- 
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Scylla, wife there would have been a whirlpool, which would 
Sea fick- have carried down into it the floating lubftances ; he 

ne^8' determined to found the bottom with the plummet, and 
~ ~y found its greatefl depth did not exceed 500 feet. He 

was likewife informed, to his no fmall furprife, that be- 
yond the Calofaro, towards the middle of the {trait, the 
depth was double. 

When the current and the wind are contrary to each 
other, and both in their greateft violence, efpecially 
when the fcilocco, or fouth wind, blows, the {welling 
and dafhing of the waves within the Calofaro is much 
ftronger, more impetuous, and more extenfive. It then 
contains three or four fmall whirlpools, or even more, 
according to the greatnefs of its extent and violence. 
If at this time fmall vefiels are driven into the Calofaro 
by the current or the wind, they are feen to whirl 
round, rock, and plunge, but are never drawn down in- 
to the vortex. They only fink when filled with water, 
by the waves beating over them. When veffels of a 
larger lize are forced into it, whatever wind they have 
they cannot extricate tbemfelves; their fails are ufelefs; 
and after having been for fome time toffed about by the 
waves, if they are not alfifted by the pilots of the coun- 
try, who know how to bring them out of the courfe of 
the current, they are furioufly driven upon the neigh- 
bouring fhore of the Lanterna, where they are wreck- 
ed, and the greater part of their crews perifh in the 
waves. 

From thefe fads, the claffical reader will perceive 
that the ancient defcriptions of Charybdis are by no 
means fo accurate as thofe of Scylla. The faying, 
however, which became proverbial among the ancients, 
viz. that “ he who endeavours to avoid Charybdis, 
dafhes upon Scylla,” is, in a great meafure, true. If a 
{hip be extricated from the fury of Charybdis, and car- 
ried by a ftrong foutherly wind along the ftrait towards 
the northern entrance, it will indeed pafs out lafely ; 
but fhould it meet with a wind in a nearly oppofite di- 
rection, it would become the fport of both thefe winds, 
and, unable to advance or recede, be driven in a middle 
courfe between their two directions, that is to fay, full 
upon the rock of Scylla, if it be not immediately aflift- 
ed by the pilots. It is likewife obferved, that in thefe 
hurricanes a land wind frequently rifes, which defcends 
from a narrow' pafs in Calabria, and increafes the force 
with which the fhip is impelled towards the rock. 

SEA-sickness is a diforder which has been but 
little treated of, notwithftanding the frequency of its 
occurrence, and the irkfomenefs and dillrefs to which 
the patient is fubjeCled during its continuance. It has 
been found to be very beneficial in feveral difeafes, a- 
mong which the principal are afthmatic and pulmonary 
complaints ; and there are very few indances of its be- 
ing attended with fatal confequences. The fea-fick- 
nefs feems to be a fpafmodic affeClion of the ftomaeh, 
produced by the alternate preffure and recefs of the 
contents of that vifcus againft its lower internal fur- 
face, according as the rile and fall of the {hip oppofes 
or recedes from the attion of gravity. 

The feas in which this diforder attacks the paflenger 
with the greatell violence, are thofe where the waves 
have long uninterrupted freedom of action ; of courfe, 
bay, gulphs, and channels,' may be navigated writh lels 
inconvenience,as the waves,meeting with more frequent 
refiftance,and the repercu {lion being confiderably ftrong- 
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er, the veflel does not experience that gentle uniform Sea- fuls- 
vacillation which fickens the ftomach, and renders the 1:C^' , 
head giddy. By the fame argument, a perfon feels lefs 
inconvenience from the diforder on the wide ocean in 
a fmall veflel, on which the flighteft motion of the 
w'aves makes a ftrong impreflion. He is likewife !ef» 
expofed to it in a very large veflel,' as in a (hip of the 
line, or a large merchantman deeply laden ; as the 
w'aves, in this cafe, fcarcely affeft the veffel. It is in 
{hips of the middling lize, and which carry but a light 
cavgo, that the paflenger fuffers moll from the fea fick- 
nefs. It has been obferved, that this diforder affefts 
people in years lefs than young perfons; thofe of a 
dark lefs than thofe of a fair completion, and that it 
feldom attacks infants. The duration is not limited to- 
any fixed period of time; with lome it la{ts only a few 
days, with others weeks, months, and even during the 
wdiole courfe of the voyage. The fooner it takes place 
after embarkation, the greater probability is there of 
its continuance. It does not always cenfe immediately 
on landing, but has been known, in fome cafes, to con- 
tinue for a confiderable time. Even the oldefl and 
moft flcilful feamen have experienced a telapfe, efpecial- 
ly if they have quitted the fea-fervice for a long term 
of years. 

There have been many modes recommended for mi- 
tigating, if not entirely preventing, this dfforder; among 
which the following feem the moil efficacious : 

1. Not to go on board immediately after eating; 
and, when on board, not to eat in any great quantity 
at any one meal. 

2. To take ftrong exercife, with as little intermififion 
as conveniently can be done ; for inftance, to affift at 
the pumps, or any other a&ive employment, as indolent 
and flothful paffengers ahvays fuffer moft from the dif- 
order. 

3. To keep much upon deck, even in ftormy and 
rainy weather, as the fea breeze is lefs liable to affett 
the ftomach than the ftagnated air of the cabin, which 
is frequently rendered infedlious for want of fufficient 
circulation. 

4. Not to watch the motion of the waves, efpecially 
when ftrongly agitated with tempeft. 

5. To avoid carefully all employments which harafa 
the mind, as reading, ftudy, meditation, and gaming : 
and, on the other hand, to feek every opportunity of 
mirth and mental relaxation. 

6. To drink occafionally carbonic acids, as the froth 
of ftrong fermented beer, or wine mixed with Seltzer 
water, and fermented with pounded fugar, or a glafs of 
Champaign. 

7. It will be found of great fervice to take the acid 
of fulphur dulcified, dropped upon lump fugar, or iu 
pepperment water ; or ten drops of fulphureous ether. 

With regard to eating, it is atlvifable to be very 
fparing, at leaft not to eat much at one meal. The 
proper diet is bread and frefti meat, which fhould be 
eaten cold with pepper. All Iweet favoured food 
fhould be carfully avoided ; and the pafienger {hould 
refrain from fat, but efpecially from all meat that is in 
the leaft degree tainted Even the odour of flowers is 
very pernicious; for which reafon it is not expedient 
to examine marine produ&ioris, as thefe generally have 
a naufeating fmell. The fumes of vinegar may be in- 
haled with great benefit. The drink {hould cqnfift of 
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Sea fuk- tart wines, lemonade, or Seltzer water, but never of 

ne^s» common water. The pafienger would do well to drink 
8c^0^• , little and often. As experience ha* proved, than an 

accidental diarrhoea has frequently relieved the patient 
from the fea-ficknefs, it will be prudent to follow the 
clue of nature, and take a gentle laxative, or, if circum- 
ftances will permit, a clyfter of falt-water and Venice 
foap, which is the more neceffary, as fea-faring people 
are liable to obftru&ions. It will further be found ufe- 
ful to apply to the pit of the ftomach a tonic anodyne 
antifpafmodic emplaltrum, fpread upon leather, and co- 
vered with linen. 

Where the above preventives have not been employ- 
ed, or have not fucceeded in fecuring the paflenger 
from the fea-ficknefs, he may, however, experience con- 
fiderable relief from the following remedies : 

If fymptoms of vomiting appear, they may frequent- 
ly be remedied by the patient proftrating himfelf in a 
horizontal pofition, upon the back or belly, and ly- 
ing perfeftly {till. We would recommend likewde a 
gentle compreffion of the abdomen. But if the fits of 
vomiting are too violent to be reprefled, in that cafe, it 
is beft to promote them by a ftrong dofe of fait water ; 
an expedient, however, which mud not be too often 
repeated, as it tends ftdl more to weaken the ftomach. 
When the emetic takes effeft, let the patient bend his 
body, advancing his knees towards his breaft, and fup- 
port his head againft a firm and folid refting-place, He 
mull be particularly careful to untie his garters and 
cravat, as this precaution will fecure him from the rifle 
of a rupture, and from the ill effe&s of the blood rufh- 
ing violently towards the head and breaft. 

After the vomiting has fubfided, its return may be 
guarded againft by preferving a ftate of repofe, and 
even keeping the eyes fhut for a confiderable time. Let 
the patient choofe a cool, ventilated place, remember- 
ing to keep himfelf warm and well clothed, as perfpira- 
tion is highly falutary. But he muft not indulge in 
too long lleep during the day-time, as this induces tor* 
pidnefs. In the morning he fhould conftantly take a 
gargle of fugar diffolved in vinegar. Let him eat 
often, but fparingly; and if he can content himfelf with 
a difh of chocolate, coffee, or ftrong tea, he will reap 
ftlll greater benefit. He fhould never drink water in 
its pure elementary ftate, but mix it with brandy, vi- 
negar, or wine. In the morning, inftead of brandy, he 
may take a glafs of wine, with an infufion of orange 
peel, gentian root, or peruvian bark (quinquina). A 
glafs of punch taken occafionally will prove of very ef- 
iential fervice, as it promotes perfpir^tion. 

Perfonsin the habit of fmoking, will find a pleafant 
and falutarv companion in the pipe ; but thofe who 
are not accuftomed to it will be fufferers by taking to 
the pradlice: 

In conclufion, it is proper to add, that warm cloth- 
ing, flannel fhirts, trowfers, caps, &c. afe efficacious re- 
medies againft exceflive expe&oration, and all other 
fymptoms of this terrible diforder. 

SECTOR of A Sphere, is the folid generated by 
the revolution of the fedtor of a circle about one >qf its 
radii ; the other radius defenbing the furface of a cone, 
and the circular arc a circular portion of the furface of 
the fphere of the fame radius. So that the fpherical 
feftor confifts of a right cone, and of a fegment of the 
.fphere having the fame common bale with the cone. 

And hence the folid content of it will be found by Sedh* 
multiplying the bafe or fpherical furface by the radius l|. 
of the fphere, and taking a third part of the produft. i ieri 

Sector of an ellipfey or of an hyperbola, &c. is a part 
refembling the circular feclor, being contained by three 
lines, two of which are radii, or lines drawn from the 
centre of the figure to the curve, and the intercepted 
arc or part of that curve. 

SEEDS, Preservation of, in a ftate fit for vege- 
tation, is a matter of great and general importance, be- 
caufe, if it can be accomplifhed, it will enable us to mu* 
many ufeful plants in one country which are there un- 
known, being indigenous only in others at a great dif- 
tance from it. There is a letter on this fubjedl in the 
16th volume of the T'ranfaBion of the Society of Arts, 
&c. from which we fliall extract what is fit for our 
purpofe. 

“ Many years ago (fays the author), having obferved 
fome feeds which had got accidentally amongft raifins, 
and that they were fuch as are generally attended with 
difficulty to raife in England after coming in the ufual 
way from abroad, l fowed them in pots, within a fra- 
ming ; and as all of them grew, I commifiioned my 
fons, who w'ere then abroad, to pack up all forts of 
feeds they could procure in abforbent paper, and fend 
fome of them furrounded by raifins, and others by 
brown moift fugar; concluding that the former leeds 
had been preferved by a peculiarly favourable ftate of 
moifture thus afforded them. It occurred, likewife, 
that as many of our common feeds, fuch as clover* 
charlock, &c. would lie dormant for ages within the 
earth, well preferved for vegetation whenever they 
might happen to be thrown to the furface, and expofed 
to the atmofphere, lo thefe foreign feeds might be 
equally preferved, for many months at leaft, by the 
kindly covering and genial moifture that either raifins 
or fugar afforded them : and this conje&ure was really 
fulfilled, as not one in twenty of them failed to vege- 
tate, when thofe of the fame kinds, that I ordered to 
be fent lapped in common parcels, and forwarded with 
them, would not grow at all. I obferved, upon exa- 
mining them all before they were committed to the 
earth, that there was a prevailing drynefs in the latter, 
and that the former looked frefh and healthy, and were 
not in the leaft infefted by infedls, as was the cafe with 
the others. It has been tried repeatedly to convey 
feeds (of many plants difficult to raife) clofed up in 
bottles, but without fuccefs ; fome greater proportion 
of air, as well as a proper ftate of moifture, perhaps, 
being neceflary. 1 (hould alfo obferve, that bo diffe- 
rence was made in the package of the feeds, refpedl- 
ing their being kept in hulks, pods, &c. fo as to give 
thofe in raifins or fugar any advantage over the others, 
all being fent equally guarded by their natural tegu- 
ments.” 

SEGALIEN, the name given by Europeans to a 
large ifiand, feparated by a narrow channel from the 
coaft of Chinefe Tartary, and called by the natives 
Tchoka, and by the Chinefe Oku-JeJfu. It lies between 
the 46th and 54th degrees of north latitude, but its 
breadth from eaft to weft is not known. Indeed hardly 
any thing about it was known till the year 1787, that 
M. La Peroufe penetrated almoft to the bottom of the 
channel which feparates it from the continent, and 
which .grew fo very (hallow as he advanced northward 
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Seg&llen. that, in all probability, the ifland will loon become a fhoe 

peninlula. The French frigates came to anchor in dif- 
ferent bays on the coaft of Segalien ; and the fineft of 
thefe bays, to which the Commodore gave the name of 
Bate d’EJUiing, is fituated in 489 59' N. Lat. and 140° 
32' Lon. Eail from Paris. 

La Peroufe, and M. Roll in the furgeon of his (hip, 
both defcribe the natives of this iiland as a worthy and 
intelligent people. Of the prefems which were made 
to them, they feemed to fet a value only on Inch as 
were ufeful. Iron and fluffs prevailed over every thing ; 
they underftood metals as well as their guefts, and lor 
ornament preferred lilver to copper, and copper to iron. 
They make ufe of looms, which, though fmall, are 
very complete inftruments ; and by means of fpindles 
they prepare thread of the hair of animals, ot the bark 
of the willow, and the great nettle, from which they 
make their (luffs. They are of a moderate fize, fquat, 
and ftrong built, with the mufcles of their bodies very 
exatlly defined : their common height is five feet, and 
the greateft does not exceed five feet four inehes ; but 
men of this fize are very uncommon among them. 
They have all a large head, and a broad and more 
rounded face than Europeans ; their countenance is ani- 
mated and agreeable, though, upon the whole, it is 
deftitute of that regularity and grace which we efteem 
fo effential to beauty : they have large cheeks, a (hort 
nofe rounded at its extremity, with very broad noftrils : 
their eyes are lively, of a moderate fize, for the molt 
part black, though fome have blue ones among them: 
their eyebrows are buffiy, their mouth of the common 
fize, their voice is ftrong, their lips are rather thick, 
and of a dull red : M. Rollin remarked, that in feveral 
the upper lip was tattoed, and tinged of a blue colour : 
thefe, as well as their eyes, are capable of every variety 
of expreffion : their teeth are white, even, and of the 
tifual number ; their chin is rounded and a little advan- 
cing : their ears are fmall ; they bore and wear in them 
glafs ornaments or filver rings. 

The women are not fo large as the men, and are of 
a more rounded and delicate figure, though there is but 
little difference between the features of their faces. 
Their upper lip is tattoed all over of a blue colour, and 
they wear their hair long and flowing : their drefs hard- 
ly differs from that of the men ; the colour of the (kin 
in both fexes is tawny, and that of their nails, which 
they fuffer to grow to a great length, is a (hade darker 
than that of Europeans. Thefe iflanders are very hairy, 
and have long beards, which gives, efpecially to the 
old men, a grave and venerable air : thefe laft appear to 
be held in much refpeft by the younger part of the in- 
habitants. The hair of their head is black, fmooth, 
and moderately ftrong ; in fome it is of a chefnut co- 
lour : they all wear it round, about fix inches long be- 
hind, and cut into a brufti on the top of their head and 
over the temples. 

Their clothing confifts of a kind of furtout which 
wraps over before, where it is faftened by little buttons, 
firings, and a girdle placed above the haunches. This 
furtout is made of (kin or quilted nankeen, a kind of 
fluff that fhey make of willow bark ; it generally reaches 
to the calf of the leg, and fometimes even lower, which 
for the mod part renders the ufe of drawers unnecef- 
fary; fome of them wear feal (kin boots, the feet of 
which, in form and workmanftiip, refembles the Chinefe 

S 1 G 
greater number of them go bare-footed nut the 

and bare-headed : a few indeed wear a bandage of bear- 
(kin round the head ; but this is rather as an ornament 
than a defence againft the weather. 

Like the lower claffes of the Chinefe, they all wear 
a girdle, to which they hang their knife as a deieoce 
againft the bears, and feveral little pockets, into which 
they put their flint and (teel, their pipe, and their box 
of tobacco ; for they make a general pradtice of fmo* 
king. 

Their huts are fufficient to defend them againft the 
rain and other inclemencies of the air, but are very 
fmall in proportion to the number of the inhabitants 
which they contain. The roo( is formed of two incli- 
ned planes, which are from ten to twelve feet high at 
their junclion, and three or four on the lides : the 
breadth of the roof is about fifteen feet, and its length 
eighteen : thefe cabins are conftrudled of frame work, 
ftrongly put together, the (ides being filled up with the 
bark of trees, and the top thatched with dry grafs in the 
fame manner as our cottages are. 

On the infide of thefe houfes is a fquare of earth rai- 
fed about fix inches above the ground, and fupported 
on the fides by ftrong planking ; on this they make the 
fire : ahsng the fides o( the apartment aie benches twelve 
or fifteen inches high, which they cover with mats, on 
which they deep. 

The utenfils that they employ in cooking their food 
confift of an iron pot, (hells, veffels made of wood and 
birch bark, of various ffiapes and workmanfliip ; and, 
like the Chinefe, they take up their food with little 
(licks : they have generally two meals in the day, one 
at noon, and the other in the evening. 

The habitations in the fouth part of the iffand are 
much better built and furnifhed, having for the mod 
part planked floors : our author faw in them fome vef- 
fels of Japan porcelain, on which the owners appeared 
to fet great value, probably beeaule they are not to be 
procured but with great trouble and at confiderable ex- 
pence. They cultivate no kind of vegetable, living only 
on dried and fmoked fifh, and what little game they 
take by hunting. 

Each family has its own canoe, and implements for 
fifhing and hunting. Their arms are bows, javelins, 
and a kind of fpontoon, which they ufe principally in 
bear-hunting. By the fide of their houfes are the ma- 
gazines, in which they lay up the provifion which they 
have prepared and culledled during fummer for their 
winter fubfifleiice. It confills ot dried fifh, and a con- 
fiderable quantity of garlic and wild celery, angelica, a 
bulbous root which they call ape, better known under 
the name of the yellow lily of Kamtfchatka, and fi(h 
oil, which they preferve in the (lomachs of bears, and 
other large animals. Thefe magazines are made of 
planks, ftrongly and clofely put together, raifed above 
the ground on (lakes about four feet high. 

Dogs are the only domeftic animals belonging to the 
natives of Tchoka ; they are of a middling fize, with 
(baggy hair, pricked ears, and a (harp long muzzle ; 
their cry is loud and not favage. 

Thefe people, who are of a very mild and unfufpeft- 
ing difpofition, appear to have commercial intercourfe 
with the Chinefe by means of the Mantchou Tartars, 
with the Ruffians to the north of their ifland, and the 
Japanefe to the fouth : but the articles of trade are of 

3 R2 no 
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Segments, no great confequence, confuting only of a tew furs and 
, Seg°- whale oil. This fifh is caught only on the fouthern 

v coaft of the ifland. Their mode of extra&ing the oil is 
by no means economical j they drag the whale on fliore 
on a Hoping ground, and fuffering it to putrify, receive 
in a trench, at the foot of the Hope, the oil, which fe- 
parates fpontaneoufly. 

The ifland is well wooded, and mountainous towards 
the centre, but is flat and level along the coaft, the foil 
of which appears admirably adapted to agriculture: ve- 
getation is extremely vigorous here : forefts of pine, 
willow,^oak, and birch, cover nearly the whole furface. 
The fe'a abounds with fifh, as well as the rivers and 
brooks, which fwarm with falmon and trout of an ex- 
cellent quality. The weather is, in general, foggy and 
mild. All the inhabitants have an air ot health and 
ftrength, which they retain even to extreme old age ; 
nor did our author obferve among them any inftance of 
defective organization, or the lead trace of contagious 
or eruptive diforders. 

SEGMENTS, lime of, are two particular lines, fo 
called on Gunter’s fed!or. They lie between the lines 
of fines and fuperficies, and are numbered with 5, 6, 7, 
S, 9, 10. They reprefent the diameter of a circle, fo 
divided into too parts, as that a right line drawn 
through thofe parts, and perpendicular to the diameter, 
fhall cut the circle into two fegments, the greater of 
which fhall have the fame proportion to the whole circle, 
as the parts cut off have to too. 

SEGO, the capital of the kingdom of Bambarra in 
Africa, is fituated on the banks of the Niger, in 140 

4' N. Lat. and i' W. Long. It confifts, properly 
fpeaking, of four diftindl towns ; two on the northern 
bank of the Niger, called Sego Korro, and Sego Boo; 
and two on the fouthern bank, called Sego Soo Korro, 
and Sego See Korro. They are all furrounded with 
high mud-walls; the houfes are built of clay, of a fquare 
form, with (lat roofs; fome of them have two (lories, 
and many of them are white-wafhed. Befides thefe 
buildings, Moorifh mofques are feen in every quarter; 
and the flreets, though narrow, are broad enough for 
every ufeful purpofe in a country where wheel-carriages 
are entirely unknown. Mr Park informs us, that from 
the bell inquiries that he could make, he has reafon to 
believe that Sego contains altogether about thirty thou- 
iand inhabitants. The King of Bambarra eonftantly 
refides at Sego. See Korro. He employs a great many 
Haves in conveying people over the river ; and the mo- 
ney they receive (though the fare is only ten kowrie 
(hells for each individual) furnifhes a confiderablc reve- 
nue to the king in the courfe of a year. The canoes 
are of a lingular conflruftion, each of them being form- 
ed of the trunks of two large trees, rendered concave, 
and joined together, not fide by fide, but endwife ; the 
junction being exa£tly acrofs the middle of the canoe : 
they are therefore very long, and difproportionably nar- 
row, and have neither decks nor malts ; they are, how- 
ever, very roomy ; for our author obferved in one of 
them four horfes, and feveral people, crolling over the 
river. The view of tin’s extenfive city ; the numerous 
canoes upon the river ; the crowded population, and the 
cultivated flate of the furrounding country, formed alto- 
gether a profpedt of civilization and magnificence which 
he little expected to find in the bofom of Africa. 

He met not, however, in Sego with that hofpkality 

which he had experienced in fome other African towns. Sego 
The Moors, who abound in it, and whofe bigotry ren- II 
ders them the implacable enemies of every white man Senn> 

fufpedled of being a Chriftian, contrived to perfuade ^ 
the king that it was for no good purpofe he had come 
into the territories of Bambarra. He was therefore 
ordered to take up his refidence at a village a little di- 
flant, without being admitted into the royal prefence. 
Even there, fo flrong was the prejudice that had been 
excited againfl him, no perfon would admit him into 
his houfe. About funfet, however, as he was preparing 
to pafs the night in the top of a tree, that he might 
not be in danger of being torn to pieces by wild beads, 
a poor Negro woman condudled him to her hut, dreffed 
a fine fifh for his fupper, and furnifhed him with a mat 
to deep on. She then called to the female part of her 
family, who had flood gazing on him all the while with 
fixed aflonifhment, to refume their talk of fpinning cot- 
ton; in which they continued to employ themfelves great 
part of the night. They lightened their labour by fongs; 
one of which was compofed extempore, for our author 
was himfelf the fubjedt of it. It was fung by one of 
the young women, the reft joining in a fort of chorus. 
The air was fweet and plaintive, and the words, literal- 
ly tranflated, were thefe : “ The winds roared, and the 
rains fell.—The poor white man, faint and weary, came 
and fat under our tree.—He has no mother to bring 
him milk ; no wife to grind his corn.— Chorus. Let us 
pity the white man; no mother has he, &c. &c. “ Trif- 
ling (fays Mr Park) as this recital may appear to the 
reader, to a perfon in my fituation the circumflance was 
affedling in the highefl degree.” 

Having remained three days in this village, he was 
difmiffed on the fourth, after receiving from the king 
5000 kowries, to enable him to purchafe proviiions in 
the courfe of his journey. Though this fum amount- 
ed only to one pound llerling, fo cheap are the necefla- 
ries of life in Bambarra, that it was fufficient to pur- 
chafe provifions for himfelf, and corn for his horfe, for 
fifty, days. 

SELL, in building, is of two kinds, viz. Ground Sell, 
which denotes the lowed piece of timber in a wooden 
building, and that upon which the whole fupetftru&ure 
is raifed ; and Sdl of a Windo w, or of a Door, which is 
the bottom piece in the frame of them, upon which they 
red. 

SENN, a kind of itinerant cowkeeper in Switzer- 
land, particularly in the canton of Appenzell. Thefe 
men do not grow fo much hay themfelves as they re- 
quire for their cattle during the winter feafon, and fome 
of them have no grafs lands at all. To fupply this de- 
ficiency, they employ agents throughout the canton, 
who are to inform them where good hay may be ob- 
tained, which farmers made it in favourable weather, 
&c. and then the Senn, or the great cowkeeper, who 
is in want of fodder, makes his agreements for the win- 
ter wfith the wealthier farmers, to whom he fucceflively 
drives his cattle as foon as they return from grafs. 
Thus the itinerant Senn, with his cows, often vifxts five 
different places during the winter feafon. He who 
fells the hay, furnifiies the Senn not only with dabling 
for his beads, but boards and lodges him as well as his 
whole family. In return, the Senn, befides paying the 
dipulated price for the hay, allows to his hod as much 
milk, whey, and zieger (a kind of lean cheefe) as may 

be 
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be ufed in the houfe, and leaves him alfo the manure of from food, and growing lean. 
In the middle of April, when Nature re- ^ J 

A 

his cows —   -1 1 u 
vives, the Senn again iffues forth with his herd to the 
meadows and fertile Alps, which he rents for the fum- 
mer. Thus the life of thefe men is a conftant migra- 
tion, affording the moff pleafmg variety, and blelling 
them with health, content, and cheerfulneis ; but they 
had not been then curfed with French fraternity. 

Fine cattle are the pride of the cowkeeper who in- 
habits the Alps :—but, not fatisfied with their natural 
beauty, he will likewife pleale his vanity. He adorns 
his belt cows with large bells fufpended from broad 
thongs ; and the expence in fuch bells is carried even 
to a luxurious excefs. Every Seniyhas an harmonious 
fet of at lealt two or three bells, chiming in with the 
famous ran% des vaches (a). T. ne inhabitants of the 
Tyrol bring a number of fuch bells, of all lizes, to 
every fair kept in the canton of Appenzell. They are 
fixed to a broad (trap, neatly pinked, cut out, and em- 
broidered ; which is fattened round the cow’s neck by 
means of a large buckle. A bell of the largeft fize 

The happy rival, on 
whom the diftinguifhing badge of fuperionty has de- 
volved, experiences her marked vengeance, and is but- 
ted, wounded, and perfecuted by her in the moft fu- * 
rious manner; until the former either recovers her 
bell, or is entirely removed from the herd. However 
fingular this phenomenon may appear, it is placed be- 
yond all doubt by the concurring teftimony of cen- 
turies. 

The cows, when difperfed on the Alps, are brought 
together by the voice of the Senn, who is then faid to 
allure them (locheti). How well the cattle dittinguifh 
the note of their keeper appears from the circumftance 
of their battening to him, though at a great diftance, 
whenever he begins to hum the ran% des vaches. He 
furnifhes that cow which is wont to ftray fartheft with 
a fmall bell, and knows by her arrival that all the reft 
are affembled. 

SERRISHTEHDAR, in Bengal, keeper of re- 
cords or accounts. 

SEVEN Stars, a common denomination given to. 

Serrifli- 
tehdar 

II 
Shadow*. 

ZZ'T, upwards of a foot in diameter, is cAn uni- the clutter of ftars i„ .he neck of the f.gn Taurus the 
form width at top, fwells out in the middle, and tapers bull, properly called the Pleiades. I hey arc io c c^ 
towards the end. It cofts from forty to fifty gilders ; f~~    
and the whole peal of bells, including the thongs, will 
fometimes be worth between 140 and 150 gilders, 
while the whole apparel of the Senn himfelf, when belt 
attired, does not amount to the price of twenty gilders. 
The fineft black cow is adorned with the largeft bell, 
and thofe next in appearance have two fmaller. Thefe 
ornaments, however, are not worn on every day, but 
only on folemn occafions, viz. when, in the fpring, they 
are driven up the Alps, or removed from one pafture 
to another ; or when they defcend in the autumn, or 
travel in the winter to the different farms, where their 
owner has contra&ed for hay. On fuch days, the 
Senn, even in the depth of winter, appears dreffed in a 
fine white Ihirt, of which the fleeves are rolled up above 

from their number Seven which appear to the naked 
eye, though fome eyes can difcover only fix of them ; 
but by the help of telefcopes there appears to be a great 
multitude of them. 

SESAWUL, in Bengal, an officer deputed occa- 
fionally to enforce the due payment of the revenue. 

SHADOWS (colourfd), a curious optical phe- 
nomenon, which was obferved, a confiderable number 
of years ago, by Profeffor Scherffer of Vienna, and 
more lately by Count Rumford. The Count made the 
difcovery when profecuting his experiments upon light; 
of which the reader will find fome account under the 
titles Lamp and Photometer in this Suppl. “ De- 
firous (fays he) of comparing the intenfity of the light 
of a clear blue Iky by day with that of a common wax- line wtiitC imrtj 01 wiiiLii Liic hcv vto a»^ s j j « • i i i * i . 

the elbow ; neatly embroidered red braces keep up his candle, I darkened my room, and letting the day ign . 1 « in r  1 n rc thtvmrrh n hnlP near t tnn nt 
yellow linen trowfers, which reach down to the fhoes ; 
a fmall leather cap, or hat, covers his head ; and a new 
milk bowl, of wrood fkilfully carved, hangs acrois the 
left fhoulder. Thus arrayed, the Senn precedes ling- 
ing the ranz dcs vacljest and followed by three or four 
fine goats ; next comes the handfomeft cow with the 
trreat bell j then the tw7o other cows with fmaller bells; 
and thefe are lucceeded by the reft of the cattle walk- 
ing one after another, and having in their rear the 
bull with a one-legged milking ftool hanging on his 
horns ; the proceffion is clofed by a traineau, or fledge, 
on which are placed the implements for the dairy. It 
is furpnfing to fee how proud and pleafed the cows 
ftalk forth when ornamented wdth their bells. Who 
would imagine that even thefe animals are fenfible of 
their rank, nay, touched with vanity and jealoufy ! If 
the leading cow', who hitherto bore the largeft bell, be 
deprived of her honours, fhe very plainly manifefts her 
grief at the -difgrace, by lowing inceffantly, abttaining 

from the north, coming through a hole near the top of 
the vyindow {butter, fall at an angle of about 70° upon 
a {licet of very fine white paper, I placed a burning 
wax candle in fuch a pofition that its rays fell upon the 
fame paper, and, as near as I could guefs, in the line of 
reflection of the rays of day-light from without; when, 
interpofing a cylinder of w'ood, about halt an inch in 
diameter, before the centre of the paper, and at the di- 
flance of about twm inches from its furface, I was much 
furprifed to find that the two Ihadovvs projeAed by the 
cylinder upon the paper, inftead of being merely {hades 
without colour, as 1 expe&ed ; the one of them, that 
which, correfponding w ith the beam of day-light, was 
illuminated by the candle, was yellow'; while the other, 
correfponding to the light of the candle, and confe- 
quently illuminated by the light of the heavens, was of 
the moft beautiful blue that it is pofiible to imagine. 
This appearance, which was not only unexpe&ed, but 
was really in itfelf in the higheft degree linking and 

beautiful,. 

(a) This famous paftoral fong is never fung by the cowherds with words to it : all the tones of it are Ample, 
and mottly formed within the throat. Hence the tune produces very little or no motion of the jawbones, and 
its founds do not refemble thofe which commonly iffue from the ,v

ruman throat, but rather feem to be the tones 
of fome wdnd inftrument: particularly as fcarcely any breathing is perceived, and as the cowherds fometimes fing 
for minutes together without fetching breath. 
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Shadows, beautiful, 1 found upon repeated trials, and after vary- 
Shagreen. jng j.}^, experiment in every way 1 could think of, to 

be fo perfectly permanent, that it is abfolutely impof- 
iible to produce two fhadows at the fame time, from the 
fame body, tlie one anfwering to a beam of day light, 
and the other to the light of a candle or lamp, without 
thefe Ihadows being coloured, the one yellow, and the 
other blue. 

“ If the candle be brought nearer to the paper, the 
blue fhadow will become of a deeper hue, and the yel- 
low fhadow will gradually grow fainter ; but if it be 
removed farther off, the yellow (liadow will become of 
a deeper colour, and the blue fliadow will become 
fainter; and the candle remaining llationary in the fame 
place, the fame varieties in the ftrength of the tints of 
the coloured fhadows may be produced merely by open- 
ing the window-ftiutter a little more or lefs, and render- 
ing the illumination of the paper, by the light from with- 
out, llronger or weaker. By either of thefe means, the 
coloured Ihadows may be made to pafs through all the 
gradations of fhade, from the deepeft to the lighteft, and 
•u/Vf veryh ; and it is not a little amuling to fee fnadows 
thus glowing with all the brilliancy of the pureft and 
moll intenfe prifmatic colours, then puffing fuddenly 
through all the varieties of lhade, preferving in all the 
moft perfect purity of tint, growing ffronger and fain- 
ter, and vanishing and returning, at command.” 

With refpedt to the caufes of the colours of thefe 
Ihadows, there is no doubt (fays the Count) but they 
arife from the different qualities of the light By which 
they are illuminated ; but how they are produced, does 
not appear to him fo evident. With the utmoll defe- 
rence to this amiable and very ingenious philofopher, 
we think all the phenomena of coloured fliadovvs which 
he enumerates *, have been, or may be accounted fur 
by Profeffor Scherffers theory ; of which the reader 
will find, .we hope, a perfpicuous view under Accidental 
Colours in this Supplement. 

SHAGREEN, or Chagrin, in commerce, a kind 
of grained leather ; of the procefs of preparing which, 
we gave the belt account that we could then find in the 
Encyclopaedia. That account, however, as we learn from 
Profeffor Pallas, is very defedlive. He fays, indeed, that 
no accurate account of it has ever been publilhed in 
Europe previous to his own ; of which we fiiall now 
lay an abridgment before our readers. 

“ All kinds of horfes or affes Ikin, which have been 
dreffed in fuch a manner as to appear grained, are, by 
the Tartars, called fauwer, by the Pcrfians fogre, and 
by the Turks fagri, from which the Europeans have 
made Jlnigrcen or chagrin. The Tartars who refide at 
Aftracan, with a few of the Armenians of that city, 
are the only people in the Ruffian empire acquainted 
with the art of making ffiagreen. Thofe who follow 
this occupation not only gain confiderable profit by the 
fale of their produdf ion to the Tartars of Cuban, Aftra- 
'can, and Cafan, who ornament with it their Turkey 
leather boots, flippers, and other articles made of lea- 
ther, but they derive conflderable advantage from the 
great fale of horfes hides, which have undergone no 
other procefs than that of being feraped clean, and of 
which feveral thoufands are annually exported, at the 
rate of from 75 to 85 roubles per hundred 1.0 Perfla, 
where there is a fcarcity of fuch hides, and from which 
the greater part of the Ihagreen manufadtured in that 
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* Phil tTravf. 
1794, 
p. 107. 
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country is prepared. The hind part only of the hide, 
however, which is cut out in the form of a crefcent 
about a Ruffian ell and a half in length acrofs the loins, 
and a fhort eli in breadth along the back, can properly 
be employed for fliagreen. The remaining part, as is 
proved by experience, is improper for that purpofe, and 
is therefore rejefted. 

“ The preparation of the ffiins, after being cut into 
the above form, is as follows They are depolked in 
a tub tilled with pure water, and fuffered to remain 
there for feveral days, till they are thoroughly foaked, 
and the hair has dropped ofl. They are then taken 
from the tub, one by one, extended on boards placed 
in an oblique direction againff a wall, the corners of 
them, which reach beyond the edges of the board, be- 
ing made faft, and the hair with the epidermis is then 
feraped off with a blunt ibori feraper called urah. The 
fkins thus cleaned are again put in pure water to foak. 
When all the Ikins have undergone this part of the pro- 
cefs, they are taken from the water a fecund time, fpread 
out one after the other as before, and the fleffi fide is 
feraped with the fame kind of inllrument. They are 
carefully cleaned alfo on the hair fide, fo that nothing 
remains but the pure fibrous tiffue, which ferves for 
making parchment, confifting of coats of white medul- 
lary fibres, and which has a refemblance to a fwine’s 
bladder foftened in water. 

“ After this preparation, the workmen take a cer- 
tain kind of frames called palzl, made of a ftraight and 
a femicircular piece of wood, having nearly the fame 
form as the Ikins. On thefe the fldns are extended in 
as fmooth and even a manner as poffible by means of 
cords; and during the operation of extending them, 
they are feveral times befprinkled with water, that no 
part of them may be dry, and occafion an unequal ten- 
fion. After they have been all extended on the frames, 
they are again moiftened, and carried into the houfe, 
where the frames are depofited clofe to each other on 
the floor with the flefh fide of the Ikin next the ground. 
The upper fide is then thickly beltrevved with the black 
exceedingly fmooth and hard feeds of a kind of goofe 
foot (cherwpodium album), which the Tartars call alabuta, 
and which grows in abundance, to about the height of 
a man, near the gardens and farms on the fouth fide of 
the Volga ; and that they may make a ftror.g impref- 
fion on the fldns, a piece of felt is fpread over them, 
and the feeds are trod down with the feet, by which 
means they are deeply imprinted into the foft Ikins. 
The frames, without ffiaking the feeds, are then car- 
ried out into the open air, and placed in a reclining po- 
fition againft a wall to diy, the fide covered with the 
feeds being next the wall, in order that it may be Ihel- 
tered from the fun. In this ftate the fldns mull; be left 
feveral days to dry in the fun, until no appearance of 
moilture is oblerved in them, when they are fit to be 
taken from the frames. When the impreffed feeds are 
beat off from the hair fide, it appears full of indenta- 
tions or inequalities, and has acquired that impreffion 
which is to produce the grain of the fliagreen, after the 
fldns have been fubje^ed to the laft fmoothing or fera- 
ping, and have been dipped in a ley, which will be men- 
tioned hereafter, before they receive the dye. 

“ The operation of fmoothing is performed on an in- 
clined bench or board, which is furnilhed with an iron 
hook, and is covered with thick felt of Iheep’s wool, 

on 
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ShawOT. on which the dry Ikin may gently reft. The Ikin is 
r - -y  fufpended in the middle of the bench or board to its 

iron hook, by means of one of the Wes made in the 
edge of the fl<in for extending it in its frame as betoie 
mentioned ; and a cord, having at its extremity a Hone 
or a weight, is attached to each end of the Ikin, to 
keep it in its pofition while under the hands of the 
workman. It is then fubje&ed to the operation of 
fmoothing and fcraping by means of two differeui in* 
ftruments. The firft ufed for this purpofe, called by 
the Tartars fotar, is a piece of fharp iron bent Hkc a 
hook, with which the furface of the fhagreen is pretty 
clofely fcraped to remove all the projecting inequalities. 
This operation, on account of the corneous hardnefs of 
the dry (kin, is attended with fome difficulty ; and 
great caution is at the fame time required that too 
much of the impreffion of the alaluta feed be not de- 
ftroyed, which might be the cafe if the iron were kept 
too {harp. As the iron, however, is pretty blunt, which 
occafions inequalities on the ffiagreen, this inconvenience 
muft afterwards be remedied by means of a (harp fcra- 
ping iron or uruk, by which the furface acquues a pei- 
fecft uniformity, and only faint impreffions of the alabulci 
feed then remain, and fuch as the workman wifhes. Af- 
ter all thefc operations, the fhagreen is again put into 
water, partly to make it pliable, and partly to raife the 
grain. As the feeds occafion indentations in the fui- 
face of the fkin, the intermediate fpaces, by the opera- 
tions of fmoothing and fcraping, lofe fome part of their 
projefting fubflance ; but the points which have been 
deprefled, and which have loft none of theii fubftance, 
now fwell up above the fcraped parts, and thus form the 
orain of the fhagreen. To produce this effect, the fkins 
are left to foak in water for 24 hours ; after which they 
are immerfed feveral times in a ftrong warm ley, ob- 
tained, by boiling, from a ftrong alkaline earth named 
Jchora, which is found in great abundance in the neigh- 
bourhood of Aftracam When the fid ns have been ta- 
ken from this ley, they are piled up, while warm, on 
each other, and fuffered to remain in that {late feveral 
hours ; by which means they fwell, and become foft. 
They are then left 24 hours in a moderately ftrong 
pickle of common fait, which renders them exceedingly 
white and beautiful, and fit for receiving any colour. 
The colour molt ufual for thefe fkins is a fea-green ; 
but old experienced workmen'can dye them blue, icd, 
or black, and even make white fhagreen. 

“ For the green colour nothing is neceffary hut filings 
of copper and fal ammoniac. Sal ammoniac is diffolved 
in water till the water is completely faturated ; and the 
fhagreen fkins, (till moift, after being taken from the 
pickle, are wadied over with the folution on the un- 
grained fleih fide, and when well moiitened a thick lay- 
er of copper filings is ftrewed over them : the fkins aic 
then folded double, fo that the fide covered with the 
filings is innermoft. Each fkin is then rolled up in a 
piece of felt ; the rolls are all ranged together in pro- 
per order, and they are prefled down in an uniform 
manner by fome heavy bodies placed over them, under 
which they remain 24 hours. During that period, the 
folution of fal ammoniac diffolves a quantity of the cu- 
preous particles fuffieient to penetrate the fkin, and to 
give it a fea-green colour. If the firfl application be 
not fufficient, the process is repeated in the fame man- 
ner ; after which the fkins are fpre&d out and dried. 
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« iror the blue dye, indigo is ufed. About two 

pounds of it, reduced to a fine powder, are put into a 
kettle ; cold water is poured over it, and the ir:ixi.ure 
is ftirred round till the colour begins to be difTolved. 
Five pounds of pounded a!akar, which is a kind of 
barilla or crude foda, prepared by the Armenians and 
Calmues, is then diflolved in it, with two pounds cf 
lime and a pound of pure honey, and the whole is kept 
feveral days in the fun, and during that time frequently 
llirred round. The fkins intended to be dyed blue mull 
be moiftened only in the natrous ley fchora, but not in 
the fait brine. When ftill moitt, they are folded up 
and (hewed together at the edge, the fleffi fide being in- 
nermoft, and the fhagreened hair fide outwards ; after 
which they are dipped three times in the remains of an 
exhaufted kettle of the fame dye, the fuperfluous dye 
being each time exprefled ; and after this procefs they 
are dipped in the frefh dye prepared as above, which 
muft not be exprefied. The fkins are then hung up in 
the (hade to dry ; after which they are cleaned and 
paired at the edges. 

“ For black ihagre-m, gall-nuts and vitriol are em- 
ployed in the following manner :—The {kins, moift from 
the pickle, are thickly beftrewed with finely pulverifed 
gall-nuts. They are then folded together, and laid oyer 
each other for 24 hours. A new ley, ot bitter faline 
earth or febora, is in the mean time prepared, and pour- 
ed hot into fmall troughs. In this ley each (kin is fe- 
veral times dipped ; after which they are again beftrew- 
ed with pounded gall-nuts, and placed in heaps for a 
certain period, that the galls may thoroughly penetrate 
them, and they are dried and beat, to free them from 
the duft of the galls. When this is done, they are 
rubbed over> on the ffiagreen fide, with melted {beep’s 
tallow, and expofed a little in the fun, that they may 
imbibe the greafe. The ffiagreen-makers are accuftom- 
ed alfo to roll up each {kin feparately, and to prefs or 
fqueeze it with their hands ngainft feme hard tubftance, 
in order to promote the ahforption of the tallow. The 
fuperlluous particles are removed by means of a blunt 
wooden feraper (urac) : and when this procefs is finifh- 
ed, and the ikins have lain fome time, a lufficient quan- 
tity of vitriol of iron is diftblved in water, with which 
the fiiagreen is moiftened on both fides, and by this 
operation it acquires a beautiful black dye. It is then 
drefted at the edges, and in . other places where there 
are any blemifhes. 

“ To obtain white fiiagreen, the {kins muft nrft he 
moiftened on the ffiagreen fide with a ftrong folution 
of alum. When the {kin lias imbibed this liquor, it is 
daubed over on both fides with a pafte made of flour, 
which is fuffered to dry. The pafte is then vvaflied off 
with alum-water, and the flein is placed in the fun till 
it is completely dry. As foon as it is diy, it is gently 
befmeared with pure melted {beep’s tallow, which it is 
fuffered to imbibe in the fun ; and to promote the ct- 
fe£l, it is preffed and worked with the hands. The 
{kins are then fattened in fucceffion to the before men- 
tioned bench, where warm water is poured over them, 
and the fuperfluous fat is fcraped off with a blunt wood- 
en inftrument. In the laft operation the warm water 
is of great fervice. In this manner {hagreen perfe&ly 
white is obtained, and nothing remains but to pare the 
edges and drefs it. 

« gut this white fhagreen is not intended fo much 
for- 
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Shagreen, for remaining in that (late, as for receiving a dark red 

Sharp, jyg . becaufe, by the above previous procefs, the co- 
* r lour becomes much more perfedl. The fkins dellined 

for a red colour mufh not be immerfed firft in ley of 
bitter fait earth (fchora), and then in pickle, but after 
they have been whitened, mull be left to loak in the 
pickle for 24 hours. The dye is prepared from cochi- 
neal, which the Tartars call kirmitz. About a pound 
of the dried herb tfchagarin, which grows in great abun- 
dance in the neighbourhood of Aftracan, and is a kind 
of foda plant or kali (falfola ericoides (a), is boiled a 
full hour in a kettle containing about four common 
pailfuls of water ; by which means the water acquires a 
greenifh colour. The herb is then taken out, and about 
half a pound of pounded cochineal is put into the kettle, 
and the liquor is left to boil a full hour, care being ta- 
ken to ftir it that it may not run over. About 15 or 
20 drams of a fubftance which the dyers call litter (or- 
chilla) is added, and when the liquor has been boiled 
for fome time longer, the kettle is removed from the 
fire. The (kins taken from the pickle are then placed 
over each other in troughs, and the dye-liquor is pour- 
ed over them four different times, and-rubbed into them 
with the hands, that the colour may be equally imbibed 
and diffufed. The liquor each time is exprefi'ed ; after 
which they' are fit for being dried. Skins prepared in 
this manner are fold at a much dearer rate than any of 
the other kinds.'’ 

SHARP (Abraham), an eminent mathematician, 
mechanift, and aftronomer, was defcended from an an- 
cient family at Little Horton, near Bradford, in the 
Weft Riding of Yorkfhire, vehere he was born about 
the year 1651. At a proper age he was put appren- 
tice to a merchant at Manchefter; but his genius led 
him fo ftrongly to the ftudy of mathematics, both theo- 
retical and practical, that he foon became uneafy in 
that fituation of life. By the mutual confent, there- 
fore, of his matter and himfelf, though not altogether 
with that of his father, he quitted the bufinefs of a mer- 
chant. Upon this he removed to Liverpool, where he 
gave himfelf up wholly to the ftudy of mathematics, 
aftronomy, &c. ; and where, for a fubfiftence, he open- 
ed a fchool, and taught writing and accounts, &c. 

He had not been long at Liverpool when he acci- 
dentally' fell in company with a merchant or tradefman 
vifiting that town from London, in whofe houfe it feems 
the aftronomer Mr Flamfteed then lodged. With the 
view therefore of becoming acquainted with this emi- 
nent man, Mr Sharp engaged himfelf with the mer- 
chant as a book-keeper. In confequence he foon con- 
tradled an intimate acquaintance and fn’endfhip with 
Mr Flamfteed, by whofe intereft and recommendation 
he obtained a more profitable employment in the dock- 
yard at Chatham ; where he continued till his friend 
and patron, knowing his great merit in aftronomy and 
mechanics, called him to his afiidance, in contriving, a- 
dapting, and fitting up the allronomical apparatus in 
the Royal Obfervatory at Greenwich, which had been 
lately built, namely, about the year 1676. He was 
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principally employed in the conftru&ion of the mural Sharp, 
arch ; which in the compafs of 14 months he finifhed 
fo greatly to the fatisfa&ion of Mr Flamfteed, that he 
fpeaks of him in terms of the higheft praife. Accord- 
ing to Mr Smeaton, this was the firft good and valid 
inftrument of the kind ; and Mr Sharp the firft artift 
who cut accurate and delicate divifions upon aftrono- 
mical inftruments. At the time this inftrument was 
conftru&ed, Mr Flamfteed was 30 and Mr Sharp 25 
years of age. 

Thefe two friends continued together for fome time, 
making obfervations on the meridional zenith diftances 
of the fixed ftars, fun, moon, and planets, with the 
times of their tranfits over the meridian ; alfo the dia- 
meters of the fun and moon, and their eclipfes, with 
thole of Jupiter’s fatellites, the variation of the com- 
pafs, &c. 

Mr Sharp affifted Mr Flamfteed alfo in making a ca- 
talogue of near 3000 fixed ftars, with their longitudes 
and magnitudes, their right afcenfions and polar diftan- 
ces, with the variations of the fame while they change 
their longitude by one degree. 

But from the fatigue of continually obferving the 
ftars at night, in a cold thin air, joined to a weakly 
conftitution, he was reduced to a bad ftate of health ; 
for the recovery of which he defired leave to retire to 
his houfe at Horton ; where, as foon as he found him- 
felf on the recovery, he began to fit up an obfervatory 
of his own ; having firft made an elegant and curious 
engine for tutning all kinds of work in wood or brafs, 
with a maundril for turning irregular figures, as ovals, 
rofes, wreathed pillars, &c. Befide thefe, he made him- 
felf moft of the tools ufed by joiners, clockmakers, op- 
ticians, mathematical inftrument makers, &c. The limbs 
or arcs of his large equatorial inftrument, fextant, qua- 
drant, &c. he graduated with the niceft accuracy, by 
diagonal divifions into degrees and minutes. The te- 
lefcopes he made ufe of were all of his own making, 
and the lenfes ground, figured, and adjufted with his 
own hands. 

It was at this time that he afiifted Mr Flamfteed in 
calculating moft of the tables in the fecond volume of 
his Htflor'ia Calejlis, as appears by their letters, to be 
feen in the hands of Mr Sharp’s friends at Horton. 
Likewife the curious drawings of the charts of all the 
conftellations vifible in our hemifphere, with the ftill 
more excellent drawings of the planifpheres both of the 
northern and fouthern conftellations. And though thefe 
drawings of the conftellations were fent to be engraved 
at Amfterdam by a marfterly hand, yet the originals far 
exceeded the engravings in point of beauty and ele- 
gance : thefe were publifhed by Mr Flamfteed, and 
both copies may be feen at Horton. 

The mathematician, fays Dr Hutton, meets with 
fomething extraordinary in Sharp’s elaborate treatife of 
Geometry Improved (in qto, 1717, iigned A. S. Philo- 
math) : 1 ft, by a large and accurate table of fegments of 
circles, its conftrudtion and various ufes in the folution 
of feveral difficult problems, with compendious tables 

(a) The beautiful red Turkey leather is dyed with cochineal prepared in the fame manner. Profeflbr Gme- 
lin junior, in the fecond part of his Travels through Ruffia, explains the herb tfchagann by artemifta annua, ha-r 
ving doubtlefs been deceived by the appearance the plant acquires after it has been dried. Befides, this artemifta 
is found only in the middle of Siberia, and never on the weft fide of the Irtifch. 

[ 5°4 ] 



s II A C 505 ] s H E 
Sharp, for finding a true proportional part ; and their ufe in 
—-y—— thefe or any other tables exemplified in making loga- 

rithms, or their natural numbers, to 60 places of figures; 
there being a table of them for all primes to 1100, 
true to 61 figures. 2d, His concife treatife of Polye- 
dra, or folid bodies of many bafes, both the regular 
ones and others: to which are added twelve new ones, 
with various methods of forming them, and their exadt 
dimenfions in furds, or fpecies, and in numbers ; illuf- 
trated with a variety of copperplates, neatly engraved 
by his own hands. Alfo the models of thefe polyedra 
he cut out in boxwood with amazing neatnefs and ac- 
curacy. Indeed few or none of the mathematical in- 
llrument makers could exceed him in exadlly gradua- 
ting or neatly engraving any mathematical or aftrono- 
mical inftrument, as may be feen in the equatorial in- 
ftrument above mentioned, or in his fextant, quadrants, 
and dials of various forts ; alfo in a curious armillary 
fphere, which, befide the common properties, has move- 
able circles, &c. for exhibiting and refolving all fpheri- 
cal triangles ; alfo his double fedlor, with many other 
inftruments, all contrived, graduated, and finifhed, in a 
mod elegant manner, by himfelf. In fiiort, he poffefied 
at once a remarkably clear head for contriving, and an 
extraordinary hand for executing, any thing, not only 
in mechanics, but likewife in drawing, writing, and ma- 
king the mod exadt and beautiful fchemes or figures in 
all his calculations and geometrical condrudlions. 

The quadrature of the circle was undertaken by him 
for his own private amufement in the year 1699, de- 
duced from two different feries, by which the truth of 
it was proved to 72 places of figures ; as may be feen 
in the introduftion to Sherwin’s Tables of Logarithms; 
that is, if the diameter of a circle be 1, the circumfe- 
rence will be found equal to 3'i41592653589793238 
46264338327950288+197(693993751058209749445 
92307816405, &c. In the fame book of Sherwin’s 
may alfo be feen his ingenious improvements on the 
making of logarithms, and the condrudting of the na- 
tural fines, tangents, and fecants. 

He alfo calculated the natural and logarithmic fines, 
tangents, and fecants, to every fecond in the fird mi- 
nute of the quadrant ; the laborious invedigation of 
which may probably be feen in the archives of the 
Roynl Society, as they were prefented to Mr Patrick 
Murdoch for that purpofe ; exhibiting his very neat 
and accurate manner of writing and arranging his fi- 
gures, not to be equalled perhaps by the bed penman 
now living. 

Mr Sharp kept up a correfpondence by letters with 
mod of the eminent mathematicians and adronomers of 
his time, as Mr Flamdeed, Sir Ifaac Newton, Dr Hal- 
ley, Dr Wallis, Mr Hodgfon, Mr Sherwin, &c. the an- 
fwers to which letters are all written upon the backs, 
or empty fpaces, of the letters he received, in a fhort- 
hand of his own contrivance. From a great variety of 
letters (of which a large chedful remain with his friends) 
from thefe and many other celebrated mathematicians, 
it is evident that Mr Sharp fpared neither pains nor 
time to promote real fcience. indeed, being one of the 
mod accurate and indefatigable computers that ever ex- 
ifted, he was for many years the common rcfource for 
Mr Flamdeed, Sir Jonas Moore, Dr Halley, and others, 
m all forts of troublefome and delicate calculations. 

Mr Sharp continued all his life a bachelor, and fpent 
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his time as reclufe as a hermit. He was of a middle Sharp 
dature, but very thin, being of a weakly conditution. 
He was remarkably feeble the lad three or four years 6 ^31- 
before he died, which was on the 18th of July 1742, 
in the 91 d year of his age. 

In his retirement at Little Horton, he employed 
four or five rooms or apartments in his heufe for diffe- 
rent purpofes, into which none of his family could poi- 
fibly enter at any time without his permifiion. He was 
ieldom vifited by any perfons, except two gentlemen of 
Bradford, the one a mathematician, and the other an 
ingenious apothecary ; thefe were admitted, when he 
chofe to be feen by them, by the fignal of rubbing a 
done againd a certain part of the outiide wall of the 
houfe. He duly attended the diffenting chapel at Brad- 
ford, of which he was a member, every Sunday ; at 
which time he took care to be provided with plenty of 
halfpence, which he very charitably fuffered to be taken 
fingly out of his hand, held behind him during his walk 
to the chapel, by a number of poor people who follow- 
ed him, without his ever looking back, or afking a 
Tingle quedion. 

Mr Sharp was very irregular as to his meals, ami 
remarkably fparing in his diet; which he frequently took 
in the following manner. A little fquare hole, fome- 
thing like a window, made a communication between 
the room where he was ufually employed in calculations, 
and another chamber or room in the houfe where a fer- 
vant could enter; and before this hole he had contrived 
a Hiding board : the fervant always placed his viftuals 
in this hole, without fpeaking or making any the lead 
noife ; and when he had a little leifure, he vifited his 
cupboard to fee what it afforded to fatisfy his hunger 
or third. But it often happened, that the breakfad, 
dinner, and fupper, have remained untouched by him, 
when the fervant has gone to remove what W'as left — 
fo deeply engaged had he been in calculations. 

SHARPS in flour, the finer part of what we have 
denominated Pollards. See that article, Sujp/. 

SHASTAH, the fame as Shaster ; which fee, 
Encycl. 

SHEA, the name of a tree, from the fruit of which 
the Negroes, in the interior parts of Africa between 
the tropics, prepare a kind of vegetable butter. Thefe 
trees are not planted by the natives, but are found 
growing naturally in the w'oods ; and in clearing wood 
land for cultivation, every tree is cut down but the 
Shea. The tree itfelf very much refembles the Ameri- 
can oak ; and the fruit, from the kernel of which be- 
ing fird dried in the fun the butter is prepared, by 
boiling the kernel in w’ater, has fomewhat the appear- 
ance of a Spanidi olive. The kernel is enveloped in a 
fweet pulp, under a thin green rind ; and the butter 
produced from it, belides the advantage of its keeping 
the whole year withput fait, is whiter, firmer, and, Mr 
Park fays, to his palate, of a richer flavour than the 
belt butter w hich he ever tailed made from cows milk. 
The growth and preparation of this commodity, feera 
to be among the firil objects of African indudry in 
this and the neighbouring dates ; and it conditutes a 
main article of their inland commerce. In fome places 
they dry the fruit in kilns, containing each about half 
a cart load of fruit, under which is kept up a clear 
wood fire. Our author, w'ho faw the fruit in one of 
thefe kilns, was informed, that in three days the fruit 

3 S would 



SHE l JoG 1 SHE 
Sheave, would be ready for pounding and boiling ; and that the 

shebbeare. butter thus manufadured is preferable to that which 
v is prepared from fruit dried in the fun ; efpecially in 

the rainy feafon, when the procefs by infolation is al- 
ways tedious, and oftentimes ineffeftual. Might it not 
be worth while, if prafticable, to cultivate Shea-trees 
in fome of our Well India illands ? 

SHEAVE, in mechanics, a foil'd cylindrical wheel, 
fixed ii1 a channel, and moveable about an axis, as be- 
ing ufed to raife or increafe the mechanical powers ap- 
plied to remove any body, 

SHEBBEARE (John) was born at Bideford, a 
considerable fea port and corporation town in Devon- 
fliire, in the year i7°9* father was an attorney ; 
but having fmall practice and little fortune, he carried 
on alfo the bulinefs of a corn-fadtor. He had four 
children, two fons and two daughters. Of the fons, 
John, the fubjeft of our prefent memoir, was the eldeft. 
The other fon was called Richard, and entirely the re- 
vcrfe of his brother in difpofition ; he was bred to the 
fea, and died young. 

John received the rudiments of his education at the 
free grammar fchool of Exeter, then conducted by the 
learned Mr Zachary Mudge (author of an Effay for 
a new Verfion of the Pfalms, and a volume of excellent 
Sermons), afterwards Redtor of St Andrew in Ply- 
mouth. It has oftentimes been remarked, that the fu- 
ture life of a man may be nearly guefled at from his 
puerile character. Thus Shebbeare, while a fchool- 
boy, gave the flrongeft indications of his future emi- 
nence in mifanthropy and literature, by the remarkable 
tenacioufnefs of his memory, and the readinefs of his 
wit, and no lefs fo by the malignity of his difpofition ; 
being univerfally confidered as a lad of furprifing ge- 
nius, while at the fame time he was as generally defpifed 
for his malicious and ungrateful temper. Phis may ea- 
fily be believed, when it is faid, that he formed not one 
connexion, either at fchool or afterwards, with any per- 
fon in the way of friendfhip, except with a young bar- 
ber of an abandoned charafter, but whofe foul was per- 
ftftly congenial to that of Shebbeare’s. 

Such is the account of Shebbeare’s boyilh years which 
we have in the 14th volume of the European Maga%ine. 
It is probably much exaggerated ; for Shebbeare con- 
tinued through life a Haunch Tory, if not a Jacobite ; 
and it is well known that many of our journalifts confider 
themfelves as at liberty to give what chara&ers they 
pleafe of fuch men. 

In the fifteenth or fixteenth year of his age, young 
Shebbeare was bound apprentice to a very eminent and 
worthy furgeon in his native town ; in which iitua- 
tion he acquired a coniiderable (hare of medical know- 
ledge. His genius for lampoon appeared at this early 
period, and he could nor forbear from exerciling it on 
his mafter. No one indeed could give him the flighteft. 
offence with impunity ; for which reafon almofl every 
perfon avoided his acquaintance, as we would avoid the 
carefiing of an adder. The chief marks, however, of the 
arrows of his wit were the gentlemen of the corpora- 
tion : one or other, and fometimes all of them, were al- 
xnoil conflantly expofed in a libel upon the public pods 
and corners of the llreets. But though the wifer part 
of them only laughed at thefe harmlefs trifles, yet fome 
were more irritable, and many a profecution was com- 
joenced againft,. but not one could fix itfelf upon him, 

fo artfully had he contrived to conceal himfelf. He Shcblieare, 
was alfo feveral times fummoned to appear at the fef- -—v—' 
fions, for daring to fpeak and write irreverently of the 
worfhipful magiflrates ; but the laugh was always on 
the fide of Shebbeare, nor could they ever come at his 
back, fo clofely had he fitted on his armour, with the 
whip of authority. 

When he was out of his time he fet up trade for 
himfelf, and then fhewed a tafte for chemiflry ; and foon 
after he married a very agreeable and amiable young 
woman, of no fortune, but of a genteel family. Whether 
his infuperable propenfity to fatire deprived him of 
friends and of bufinefs, or that he fpent too much in 
chemical experiments, we know not ; but failing at 
Bideford, he removed, about the year <736, to Briflol, 
where he entered into partnerfhip with a chemifl, and 
never afterwards fet his foot in his native town. 

In the year T739 he attra&ed the attention of the 
public, by an epitaph to the memory of Thomas 
Cofler, Efq. member for Briftol; in which, it has been 
truly obferved, that he has contrived to raife emotions 
of pity, grief, and indignation, to a very high degree. 
The nextvyear he publifhed a pamphlet on the Briflol 
waters; from which period there is a chafm in our au- 
thor’s life we are unable to fill up. In this interval 
may probably he placed his failure in bufinefs, and his 
effort to obtain a higher fituation in his profeffion. It 
is certain that in the year 1752 he was at Paris, and 
there he obtained the degree, if he obtained it at all, 
which gave him the addition to his name which accom- 
panied him during the reft of his life, that of Dodlor. 
Until this time he appears to have lived in obfeurity ; 
but at an age when vigorous exertion ufually fubfides, 
he feems to have refolved to place himfelf in a confpi- 
cuous fituation, whatever hazard might attend it, and 
commenced a public writer with a degree of celerity 
and virulence for which it would be difficult to find a 
parallel even in the molt temperate times. To read 
over his works now, when the paflions they then raifed 
have fubfided, we feel furprife at the effeft they pro- 
duced ; and it is within the memory of many yet living, 
that their influence was very confiderable. In the year 
1754, he began his career with The Marriage Aft, a 
political novel ; in which he treated the legiflature with 
fuch freedom, that it occasioned his being taken into 
cultody, from whence, however, he was foon releafed. 

The performances, however, mofl celebrated, were a 
feries of Letters to the People of England, which were 
written in a flyle vigorous and energetic, though 
flovenly and carelefs, well calculated to make an im- 
preffion on common readers ; and were accordingly 
read with avidity, and circulated with diligence. They 
had a very confiderable effefl on the minds of the 
people, and galled the miniflry, who feem to have been 
at firfl too eager to punifh the author. On the pub-' 
lication of the Third Letter, we find warrants, dated 
4th and 8th of March, 1756, iffued by Lord Hol- 
derneffe, to take up both Scott the puhlifher and the 
author. This profecution, however, feems to have 
been dropt, and the culprit proceeded for fome time 
unmolefled, “ having declared (fays one of his anfwer- 
ers) that he would write himfelf into a pofl or into the 
pillory; in the lafl of which he at length fucceeded.’* 
On the 12th of January 1758, a general warrant was 
figned by Lord Hold era efle, to fearch for the author, 
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Sheltoe. printer, and publiOiers of a wicked, audacious, and trea- 
v  fonable libel, entitled, “ A. Sixth Letter to the People 

of England, on the progrefs of national ruin ; in which 
is (hewn that the prefent grandeur of France and cala- 
mities of this nation are owing to the influence of Ha- 
nover on the councils of England and them having 
found, to feize and apprehend, together with their 
books and papers. 

At this jun6ture government feem to have been ef- 
fectually routed ; for having received information that 
a feventh letter was printing, by virtue of another war- 
rant, dated January 23, all the copies were feized and 
entirely fupprefled. In Eafter Term an information 
was tiled againft him by Mr Pratt, then attorney ge- 
neral, afterwards Lord Camden ; in which it is novy 
worthy of remark, that the crown officer, in his appli- 
cation to the court, in exprefs terms admitted a point, 
fmce much difputed, that of the jury’s right to deter- 
mine both the law and the faft in matters of libel. 
“ What I urge (fays the advocate) to the cour^, is 
only to (hew there is reafonable ground for confidering 
this publication as a libel, and for putting it in a way 
of trial, and therefore it is I pray to have the rule made 
abfolute ; for I admit, and 'your lordfliip well knows, 
that the jury in matter of libel are judges of the law as 
well as the fad, and have an undoubted right to con- 
fider whether, upon the whole, the pamphlet in queftion 
be, or be not, a Life, malicious, and fcandalous libel.” 
On the 17th of June, the information was tried, when 
our author was found guilty ; and on the 28th Novem- 
ber he received fenteuce, by wdiich he was lined five 
pounds, ordered to Hand in the pillory December 5, at 
Charing Crofs, to be confined three years, and to give 
fecurity for his good behaviour for feven years, himfelf 
in 50c!. and two others in 250I. each. 

On the day appointed, that part of the fentence 
which doomed him to the pillory was put in execution, 
amidit a prodigious concourfe of people affembled on 
the occafion. The under fheriff, at that time, happened 
to be Mr Beardmore, who had fometimes been afiifted 
by the Doctor in writing the Monitor, a paper in its 
principles of the fame tendency with the writings of 
the culprit, who confequently might expeft every in- 
dulgence from the officer to whom the execution of his 
fentence was committed. The manner in which it was 
conduced may be learned from the affidavits on which 
afterwards the under fheriff’s conduct became the fub- 
ject of animadverfion in the court of King’s Bench, 
and which affert, “ that the defendant only flood upon 
the platform of the pillory, unconfined, and at his eafe, 
attended by a fervant in livery (which fervant and li- 
very were hired for the occafion only) holding an um- 
brella over head all the time : but his head,' hands, 
neck, and arms, were not at all confined, or put into the 
holes of the pillory ; only that he fometimes put his 
hands upon the holes of the pillory in order to reft 
himfelf.” For this negled. of duty, Beardmore was 
fined 50I. and fuffered tu'o months imprifonment. 

Some time before he was tried for the obnoxious 
publication already mentioned, the Duchefs of Queenf- 
bury, as heir of Lord Clarendon, obtained an injun&ion 
in the Court of Chancery to flop the publication of the 
continuation of that nobleman’s hiftory ; a copy of 
which had got into the hands of Francis Gwyn, Efq. 
between whom and the Do&or there had been an 

agreement to publifli it and equally divide the profits. 
The care and expences attending the uftiering this 
work into the world were to he wholly Dr Sheb- 
beare’s, who performed his part of the agreement, and 
caufed it to be handfomely printed in qilarto, with a 
Tory preface, containing frequent refleftions on, and 
allufions to recent events, and to living charadlers, 
which gave it the appearance rather of a temporary 
pamphlet than of a work calculated for pofterity. On 
the injunction being obtained, Dr Shebbeare was un- 
der the necefiity of applying to the aid of law to re- 
cover the money expended by him in printing, amount- 
ing to more than 500I. Of that fum more than half 
had been wafted on his fide in the courts of law and 
equity. And fome years afterwards, fpeaking of the 
fituation of his affairs, he fays, “ It may be eafily ima- 
gined, that my circumilances were not improved by 
three years irnprifonment. J had no club of partizans 
to maintain me during that time, to difeharge my 
debts, nor even the fine, which I was obliged to pay 
after a three years confinement for a (ingle offence, 
Notwithftanding the difficulties which inevitably arofe 
from thefe particulars, and although an infolvcnt aCt 
was paffed foon after his Majefty’s acceffion to the 
throne, and my circumflances might have apologiled for 
my taking that opportunity which it offered ; I never- 
thelefs declined from availing myfelf of that occafion 
to evade the payment of my debts. I preferred the 
labour of endeavouring to pay them, and the rifle of 
being again imprifoned if I did not fucceed. But, 
thank Heaven, I am in no danger of a fecond imprifon- 
ment on that account.” During his confinement, he 
declares he never received as prefents more than twenty 
guines from all the world. 

While he was confined in the King's Bench, he fo- 
licited fubferiptions for the firft volume of a Hiftory of 
England, from the Revolution to the then prelent 
time. But at the perfuafion of his friends he was in- 
duced to alter his defign, and receipts were iffued for a 
firft volume of the Hiftory of England, and of the 
Conftitution thereof from its origin. That volume he 
wrote, and had tranferibed. “ But as it was impracti- 
cable (to ufe his own words), whilft I was in confine- 
ment, to procure that variety of'books, or to apply to 
manufeript authorities, for all that was requifite to the 
completing of this firft volume, I found on being relea- 
fed from my imprifonment, and on application to the 
former only, that the volume which I had written was 
incorreCt, irifufficient, and erroneous, in too many par- 
ticulars, to admit of its being publilhed, without in- 
juftice to my fubferibers, and repreheufions on myfelf. 
Into this difpleafing fituation I had been mifled by re- 
lying on the authorkies of modern hiftorians, who pre- 
tend to cite the authors from whence their materials 
are taken, many of whom appear never to have feen 
them, but implicitly to have copied one another, and 
all of them manifeftly defe&ive; not only in the autho- 
rities they (hould have fought, but in their omiffions 
and mifreprefentations of thofe whom they had confult- 
ed : more efpecially refpeCling thofe parts of the old 
German codes, on which our conftitution is ereCled, 
and without which it cannot be properly explained or 
underftood. Such being the real fituation of things, I 
perceived that more time than I could expeft to live 
would be necefiarily required for fo extenfive a work as 
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SheVbeare. the whole hiflory I had propofed; and that a Tingle 

volume, 01* even a few volumes of an hiftory incomplete, 
would by no means anfvver either the intention of my 
fubfcribers, or my own : I determined therefore to 
change my plan, and to include in one volume that 
which might require no others to complete this new 
defign. 

“ In confequence of this alteration, I refolved to 
exert my belt abilities, not only to trace the conftitu- 
tion of England from its origin in the woods of Ger- 
many, as M. de Montefquieu exprefles it, but from the 
hrfl: principles of human nature, from which the forma- 
tion of all kinds of government is derived. With this 
view, I have attempted an analyzation of the mental 
and corporeal faculties, in order to Ihew in what man- 
ner they reciprocally influence each other in the va- 
rious aftions of man, not only as an individual, but 
as a gregarious being, impelled by nature to affociate 
in communities. From hence I have attempted to de- 
lineate in what manner legiflature fprang and proceeded 
from itsfource, through that variety of meanders which 
it hath formed in its current, both before and fince the 
introduction of one common fign, whereby to exprefs 
the intrinfic value, not only of all the productions of 
nature and of art, but even of the human faculties, as 
they are now eflimated ; to compare the con flit utions 
of thofe different Hates which have been, and are the 
rnoft celebrated in ancient and modern hiftory, with 
each other, and with that of England ; and then to de- 
rive fame reafonable grounds for the determination of 
that which Teems to be the mod confentaneous with 
the primogenial inftitutes of nature, and the happinefs 
of human kind. In confequence of this intent, the 
manners that fucceffively arofe and prevailed in filch 
dates, the benefits and mifchiefs which enfued from 
them, are delineated, in order to explain on what foun- 
dation the welfare of national communities may moft 
probably be eftablifhed.” 

This plan, thus delineated, he at times employed him- 
felf in filling up ; but on being rudely attacked for not 
performing his promife with his fubfcribers, he, in 
i 774> obferved—“ From the inevitable obligations, not 
only of fupporting my own family, but thofe alfo whom 
as Ion and brother it was my duty to fuftain for forty 
years, and which, refpe&ing the claims of the latter, 
ftill continues ; it will be eafily difcerned that many an 
avocation muft have proceeded from thefe circumftances, 
as well as from a fenfe of gratitude to his majefty, in 
defence of whofe government I have thought it my 
duty occafionally to exert my bell abilities.” He adds, 
however, that he did not intend to die until what he 
had propofed was finifhed ; a promife which the event 
has ftiewn he was unable to perform. 

In prifon he was detained during the whole time of 
the fentence, and with fome degree of rigour ; for when 
his life was in danger from an ill ftate of health, and 
he applied to the court of King’s Bench for permiflion 
to be carried into the rules a few hours in a day, tho’ 
Lord Mansfield acceded to the petition, yet the prayer 
of it was denied and defeated by Judge Fuller. At 
the expiration of the time of his fentence, a new reign 
had commenced ; and Ihortly afterwards, during the ad- 
rniniftration of Mr Grenville, a penfion was granted him 
by the crown. This he obtained by the perfonal ap- 
plication of Sir John Philips to the King, who, on that 
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occafion, was pleafed to fpeak of him in very favour-Shebheare, 
able terms, which he prorniled undeviatingly to endea- “ 
vour to deferve by allegiance and gratitude. 

From the time of that event we find Dr Shebbeare 
a uniform defender of the meafures of Government, 
and the mark again ft whom every oppofer of adminiftra- 
tion confidered himfelf at liberty to throw out the 
grofleft abufe. Even the friends of power were often 
adverfe to him. Dr Smollet introduced him in no very 
refpeftful light, under the name of Ferret, in the novel 
of Sir Laurrcelot Greaves, and Mr Hogarth made him 
one of the group in the third de£lion print. 

Scarce a periodical publication was without fome 
abufe of him, which he Teems to have in general had 
tlie good fenfe to negleft. In the year 1774, how- 
ever, he departed from his general pradlice, and defend- 
ed himfelf from fome attacks at that time made upon 
ln’m. In this pamphlet he reprefented the condutl and 
chara£ler of King William in fuch a light as to excite 
the indignation of every Whig in the kingdom : he 
treated him in print with as great feverity as Johnfon 
ufed to do in converfation. 

Early in life he appears to have written a comedy, 
which in 1766 he made an effort to get reprefented at 
Covent Garden. In 1768 he wrote the Review of 
Books in the Political Regifter for three months, and 
was often engaged to write for particular perfons, with 
whom he frequently quarrelled when he came to be 
paid. This was the cafe with Sir Robert Fletcher, 
and we think of others. His pen feems to have been 
conftantly employed, and he wrote with great rapidity, 
what certainly can now be read with little fatisfadlion, 
and muft Toon be forgotten. Though penfioned by 
government, he can fcarce be faid to have renounced 
his opinions ; for in the pamphlet already mentioned, 
his abufe of the Revolution is as grofs as in that for 
which he fuffered the pillory. His violence defeated his 
own purpofe, and made thofe who agreed in party with 
him revolt from the virulence with which he treated 
his adverfaries. D uring the latter years of his life he 
feems to have written but little. He was a ftrenuous 
fupporter of the miniftry during the American war, ha- 
ving publifhed, in 1775, Anfwer to the printed 
Speech of Edmund Burke, Efq; fpoken in the Houfe 
of Commons, April 19, 1774. In which his know- 
ledge in polity, legiflature, human kind, hiftory, com- 
merce, and finance, is candidly examined ; his arguments 
re fairly refuted ; the conduA of adminiftration is fully 
defended ; and his oratoric talents are clearly expofed 
to view.—And An Effay on the Origin, Progrefs, and 
Eftabliflimcnt of National Society; in which the prin- 
ciples of Government, the definitions of phyfical, moral, 
civil, and religious Liberty contained in Dr Price’s Ob- 
fervations, &c. are fairly examined, and fully refuted ; 
together with a juftification of the Legiflature in redu- 
cing America to obedience by force. To which is 
added, an Appendix on the Excellent and Admirable 
in Mr Burke’s fecond printed Speech of the 22d of 
March 1775, both 8vo. 

His publications, fatirical, political, and medical, 
amount to thirty-four, befides a novel, entitled Lydia, 
or Filial Piety; in which religious hypocrify and blufter- 
ing courage are very properly chaftifed. He died on 
the 1 ft of Auguft 1788, leaving, among thofe who 
knew him beft, the charadler of a benevolent man ; a 
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Sheers chara&er which, from the manner in which he fpeaks 

li of his conneftions, he probably deferved. 
Ship. SHEERS, aboard a (hip, an engine ufed to hoift or 

' v difplace tlie lower mafts of a fhip. 
SHEIBON, a diftrift in Africa, lying to the fouth- 

eaft. of the kingdom of Dar-Fur (See Soudan in this 
volume), where much gold is found both in dull and in 
fmall pieces. The natives, who are idolaters and la- 
vages, colleft the dull in quills of the oftrich and vul- 
ture, and in that condition fell it to the merchants. 
They have a ceremony on difcovering a large piece of 
gold, of killing a Iheep on it before they remove it. 
The people, who are all black, have fome form of mar- 
riage, i. e. of an agreement between man and woman 
to cohabit. Women of full age wear a piece of plaited 
grafs on their parts. The younger and unmarried are 
quite naked. The Haves, which are brought in great 
mimbers from this quarter, are fome priloners of war 
among themfelves (for their wars are frequent), and 
fome feduced by treachery, and fold. But it is laid to 
be a common pradtice for a father in time of fcarcity to 
fell his children. 

At Sheibon are fome Mahommedans, w'ho live among 
the idolaters, and wear clothing : it is not faid whether 
Arabs or not. Mr Browne, from whofe travels we 
have taken this account of Sheibon, does not give its 
latitude or longitude. 

SH1LLUK, a town in Africa on the banks of the 
Bahr-el-abiad, or true Nile. rl he houles are built of 

'clay, and the inhabitants, who are idolaters, have no 
other clothing than bands of long grafs, which they 
pafs round the waift and between the thighs. They 
are all black ; both fexes are accuftomed to {have their 
heads. The people of Shilluk have the dominion of 
the river, and take toll of all paffengers, in luch articles 
of traffick as pafs among them, d he name Shilluk is 
not Arabic, and its meaning is unknown.—When afk- 
ed concerning their name or country, the people reply 
Shilluk. When employed in tranfporting Mahomme- 
dans acrofs the ferry, they occafionally exhibit the im- 
portance which their fituation gives them. After the 
Muflim has placed himfelf in the boat, they will afk 
him, “ Who is the matter of that river ?” The other 
replies, as is ufual, “ Ullah or Rubbani”— God is the 
matter of it. “ No (anfwers the Shilluk), you mutt 
fay that fuch a one (naming his chief) is the mailer of 
it, or you ttiall not pafs.” Tl hey are reprefented as 
{hewing hofpitality to fuch as come among them in a 
peaceable manner, and as never betraying thofe to 
whom they have once accorded proteftion. i he par- 
ticulars of their worfhip have not been deferibed. In 
Mr Browne’s map, Shilluck is placed in about 13° N. 
X.at. and 26 E. Long. 

SHIP. See that article, and Shipbuilding (En- 
cycl.), and likewife Float 1 kg Bodies (Suppl.) In the 

ratifaBions of the Royal Society of Eondon for 1 79^’ 
Mr Atwood has completed his difquifition on the Stabi- 
lity of Ships ; but as the memoir cannot be abridged, 
we mutt refer the fcientific naval architeft to the original 
for much ufeful information. 

A fmall work has lately been publiihed by Charles 
Gore, Efq: of Weimar in Saxony, upon the refpettive 
Velocity of Floating Bodies varying in Form. It con- 
tains merely the refults of two feries of experiments : 
from the firft of which feries, it Items to appear that 

the form beft calculated for velocity is a long parallel Ship, 
body, terminating at each end in a parabolic cuneus, 
and having the extreme breadth in the centre. Alfo, 
that making the cuncus more obtufe than is neceflary 
to break with fairnefs the curve line into the ftraight, 
creates a confiderable degree of impediment. And Mr 
Gore is inclined to think, that the length of fhips, 
which has already been extended with fuccefs, to four 
times the breadth, is capable, with advantage, of ftill 
further extenfion, perhaps to five, and, in fome cafes, 
even to fix times. 

The fecond fet of experiments was inftituted to af- 
certain the refpettive degrees of {lability, or power of 
refitting the preffure of the wind, in carrying fail, on 
bodies of different forms. The bodies ufed in the ex- 
periments had their fpecific capacities and weights pre- 
cifely equal, but their forms different ; and from the re- 
fults, it appears that the form of a midlhip body, bell 
adapted for {lability only, is a flat bottom, with per- 
pendicular fides ; and that the next belt adapted is a 
femicircle. But as there exitts much difficulty in con- 
ftrudling the former with fufficient ftrength, befides its 
being ill adapted to heavy feas, as, by the fudden defeent 
in pitching, the bottom will ttrike the water nearly at 
right angles, and fuftain thereby a tremendous fliock. 
And as the latter feems to be too inclinable to tranf- 
verfe ofcillation, or rolling, and alfo to be deficient m 
capacity for many fervices, our author is of opinion, that 
a midfhip body, of a compounded form, is moft appli- 
cable to general purpofes. 

On account of the few documents before us, we are 
unable to fpeak critically concerning this tract. To 
benefit naval architecture, we are of opinion, that the 
method of experiment is more fin e and expeditious than 
that of calculation : yet conclufions from experiments 
mutt be drawn with great caution. It is by no means 
certain that a refult obtained for a body of a given bulk 
will obtain for fimilar bodies which differ in dimeniions. 

We {hall conclude this fhort article with a ftatement 
of the principles upon which Patrick Miller, Efq; of 
Dalfwinton (Scotland), propofes to conftruCl {hips and 
veffels which cannot founder. 

The veffel is to be kept afloat, without the aid of its 
fides, folely by the buoyancy of its bottom, which is 
flat ; the bottom never being fo deeply immerfed as to 
bring the upper furface thereof on a level with the wa- 
ter ; fuch veffels not being conftruCled for the purpofe 
of carrying cargoes, but for that of carry ing paffengers, 
with the neceffiry {lores and proviiions ; and as thefe 
veffels are not kept afloat by the aid of their fides, but 
by the buoyancy of their bottom, as above deferibed, 
they cannot fink, and therefore pumps are not required, 
nor are they in any refpeCl neceffary for the preferva- 
tion of fuch veffels. The faid veffel is put in motion, 
during calms, and againtt light winds, by means of 
wheels. Thefe wheels projeCl beyond the fides of the 
veffel, and are wrought by means of capftans : the 
number and the dimenfions of the wheels depend upon 
the length of the veffel. Thefe wheels are built with 
eight arms, which confift entirely of plank. Sliders 
are ufed to work and to keep the veffel to windward 
when under fail. Thefe Aiders are placed in the centre 
of the veffel, from ftem to ttern ; they are made of 
plank, and the number and dimenfions mutt depend on 
the length of the veffel ; and they are raifed and let 
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p. down, either by the hand, or by mean^ of a purcbafe, 
according to the fize of the veffel. Vefl’els of this con- 
ftruclion draw water, in proportion to their dirnenfions, 
as follows : a vefl’el jpf forty feet in length, and from 
thirteen to nineteen feet in breadth, will draw from 
thirteen to Gxteen inches of water. One of fifty feet 
in length, and from feventeen to twenty-four feet in 
breadth, will draw from fifteen to eighteen inches of 
water. One iixty feet long, and from twenty to twenty- 
eight feet broad, will draw from eighteen to twenty- 
one inches of water. One feventy feet long, and from 
twenty-three to thirty two feet broad, will draw from 
twenty one to twenty-four inches of water. One 
eighty feet long, and from twenty feven to thirty-feven 
feet broad, will draw from twenty.four to twenty feven 
inches of water. One ninety feet long, and from thirty 
to forty-two feet broad, will draw from twenty feven to 
thirty inches of water. One of one hundred feet in length, 
and from thirty-three to forty feven feet in breadth, 
will draw from thirty to thirty-three inches of water. 

As, from the principle upon which this vefiel is con- 
ftrudted, (lie cannot fink, the invention mufi prove a 
means of faving many lives; and as it will give more 
room and height between the decks than any veflel of 
the fame dimenfions of another conilru&ion, it mull 
add greatly to the comfort and accommodation of per- 
fons at fea of all deferiptions. It is expe&ed that, from 
thefe advantages, a more general and friendly inter- 
courfe amongll nations will take place, which will have 
the effedt to dilfufe knowledge, and to remove national 
prejudices, thereby promoting the general welfare of 
mankind. At prefent (fays Mr Miller), it would be 
altogether improper to give any defeription of fnips of 
greater dimenfions, left it fiiould be converted to a pur- 
pofe very different from that intended by the inventor. 

SHIPWRECK, a well-known difafter, by which 
numbers of lives are yearly loft. In that valuable mif- 
cellany entitled, ‘The Philofophica! Magazine% we have 
an account of means for preventing that lofs, when the 
jfhip is in danger within two or three hundred fathoms 
of the fhore ; and as the anonymous author (a French- 
man) fays that he has by experiment afeertained the ef- 
ficacy of thefe means, we fhall ftate them to our readers. 

The only certain means of faving the crew of a veffel 
in fuch a ftate is, to eftablifli a rope of communicatioif 
from the fhore to the fhip. But how is this to be done ? 
The author fays, by fixing the end of the rope to a 
bomb or cannon ball, and extending the rope after- 
wards, in a zig-zag diredlion, before the mortar or can- 
non, or fufpending it on a piece of wood raifed feveral 
feet. A rope, fo placed, will not break (he fays) by 
the greateft velocity which can be given to the bomb 
or ball; and thus the end of it can be fent afhore by a 
difeharge of artillery. He prefers the bomb to the cannon 
ball, for reafons which he does not aflign. He propofes, 
however, other means to effedl his benevolent purpofe. 

“ It ought to be remembered (fays he), that a veffel 
is never call away, or perifhes on the coaft, but becaufe 
it is driven thither againfl the will of the captain, and 
by the violence of the waves and the wind, which almoft 
always blows from the fea towards the fhore, without 
which there would be no danger to be apprehended: 
confequently, in thefe circumftances, the wind comes al- 
ways from the fea, either diredlly or obliquely, and 
blows towards the fhore. 
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“ i/, A common paper kite, therefore, launched 

from the veffel and driven by the wind to the fhore, 
would be fufficient to fave a crew confifttng of i 500 
feanen, if fuch were the number of a fhfp of war. 
This kite would convey to the fhore a itrong pack- 
thread, to the end of which might be affixed a cord, 
to be drawn on board by means of the firing of the 
kite ; and with this cord a rope, or as many as fhould 
be neceffary, might be conveyed to the fhip. 

“ 2</, A fmall balloon, of fix or feven feet in dia- 
meter, and raifed by rarefied air, would be alfo an ex- 
cellent means for the like purpofe : being driven by the 
wind from the veffel to the fhore, it would carry thither 
a firing capable of drawing a cord with which feveral 
ropes might be afterwards conveyed to the vcffel. Had 
not the difeovery of Montgolfier produced anv other 
benefit, it would be entitled on this account to be con- 
fidered as of great importance. 

“ 3^/, A fky-rocket, of a large diameter, would be 
of equal fervice. It would alfo carry, from the veflel 
to the fhore, a firing capable of drawing a rope after it. 

“ I-aJlly, A fourth plan for faving the crew of a fhip- 
wrecked veffel, is that of throwing from the veffel into 
the fea an empty cafk with a cord attached to it. The 
wind and the waves would drive the ca/k to the fhore, 
and afford the means of eftablifhing that rope of com- 
munication already mentioned.” 

SILLA, a large town on the Niger, which bounded 
Mr Park’s travels eaflward. He gives no defeription 
of the place, which he had not fpirits or health to fur- 
vey ; but fills a page of his work with the reafons which 
determined him to proceed no farther. “ When I ar- 
rived (fays he), I was fuffered to remain till it was 
quite dark, under a tree, furrounded by hundreds of 
people. But their language was very different from 
the other parts of Bambarra ; and 1 was informed that, 
in my progrefs eaftward, the Bambarra tongue was but 
little underftood, and that when I reached Jenne, 1 
fhould find that the majority of the inhabitants fpoke a 
different language, called Jenne Kummo by the Negroes, 
and Kalam Soudan by the Moors. 

“ With a great deal of entreaty, the Dooty allowed 
me to come into his balloon, to avoid the rain ; but the 
place was very damp, and I had a fmart paroxyfm of 
fever during the night. Worn down by ficknefs, ex- 
haufted with hunger and fatigue, half naked, and with- 
out any article of value, by which I might procure pro- 
vifions, clothes, or lodging, I began to reflect ferioufly 
on my fituation. I was now convinced, by painful ex- 
perience, that the obftacles to my farther progrefs were 
infurmountable. The tropical rains were already fet in 
with all their violence ; the rice grounds and fwamps 
were everywhere overflowed ; and in a few days more, 
travelling of every kind, unlefs by water, would be com- 
pletely obftrudted. The kowries which remained of the 
king of Bambarra’s prefent were not fufficient to enable 
me to hire a canoe for any great diftance ; and I had 
but little hop es of fubfifting by charity, in a country 
where the Moors have fuch influence. But above all, 
I perceived that I was advancing more and more with- 
in the power of thofc mercilefs fanatics ; and from my 
reception both at Sjetgo and Sansanding (fee thefe 
articles, SuppL), I was apprehenlive that, in attempting 
to reach even Jenne (unlefs under the prote&ion of 
fomc man of confequence amongft them, which I had 
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no means of obtaining), I ftould facrifice my life tone 
ouroofe; for my difeovenes would penlh with me. 1 he 
nrofpect either way was gloomy. In returning to tne 
Garnbia, a journey on foot of many hundred miles pre- 
fented itfelf to my contemplation, through regions and 
countries unknown. Neverthelefs, this feaned to be 
the only alternative ; for I faw inevitable deltruaion in 
attempting to proceed to the eattward. W ith this con- 
viftion on my mind, 1 hope my readers will acknow- 
ledge that I did right in going no farther. I had made 
every effort to execute my million in ns fullelt extent 
which prudence could juitify. Had there been the moft 
diflant profped of a fuccefsful termination, neither the 
unavoidable hardlhips of the journey, nor the dangers of 
a fecond captivity, fhould have forced me to debit. 
This, however, neceflity compelled me to do; and what- 
ever may be the opinion of my general readers on this 
point, it affords me inexprefiible fatisfadion, that my 
honourable employers have been plealed, lince my re- 
turn, to exprefs their full approbation ot my conduct 
He would be a very unreafonable man, indeed, who 
could on this point think differently from Mr I ark s 
employers. Silla is placed in the new map of Africa 
in about .4° 48' N. Lat. and 1° 24' W. Long 

SILLON, in fortification, an elevation ot eartn, 
made in the middle of the moat, to fortify it, when too 
broad. It is more ufually called the envelope. . 

SIMANCAS, a village on the eaitern limit ot the 
kingdom of Leo; in Spl. two leagues below Valla- 
dolid, on the river Gifnerga. It is mentioned by Dr 
Robertfon in the introdu&ion to his Hiftory of Ame- 
rica, and is remarkable for the archives or regifter of- 
fice of the kingdoms of Leon and Caftile, kept in the 
cable there. This colle&ion was begun when the kings 
refided often at Valladolid ; in which city to this day is 
the chancery or civil and military tribunal for almolt 
all Spain to the north of the Tagus. < It was thought 
convenient to have thofe papers kept in the neighbour- 
hood of that court; and this cable was particularly ht 
for that purpofe, as it is all built of bone. Some years 
arr0 there were two large halls in this office filled with 
papers relating to the firtl fettletnent of the Spaniards 
fn South America. There was alfo in the room called 
the ancient royal patronage a box containing treaties with 
England, in which are many letters and treaties be- 
tween the kings of England and Spain from about the 
year 1400 down to 1600. There was alfo m the fame 
archives a brong box, with five locks, which, it is fa.d, 
has not been opened fince the time of Philip II. and it 
is conjeaured that it contains the procefs againit 1 hi- 
lip’s fon Prince Charles. But it feems fome ot the 
bate papers have been removed to Madrid. 

SITUS, in algebra and geometry, denotes the fitua- 
tlon of lines, furfaces, &c. Worfius delivers fome things 
in geometry, which ate not deduced from the common 
analyfis, particubirlv matters depending on the fitus of 
lines and figures. 'Leibnitz has even founded a parti- 
cular kind of analyfis upon it, called calculus fitus.. 

SIWA, a town in Egypt, to the webward of Alex- 
andria, built on a fmall fertile fpot or Oafis, which is 
furrounded on all fides by defert land. A large pro- 
portion of this fpace is filled with date trees; but there 
are alfo pomegranates, figs, and olives, apricots, and 
plantains; and the gardens are remarkably flounbung. 
They cultivate a confiderabk quantity of rice, which, 
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however, is of a reddiffi hue, and different from that of SlW3- 
the Delta. The remainder of the cultivable land fur- "J'~v 

nifhes wheat enough for the confumption of the inha- 
bitants. Water, both fait and freffi, abounds : but the 
fprings which furnifh the latter are mob of them tepid ; 
and fuch is the nature of the water, air, and other cir- 
cumbances, that brangers are often affected with agues 
and malignant fevers. 

The greateb curiofity about Siwa is a ruin of un- 
doubted antiquity, which, according to Mr Browne, re- 
fembles too exactly thofe of the Upper Egypt, to leave 
a doubt that it was erefted and adorned by the fame 
intelligent race of men. The figures of Ifis and Anu- 
bis are confpicuous among the fculptures ; and the pro- 
portions are thofe of the Egyptian temples, though in 
miniature. What of it remains is a tingle apartment, 
built of maffy bones, of the lame kind as thofe of which 
the pyramids conlitl; and covered originally with fix 
large and folid blocks, that reach from one wall to the 
other. The length is 32 feet m the clear, the height 
about 18, the width 15. A gate, fituated at one ex- 
tremity, forms the principal entrance ; and two doors, 
alfo near that extremity, open oppofite to each other. 
The other end is quit ruinous; but, judging from cir- 
cumftances, it may be imagined that the building has 
never been much larger than it now is. 1 here is no 
appearance of any other edifice having been attached 
to it, and the lefs fo as there are remains of fculpture 
on the exterior of the walls. In the interior are three 
rows of emblematical figures, apparently defigned to re- 
prefent a proceffion ; and the fpace between them is 
filled with hieroglyphic charafters, propeily fo called. 
The people of Siwa have’no tradition concerning this 
edifice, nor attribute to it any quality, but that of con- 
cealing treafures, and being the haunt of demons. It 
has, however, been fuppofed, with fon.e degree of pro- 
bability, that Siwa is the Siropum of Pliny, and that 
this building was coeval with the famous temple of Ju- 
piter Ammon, and a dependency on it. I his may be 
fo ; but neither the natives of Siwa, nor the various 
tribes of Arabs who frequent that place, know any 
thing of the ruins of that temple, about which Mr 
Browne made every pofiible enquiry. “ It may (as he 
obferves) bill furvive the lapfe of ages, yet remain un- 
known to the Arabs, who traverfe the wide expanfe of 
the defert; but fuch a circumbance is fcarcely probable.. 
It may be completely overwhelmed in the fand ; but 
this is hardly within the compafs of belief.” 

The complexion of the people of Siwa is generally 
darker than that of the Egyptians. Their dialed is 
alfo different. They are not in the habitual ufe either 
of coffee or tobacco. Their fed is that of Malik. T. he 
drefs of the lower clafs is very fimple, they being al- 
mob naked : among thofe whole coftume was difeern-- 
ible, it approaches nearer to that ot the Arabs of the 
defert than of the Egyptians or Moors. Their cloth- 
ing confibs of a fhirt of white cotton, with large fleeves, 
and reaching to the feet; a red Tunifine cap, without 
a turban ; aud fhoes of the fame colour. In warm 
weather they commonly cab on the bioulder a blue and 
white cloth, called in Egypt melaye; and in winter 
they are defended from the cold by an ihhram or blank- 
et. The lift of their houfehold furniture is very ffiort; 
fome earthen ware made by themfelves, and a few mats, 
form the. chief part of it, none but the richer order 
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^^l^^purchafe a few Haves from the Murzouk caravan. The 

remainder of their wants is fnpplied from Cairo or A- 
lexandria, whether their dates are tranfported, both in 
a dry Hate and beaten into mafh, which, when good, in 
fome degree refembles a fweet meat. They eat no large 
quantity of animal food ; and bread of the kind known 
to us is uncommon. Flat cakes, without leaven, knead- 
ed, and then half baked, form part of their nourifli- 
ment.. The remainder confiHs of thin {beets of paHe, 
fried in the oil of the palm tree, rice, milk, dates, &c. 
They drink in great quantities the liquor extra&ed 
from the date-tree, which they term date-tree ’water, 
though it have often, in the Hate they drink it, the 
power of inebriating. Their domeHic animals are, the 
hairy Iheep and goat of Egypt, the afs, and a very 
fmall number of oxen and camels. The women are 
veiled, as in Egypt. After the rains, the ground in 
the neighbourhood of Siwa is covered with fait for 
many weeks. Siwa is Htuated in 290 12' N. Lat. and 
440 54' E. Long. 

SKIRMISH Bar, the name given by Lieutenant 
Broughton to a bay in an ifland, which was difcovered 
by him in latitude 43® 48' fouth, and in longitude 183° 
cad. The Chatham armed tender, which Mr Brough- 
ton commanded, under Captain Vancouver in his voy- 
age of difcovery, worked up into the bay, and came to 
anchor about a mile from the fliore. The Lieutenant, 
the mafter, and one of the mates, landed, and found 
the people fo extremely inhofpitable, that they were 
obliged to fire upon them in their own defence. The 
land, whether {Hand or continent, is of confiderable 
magnitude ; the part which they faw extended nearly 
40 miles from eall to wed ; and the appeai'ance of the 
country, according to the defcription given, is very pro- 
inifing. In many refpefts, the natives refemble thofe 
of New Zealand ; from which country they are didant 
about 100 leagues : but their Heins were deditute of 
any marks, and they had the appearance of being clean- 
ly in their perfons. Their drefles were of feal, or fea- 
bear Hein, and fome had fine woven mats fadened round 
the waid. “ They feemed a cheerful race, our con- 
verfation (fays Mr Broughton) frequently exciting vio- 
lent burds of laughter amongd them. On our fird 
landing their furprife and exclamations can hardly be 
imagined ; they pointed to the fun, and then to us, as 
if to afie, whether we had come from thence ?” Their 
arms were fpears, clubs, and a fmall weapon refembling 
the New Zealand patoo. 

SLIDING-rule (fee that article, as likewife G/tv- 
GiNG-Rod, Geometry, and Logaiut/imic Lines, En- 
cycl.) is introduced here, for the fake of a new, and 
(except in working direft proportions) a more com- 
modious method than the common, of applying the 
fiider. This method, which is propofed by the Rev. 
W. Pearfon of Lincoln, is as follows : 

Invert the Aider B on any common Hiding rule, 
whereby the numerical figures will afeend on it, and 
on the fixed line A, in contrary dire&ions i now, as the 
didance from unity to any multiplier, on Gunter’s line, 
will invariably extend from any multiplicand to their 
produft, it follows, that if any particular number on 
the inverted Aider B be placed oppofite to any other 
given number on A, the produdi of thofe numbers will 
Hand on the Aider B, againft unity on A j for, in any 
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pofition of the inverted Aider, the didance from unity Sliding 
to the multiplier on A, indead of being carried forward Snow, 
on B, as when the Aider is in a direft pofition, is brought ’ v~mm‘ 
back thereby to unity again ; fo that unity (or ten on 
fingle lines where the Aider is too fhovt for the opera- 
tion) is invariably the index for the produft of any two 
coincident numbers throughout the lines. 

In divifion, by the fame procefs, if the dividend on 
B be put to the index, or unity on A, the divifion and 
quotient will coincide on the two oppofite lines ; fo 
that when one is given, and fought for on either line, 
the other is feen on its oppofite line at the fame time. 

The next operation which offers itfelf here is reci- 
procal proportion, which can be effefted by no other 
method than by inverting the Aider, but which is ren- 
dered as eafy by this application, as direft proportion 
is in the common way ; for if any antecedent number 
on B inverted be fet to its confequent on A, any other 
antecedent on B, in the fame pofition, will Hand againft 
its confequent on A, fo as that the terms may be in a 
reciprocal ratio. In fquaring any number, it will ap- 
pear from what has been already faid, that if the num- 
ber to be fquared be placed on B, inverted againft the 
fame on A, the fquare will Hand on B, againft unity 
on A. Therefore, to extraft the fquare root of any 
number, let that number on B Hand againft unity on 
A ; and then wherever the coincident numbers are both 
of the fame value, that point indicates the root. If 
two dividing lines of the fame value do not exa&ly co- 
incide, the coincident point will be at the middle of the 
fpace contained between thofe two which are neared a 
coincidence ; and as there is only one fuch point, there 
can be no miftake in readily afeertaining it. The find- 
ing of a mean proportional between any two numbers 
is extremely eafy at one operation ; for if one of the 
numbers on B inverted be fet on the other on A, the 
coincident point of two fimilar numbers Aiews either of 
thofe to be the mean, or fquare root of their produft, 
according to the preceding procefs. Thus have we a 
Arort and eafy method of multiplying, dividing, work- 
ing reciprocal proportion, fquaring and extra&ing the 
fquare root, at one pofition of the inverted Aider, 
whereby the eye is diredled to only one point of view 
for the refult, after the Aider is fixed : whereas, by the 
common method of extrading the fquare root by A 
and B dired, the Aider requires to be moved back- 
wards and forwards by adjuftment, the eye moving al- 
ternately to two points, till fimilar numbers Hand, one 
on B againft unity on A, and the other on A againft 
the fquare number on B ; which fquare number, in the 
cafe of finding a mean proportional, mud be found by 
a previous operation. Hence, for more convenience in 
the extradion of roots, and meafuring of folids, an ad- 
ditional line called D has been added to the rule, which 
renders it more complex, and confequently feldom un- 
derftood by an artificer. 

SNOW. See that article (Encycl.), where we have 
endeavoured to account for fnow’s contributing to the ' 
prefervation and growth of vegetables. It mud be con- 
feffed, however, that if fnow poffeffed only the proper- 
ty of prefervmg vegetables, and of preventing them from 
perilhing by the feverity of the cold, it is not at all 
probable that the ancient philofophers would have con- 
fidered it as depofiting on the earth nitrous falts, as 
they might have afeertained, by a very Ample experi- 
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ment, that it contains none of that fait; for they did 
not afcribe the fame property to rain-water, but they 
remarked that fnow burnt the ikin in the manner of 
acids, as well as other bodies immerfed in it. Being 
induced to conclude that there was nitre in the air, it 
was natural that they fhould afcribe to this nitre the 
burning qualities of fnow, and confcquently its influ- 
ence on vegetation. 

Such refle&ious induced Morveau, alias Citizen Guy- 
ton, to employ J. H. Haflenfratz to inquire into the 
caufe of the difference of the effe&s of fuow and rain- 
water on various fubflances. Maflenfratz found that 
thefe differences are occaiioned by the oxygenation of 
the fnow ; and that thefe effe&s are to be aferibed to 
a particular combination of oxygen in this congealed 
water. He put icco grammes of fnow in a jar, and 
l coo grammes of diflilled water in another. He pour- 
ed into each of the jars an equal quantity of the fame 
folution of turnfole. He placed botii the jars in a warm 
temperature ; and after the fnow melted, he remarked 
that the dye was redder m the fnow water than in the 
diftilled water. He repeated this experiment, and with 
the fame refult. He put into a jar 1000 grammes of 
diftilled water, and into another iood grammes of fnow. 
Into each of the jars he put 6 5 grammes of very pure 
and clean fulphat of iron. In the lirft, there was pre- 
cipitated o’150 grammes of the oxide of iron, and 0.0 iq 
grammes in- the other. As the oxide of iron was pre- 
cipitated from a folution of the fulphat by oxygen, it 
thence follows, that the fnow contained more oxygen 
than the diftilled water ; and it follows, from the firft 
experiment, that this quantity of oxygen was coniider- 
able enough to redden the tin&ure of turnfole. 

It is fully demonftrated by thefe two experiments, 
that fnow is oxygenated water, and that it muft con- 
fequently have on vegetation an attion different from 
that of common ice. The experiments of Dr Ingen- 
houfs on the germination of feeds have taught us, that 
the prefence and contacft of oxygen are ahfolutely ne- 
celfary for the plant to expand. They have fhewn alfo, 
that the more abundant the oxygen is, the more ra- 
pidly will the feeds grow. Molt plants fuffered to at- 
tain to their perfect maturity flied on the earth a part 
of their feed. Thefe feeds, thus abandoned and expo- 
fed to the action of cold, are preferved by the^ fnow 
which covers them, at the fame time that they find in 
the water it produces by melting, a portion of oxygen 
that has a powerful a&ion on the principle of germina- 
tion, and determines the feeds that would have penfhed 
to grow, to expand, and to augment the number of the 
plants that cover the furface of the earth. 

A very confiderable number of the plants vvr\;eh are 
employed in Europe for the nouriftiment of men, are 
fown in the months of September, October, and No- 
vember. The feeds of feveral of thefe germinate before 
the cold commences its action upon them, and changes 
the principle of their life. The fnow which covers the 
reft, afting on the germ by its oxygenation, obliges 
them to expand, and to increafe the number of ufeful 
plants which the farmer and gardener commit to the 
earth, and confequently to multiply their productions. 

Here, then, we have three effe£ts of fnow upon ve- 
getation, all very different, which contribute each fepa- 
rately to increafe, every year, the number of our plants ; 
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to give them more vigour, and confequently to multi- Soap, 
ply our crops. Thefe effedls are : 1. To prevent the So'i:ie inS; 
plants from being attacked by the cold, and from be- 
ing changed or periftiing by its force. 2. To furnilh 
vegetables with continual moifture, which helps them 
to procure thofe fubftances neceffary for their nuta- 
tion, and to preferve the-.n in a ftrong healthy ftate. 
3. To caufe a greater number of feeds to germinate, 
and confequently to increafe the number of our plants. 

SOAP. See Chemis rRy-/n^ex, Suppl. 
SOLDERING. Under this title, in the Encyclo- 

padia, we have given dire&ions for foldering filver, 
brafs, and iron : hut there are other metals which muft 
fometimes be foldered ; and the following account of 
different folders, taken from the Philofophical AJaga%inet 
may be ufeful to many of our readers. 

When lead, tin, and bifmuth, are mixed in a cer- 
tain proportion, they produce a metal exceedingly fu- 
fible, which is known by the name of foft folder ; but 
which, from its fingular properties, may be applied with 
advantage to many other ufeful purpofes. Newton, 
and after him Kraft and Mufchenbroek, obferved, that 
five parts of bifmuth, three of tin, and two of lead, al- 
fo five parts of bifmuth, four of tin, and one part of 
lead, melted with a heat of 220 degrees of Fahrenheit; 
and they found that various mixtures of this kind were 
fufifile by a heat not much greater than that of boiling 
water. At a later period, V. Rofe, a German natura- 
lift, difeovered, that a mixture of four parts of bifmuth, 
two of tin, and two of lead, as Kunkel recommended 
for foldering tin ; and D’Arcet, among the French, 
that a mixture of eight parts of bifmuth, three of tin, 
and five of lead ; or eight of bifmuth, four of tin, and 
fouf of lead ; or eight of bifmuth, two of tin, and fix 
of lead ; alfo fixteen of bifmuth, feveu of tin, and nine 
of lead—all melted, or at leaft became foft, in boiling 
water. 

“ According to the experiments made by Profcffor 
Gmelin, refpeAing the fulion of thefe three metals, a 
mixture, confifting of two parts of bifmuth, one part of 
tin, and one of lead, which is the fame as Rofe propo- 
fed, gave a metal that was fufed in boiling water. A 
mixture of fix or more parts of bifmuth, fix of tin, and 
three of lead, or one part of bifmuth, two parts of tin, 
and two of lead, gave, according to Klein, the folder 
ufed by the tin button-makers. The fame workmen 
ufe alfo for foldering, according to Klein, a mixture of 
four parts of bifmuth, three parts of tin, and five parts 
of lead. Among the many foft folders employed by 
the tin-men, a mixture of one part of bifmuth, two 
parts of tin, and one part of lead, is, according to 
Klein, very much employed. Refpe&ing this kind of 
folder, the experiments of Profcffor Gmelin give the 
following refult : One part of bifmuth, two parts of 
tin, and one part of lead, melt in boiling water. Ac- 
cording to Klein, the tin-men employ for foldering a 
mixture of one part of bifmuth, twenty-four parts of 
tin, and four parts of lead. Eight parts of bifmuth, 
three of tin, and five of lead, gave a metal exceedingly 
like tin in its colour and brightuefs, hut very brittle ; 
in water beginning to boil, it became not only foft, but 
was completely fufed. This imitation, however, may 
be better accomplifhed by the mixture of Profeffor 
Ughtenberg, which conlifts of five parts of bifmuth, 
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Soyerlrp', three of tin, and two of lead. This metal is very like 
Soudan. former, though not fo brittle ; but it feemed to 

^ me]t jn bot water even before it came to boil.” 
As this fubjeft has again come under our notice, it 

may be proper to lay before our readers what M. Van 
Braam fays of the Chinefe method of foldering frying- 
pans and "other veffels of cad-iron, when cracked and 
full of holes. As the author admits that it muji appear 
impojfible to thofe who have not witnejffcd the procefs, 
fuch of our artifts as have not been in China will give 
to the tale what credit they think it deferves. 

“ All the apparatus of the workman confdls in a 
little box, 16 inches long and 6 wide, and 18 inches in 
depth, divided into two parts. The upper contains 
three drawers with the necefifary ingredients; in the 
lower is a bellows, which when a fire is wanted is a- 
dapted to a furnace eight inches long and four inches 
wide. The crucibles for melting the fmall pieces of 
iron intended to ferve as folder are a little larger than 
the bowl of a common tobacco pipe, and of the fame 
earth of which they are made in Europe : thus the 
whole bufinefs of foldering is executed. 

“ The workman receives the melted matter out of 
the crucible upon a piece of tvel paper, approaches it to 
one of the holes or cracks in the frying-pan, and ap- 
plies it there, while his alfilfant fmooths it over by fera- 
ping the furface, and afterwards rubs it with a bit of 
<wet linen. The number of crucibles which have been 
deemed neceffary are thus fuccefiively emptied, in order 
to ftop up all the holes with the melted iron, which 
confolidates and incorporates itfelf with the broken u- 
tenfil, and which becomes as good as new. The fur- 
nace which our author faw was calculated to contain 
eight crucibles at a time ; and while the fufion was go- 
ing on, was covered with a ftone, by way of increafing 
the intenfity of the heat.”—M. Van Braam affefts fre- 
quently to corredt the miftakes of Sir George Staun- 
ton ! 

SOUDAN, literally fignifies the country of the ne- 
groes ; but it is likewife ufed as one of the names of 
an African kingdom, otherwife called Dar-fur. We 
know not that this kingdom has been vilited by any 
European befides Mr Browne, who places it between 
the nth and i6th degrees of north latitude, and be- 
tween the 26th and 30th degrees of eall longitude. 
Thefe numbers are not exaft : it does not reach fo far 
eall as the 3Cth degree, nor fo far north as the 16th ; 
but on his map minutes are not marked. On the north, 
it is bounded by a defart which feparates it from E- 
gypt ; on the eall, by Kordofan, which is now fubjedl 
to Soudan, and lies between it and Sennaar; and on the 
fouth and eall, by countries of which the names are 
hardly known. Mr Browne was induced to vifit Sou- 
dan in hopes of being able to trace the Bahr-el-abfad, 
or true Nile, to its fource : but he was difappointed, 
for that river rifes in mountains confiderably farther 
fouth than the limits of this kingdom ; and the Sultan, 
a cruel and capricious tyrant, detained him a prifoner 
at large almoll three years. 

Soudan, or Dar-Fur, abounds with towns or villages, 
ill-built, of clay, and none of them very large. Of thefe 
it is not worth while to give an account. Its feafons 
are divided into rainy and dry. The perennial rains, 
which fall in Dar-Fur from the middle of June till the 
middle of September in greater or lefs quantity, but 
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generally both frequent and violent, fuddenly irvveft the Soudan-, 
face of the country, till then dry and fteril, with a de-'■"■“"Y"-—1 

lightful verdure. . Except where the rocky nature of 
the foil abfolutely impedes vegetation, wood is found 
in great quantity ; nor are the natives afliduous com- 
pletely to clear the ground, even where it is defigned 
for the cultivation of grain. As foon as the rains be- 
gin, the proprietor, and all the afiillants that he can 
colledl, go out to the field ; and having made holes at 
about two feet diftance from each other, with a kind of 
hoe, over all the ground he occupies, the dohn, a kind 
of millet, is thrown into them, and covered with the 
foot, for their hulbandry requires not many inllruments. 
The time for fowing the wheat is nearly the fame. 
The dokn remains fcarcely two months before it is ripe; 
the wheat about three. 

The animals in Soudan, both wild and tame, are the 
fame as in other parts of Africa in the fame latitude. 
Though the Furians breed horfes, and purchafe very 
fine ones in Dongola, and from the Arabs to the eall 
of the Nile, the afs is more ufed for riding ; and an 
Egyptian afs (for the afles of Dar-Fur are diminutive 
and indocile like thofe of Britain) fetches from the va- 
lue of one to that of three flaves. The villages of this 
country, like thofe of Abyfiinia, are infefted with hye- 
nas ; and in the unfrequented parts of the country are 
the elephant, the rhinoceros, the lion, the leopard, and 
all the other quadrupeds of Africa. The Arabs often 
eat the flefh of the lion and the leopard ; and fome- 
times they fo completely tame thole animals, as to carry 
them loofe into the market place. Our author tamed 
two lions, of which one acquired moll of the habits of 
a dog. He fatiated himfelf twice a week with the offal 
of the butchers, and then commonly llept for feveral 
hours fuccellively. When food was given them, they 
both grew ferocious towards each other, and towards 
any one who approached them. Except at that time, 
though both were males, he never faw them difagree, 
nor Ihew any lign of ferocity towards the human race. 
Even lambs paffed them unmolefted. 

Among the birds, the •vultureperennpterus, or white- 
headed vulture, is moll worthy of notice. It is of fur- 
prifing llrength, and is faid by the natives to be very 

fed jides penes auSores. “ 1 have lodged 
(fays Mr Browne) a complete charge of large fhot, at 
about 50 yards diltance, in the body of this bird : it 
feemed to have no effeft on him, as he flew to a confi- 
derable diftance, and continued walking afterwards. I 
then difeharged the fecond barrel, which was loaded 
with ball : this broke his wing ; but on my advancing 
to feize him, he fought with great fury with the other. 
There are many thoufands of them in the inhabited di- 
llridl. They divide the field with the hyena : what 
carrion the latter leaves at night, the former come in 
crowds to feed on in the day. Near the extremity of 
each wing is a horny fubftance, not unlike the ipur of 
an old cock. It is llrong and lharp, and a formidable 
inftrument of attack. Some fluid exudes from this 
bird that fmells like mufk ; but from what part of him 
I am uncertain.” The ferpents found in Soudan are 
the fame as in Egypt; but the natives have not the art 
of charming them like the Egyptians, ft he loculi of 
Arabia is very common, and is frequently roafted and 
eaten, particularly by the flaves. 

In Dar-Fur there feems to be a fcarcity of metals ; 
but 
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Soudan, but in its neighbourhood to the Couth and weft all kinds 
—v--' are to be found. The copper brought by the mer- 

chants from the territories of certain idolatrous tribes 
bordering on Fur, is of the fineft quality, in colour re- 
fembling that of China, and appears to contain a por- 
tion of zinc, being of the fame pale hue. Iron is found 
in abundance ; but they have not yet learned the art of 
converting it into fteel. Silver, lead, and tin, our au- 
thor never heard mentioned in Soudan, but as coming 
from Egypt ; but of gold, in the countries to the ealt 
and welt, the fupply is abundant. Alabafter, and va- 
rious kinds of marble, are found within the limits ot 
Fur,, as is foffil fait within a certain diltinft ; and thete 
is. a fufficient fupply of nitre, of which, however, no 
ufe is made. 

The reftraint under which Mr Browne was kept in 
this inhofpitable country, prevented him from making 
a full catalogue of its vegetable productions. Of the 
trees which (hade our forefts or adorn our gardens in 
Europe, very few exift in Oar-Fur. T. he chaiadteiiltic 
marks of thofe fpecies which moft abound there, are 
their lharp thorns, and the folid and unperifhable qua- 
lity of their fubftance. They feem to be much the 
fame as thofe which Bruce found in Abyfiinia. there 
is a fmall tree called enmb, to the fruit ot which they 
have given the name of grapes. It bears leaves ot light 
green hue ; and the fruit, which is of a puiple colour, 
is attached, not in bunches, but tingly to the fmafter 
branches, and interfperfed among the leaves. The in- 
ternal ftrmfture of the fruit is not very unlike the grape, 
which it alfo refembles in fize : but the pulp is of a red 
hue, and the tafte is ftrongly aftringent. The water- 
melon (cucurbita citrullus) grows wild over almoft all 
the cultivable lands, and ripens as the corn is removed. 
In this ftate it does not attain a large tize. The in- 
fide is of a pale hue, and has little flavour. As it 
ripens, the camels, atfes, &c. are turned to feed on it, 
and it is faid to fatten them. The feeds, as they grow 
blackith, are colledted to make a kind of tar, kutran. 
Thofe plants of the melon which receive artificial cul- 
ture grow to a large tize, and are of exquifite flavoui. 
Tobacco is produced in abundance ; and our author 
fpeaks of cochineal as found in Dar-tur, or tome of the 
neighbouring countries. 

The harveft is conducted in a very fimple manner. 
The women and {laves of the proprietor are employed 
to break off the ears with their hands, leaving the ttravv 
Handing, which is afterwards applied to buildings and 
various other ufeful purpofes. They then accumulate 
them in balkets, and carry them away on their heads. 
When thrathed, which is awkwardly and incompkuly 
performed, they expofe the grain to the lun till it be- 
come quite dry ; after this a hole in the earth is pre- 
pared, the bottom and Tides of which are covered with 
chaff to exclude the vermin. This cavity or magazine 
is filled with grain, which is then covered with chart, 
and afterwards with earth. In this way the maize is 
preferved tolerably well. In uting it for food, they 
grind it, and boil it in the form of polenta, which is 
eaten either with frelh or four milk, or tlill moie fre- 
quently with a fauce made of dried meat pounded in a 
mortar, and boiled with onions, &e. The Funans ufe 
little butter ; with the Egyptians and Arabs it is an 

' article in great requeft. d here is alio another fauce 
which the poorer people ute and highly rehih; it is 
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compofed of an herb called coivel or cawel, of a tafte m 
part acefcent and in part bitter, and generally difagree- 
able to ftrangers. 

The magiftracy of one, which feems tacitly, if it be 
not exprefsly favoured by the difpenfation of Moham- 
med, as in moft other countries profefiing that religion, 
prevails in Dar-Fur. The monarch indeed can do no- 
thing contrary to the Koran, but he may do more than 
the laws eftablilhed thereon will authorife ; and as there 
is no council to controul or even to affift him, his power 
may well be termed dcfpotic. He tpeaks in public of 
the foil and its produftions as his perfonal property, 
and of the people as little elfe than his Oaves. 

His power in the provinces is delegated to officers, 
who poffefs an authority equally arbitrary. In thofe 
diftrids, which have always, or for a long time, formed 
an integral part of the empire, thefe officers are gene- 
rally called Meleks. In fuch as have been lately con- 
quered, or, perhaps more properly, have been annexed 
to the dominion of the Sultan under certain ftipula- 
tions, the chief is fuffered to retain the title of Sultan, 
yet is tributary to and receives his appointment from 
the Sultan of Fur. 

Defpotic and arbitrary as he is, the Sultan here does 
not feem wholly inattentive to that important objedl, 
agriculture. Neverthelefs, it may be efteemed rather a 
blind compliance with ancient cuftom, than individual 
public fpirit, in which has originated a pradfice adopt- 
ed by him, in itfelf Efficiently laudable, fmce other of 
his regulations by no means conduce to the fame end. 
At the beginning of the Harif, or wet feafon, which is 
alfo the moment for fowing the corn, the king goes out 
with his Meleks and the reft of his train ; and while 
the people are employed in turning up the ground and 
fowing the feed, he alfo makes feveral holes with his 
own hand. The fame cuftom, it is faid, obtains m B01- 
nou and other countries in this part of Africa, it calls 
to the mind a practice of the Egyptian kings mention- 
ed by Herodotus. 

The population of Dar-Fur is not large. An army 
of 2000 men was fpoken of, when Mr Browne was in 
the country, as a great one; and he does not tnink that 
the number of fouls within the empire can much ex- 
ceed 200,000. The troops of this country are not 
famed for tkill, courage, or perfeverance. In their cam- 
paigns, much reliance is placed on the Arabs who ac- 
company them, and who arc propeily tnbutaiies lather 
than fubje&s of the fultan. One energy of barbarifm 
they indeed pofiefs in common with other favages, that 
of being able to endure hunger and thirft ; but in this 
particular they have no advantage over their neigh- 
bours. In their pertons the Furians are not remark- 
able for cleanlinefs. Though obferving as Mahomme- 
dans all the fuperftitious formalities of prayer, their 
hair is rarely combed, or their bodies completely wafn- 
ed. The hair of the pubes and axillas it is ufual to ex- 
terminate ; but they know not the ufe ot ioap ; fo that 
with them polithing the tkin with unguents holds the 
place of perfect ablutions and real purity. A kind of 
farinaceous parte is however prepared, which bemg ap- 
plied with butter to the Ikin, and rubbed continually 
till it become dry, not only improves its appearance, 
but removes from it accidental fordes, and ft ill more the 
effcdt of continued tranfpiration, which, as there are no 
J^ths in the country, is a confideration of forqe importr 
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Soudan, ance.'1 The female flaves are dexterous in the applica- 

1 tion of it; and to undergo this operation is one of the 
refinements of African fi^nfuality. 

Nothing refernbling current coin is found in Soudan, 
Unlefs it be certain fmall tin rings, the value of which 
is in fume degree arbitrary. The Auftrian dollars, and 
other filver coins brought from Egypt, are all fold as 
Ornaments for the women. 

The difpofition of the Furians is cheerful ; and that 
gravity and referve which the precepts of Mahomme- 
difm infpire, and the practice of the greater number of 
its profeffors countenances and even requires, feems by 
no means as yet to iit eafy on them. A government 
perfectly defpotic, and not ill adminiftered, as far as re- 
lates to the manners of the people, yet forms no ade- 
quate reflraint to their violent pafiions. Prone to ine- 
briation, but unprovided with materials or ingenuity to 
prepare any other fermented liquor than buza, with 
ibis alone their convivial exceffes are committed. But 
though the Sultan publifHed an ordnance (March 1795), 
forbidding the ufe of that liquor under pain of death, 
the plurality, though lefs publicly than before, ilill in- 
dulge thernfeives in it. A company often fits from fun- 
rife to fun-fet, drinking and converfing, till a fingle man 
fometimes carries off near two gallons of that liquor. 
The buza has, however, a diuretic and diaphoretic ten- 
dency, which precludes any danger from thefe exceffes. 
In this country dancing is praftifed by the men as well 
as the women, and they often dance promifcuoufiy. 

The vices of thieving, lying, and cheating, in bar- 
gains, with all others nearly or remotely allied to them, 
as often happen among a people under the fame cir- 
cumftances, are here almoft univerfal. No property, 
whether confiderable or trifling, is fafe out of the fight 
of the owner, nor indeed fcarcely in it, unlefs he be 
ffronger than the thief. In buying and felling, the pa- 
rent glories in deceiving the fonj and the fon the pa- 
rent ; and God and the Prophet are hourly invocated, 
to give colour to the moll palpable frauds and falfe- 
hoods. 

The privilege of polygamy, which, as is well known, 
belongs to their religion, the people of Soudan pufh to 
the extreme. By their law, they are allowed four free 
Women, and as many flaves as they can maintain ; buf 
the Furians take both free women and (laves without li- 
mitation. The Sultan has more than a hundred free 
women, and many of the Meleks have from twenty, to 
thirty. In their indulgence with women, they pay little 
regard to reftraint or decency. The form of the houfes 
fecures no great fecrecy to what is carried on within 
them ; yet even the concealment which is thus offered is 
not always fought. The fhade of a tree, or long grafs, 
is the foie temple required for the facrifices to the Cy- 
prian goddefs. In the courfe of licentious indulgence, 
father and daughter, fon and mother, are fometimes 
mingled ; and the relations of brother and filler are ex- 
changed for clofer intercourfe. 

* About a Previoully to the ettablifhment of Iflamifm * and king- 
—-Iffip, the people of Fur feem to have formed wandering 11 a ab°- tribes ; in which date many of the neighbouring nations 

to this day remain. In their pevfons they differ from 
the negroes of the coaft of Guinea. Their hair is ge- 
nerally (hort and woolly, though fome are feen with it 
of the length of eight or ten inches, which theyefteem 
a beauty. Their complexion is fox the moft part per- 

fedlly black. The Arabs, who are numerous within 
the empire, retain their diftin&ioh of feature, colour, 
and language. They moft commonly intermarry with 
each other. The (laves, which are brought from the 
country they call Fertit (land of idolaters), perfedlly 
refemble thofe of Guinea, and their language is pecu- 
liar to themfdves. 

The revenues of the crown confift of a duty on all 
merchandife imported, which, in many inftances, a- 
mounts to near a tenth ; of a tax on all (laves export- 
ed to Egypt ; of all forfeitures for mifdemeanors ; of a 
tenth on all merchandife, efpecially (laves, brought from 
every quarter but Egypt, and when flaves are procured 
by force, this tenth is railed to a fifth ; of a tribute 
paid by the Arabs, who breed oxen, horfes, camels, 
(beep ; of a certain quantity of corn paid annually by 
every village ; befides many valuable prefents, which 
mud be paid by the principal people, both at dated 
times and on particular occafions. Add to all this, 
that the king is chief merchant in the country; and not 
only difpatches with every caravan to Egypt a great 
quantity of his own merchandife, but alfo employs his 
flaves and dependents to trade with the goods of Egypt 
on his own account, in the countries adjacent to Sou- 
dan. 

The commodities brought by the caravans from E- 
gypt are, r. Amber beads. 2. Tin, in fmall bars, 
3. Coral beads. 4. Cornelian beads. 5. Falfe corne- 
lian beads. 6. Beads of Venice. 7. Agate. 8. Rings, 
filver and brafs, for the ancles and wrids. 9. Carpets, 
fmall. 10. Blue cotton cloths of Egyptian fabric, 
11. White cotton ditto. 12. Indian muflins and cot- 
tons. 13. Blue and white cloths of Egypt, called Me- 
layes. 14. Sword-blades, drait (German), from Cairo. 
15. Small looking-glaffes. 16. Copper face-pieces, om 
defenfive armour for the horfes heads. 17. Fire arms. 
18. Kohhel for the eyes. 19. Rhea, a kind of mofs 
from European Turkey, for food and a feent. 20. 
a fpecies of abfynthium, for its odour, and as a reme- 
dy : both the lad fell to advantage. 21. Coffee. 22,. 
Mahleb, Krumphille, Symbille, Sandal, nutmegs, 23. 
Dufr, the (hell of a kind of fi(h in the Red Sea, ufed 
for a perfume. 24. Silk unwreoght. 25. Wire, brafs, 
and iron. 26. Coarfe glafs beads, made at jerufalem, 
called herfo and munjur. 27. Copper culinary utenliis, 
for which the demand is fmall. 28. Old copper for 
melting and reworking. 29. Small red caps of Bar- 
bary. 30. Thread linens of Egypt—fmall confump- 
tion. * 31. Light French cloths, made into beniflies. 
32. Silks of Scio, made up. 33. Silk and cotton pieces 
of Aleppo, Damafcus, &c. 34. Shoes.of red leather. 
35. Black pepper. 36. Writing paper (papier des trots 
limes), a confiderable article. 37. Soap of Syria. 

The goods tranfported to Egypt are, 1. Slaves, male 
and female. 2. Camels. 3. Ivory. 4. Horns of the 
rhinoceros. 5. Teeth of the hippopotamus. 6. Odrich 
feathers. 7. Whips of the hippopotamus’s hide. 8. 
Gum. 9. Pimento. 10. Tamarinds, made into round 
cakes. 11. Leather facks for water {ray) and dry ar- 
ticles {geraub). 12. Peroquets in abundance, and fome 
monkeys and Guinea fowls. 13. Copper, white, in 
fmall quantity. 

SOUFFRIERE, a fmall town, fituated at the hot- 
tom of a bay, towards the leeward extremity of the ifland 
of St Lucia. There is nothing in the town itfelf which 

could 
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Souffle, could have entitled it to notice in this worK ; but the 
Sound. groUnd about it is very remarkable. It has been de- 

V,"^/ feribed by different authors ; and our readers will pro- 
bably not be ill pleafed with the following defcription 
of this wonderful fpot by Dr Rollo. 

“ Souffriere (fays he) is furroundcd by bills covered 
with trees, the declivities of which, and every part ca- 
pable of produce, are cultivated, and afford good fugar- 
cane. This place has its marlhes, but not fo extenhve, 
or fo much to windward as thofe about Carenage. 

“ The extremity of the fouth hoe of bouhriere Hay 
runs into two fteep hills or a conical figure, which are 
nearly perpendicular : they are reckoned the highett on 
the ifland, and are known by the name of the Sugar 
Loaf Hills. From their height and ftraitnefs it is im- 
pofhble to afcend them : we were told it was once at- 
tempted by two negroes, but they never returned. They 
are covered with trees and (hrubs, and are the {belter of 
goats, fevcral of which fometimcs delcend, and aie {hot 
by the natives. _ _ 

After you pafs the hills to windward ot oouttnere, 
a fine clear and level country prefents itfelf. I rum the 
hack of the Sugar Loaf Hills, and all along the fea- 
coaft, to the diffance, we fuppofe, of from fifteen to 
twenty miles, this flat or level extends : it is ail culti- 
vated and divided into rich effates, affording fugar-cane 
equal to any in our Hands. This beautiful fpot is in- 
terfeaed by many rivers of very clear water, and thefe 
are conduaed bv art to the purpofe of fugar making. 
The rains in this part are lefs frequent than on any 
other part of the Hand ; however, they have often a 
proportion more than fufficient. The wind here blows 
from the fta, or nearly lo. . . ' . 

“ We cannot finilh this defcription without taking 
notice of a volcano in the neighbourhood of SoiHriere. 
You pafs over one or two fmall hills to the fouth ward 
of the town, and before any mark of the place is per- 
ceived you are fenfible of the fmell of fulphur. The 
firll thing you difeern is a rivulet of black running wa- 
ter, fending forth {(reams as if nearly boiling. Horn 
the profpea of this you foon open on the volcano, 
which appears in a hollow, furrounded clofe on every 
fide by hills. There are only two openings ; the one 
we entered, and another almoff oppofite to it on the 
north fide. In the hollow there are many pits of a 
black and thick boiling matter, which feems to work 
with great force. Lava is flowly thrown out; and in 
the centre of the hollow there is a large mais of it, 
forming a kind of hill. This we afeended ; but e 

foon obliged to return from the exceffive heat. i he 
lava is a fulphur mixed with a calcareous earth and 
fome faline body. We found fmall quantities of alum 
in a perfect ftate. In the opening, at the north fide of 
the hollow, there is a rivulet of very good water. On 
ftirring the bottom, over which this water runs, we 
were furprifed with feeling it very hot ; and on placing 
a tumbler filled with fome of the water clofe to the bot- 
tom of the rivulet, it foon became fo hot as not to 
be touched. The liquid .which runs from the pits is 
ftrongly impregnated with fulphur, and refembles a 
good deal the preparation fold in the {hops, known by 
the name of aqua fulphurata, ox gas Julphuru, 

SOUND-board, the principal part of an organ, and 
that which makes the whole machine play. This found- 
hoard, or fummer, is a refervoir into which the wind, 

drawn in by the bellows, is conduced by a port-vent, 
and thence diftribmed into the pipes placed over the 
holes of its upper part. The wind enters them by 
valves, which open by prefling upon the flops or keys, ^ 
after drawing the regifters, which prevent the air from 
going into any of the other pipes befides thofe it is re- 
quired in. 

SouND-Board denotes alfo a thin broad board placed 
over the head of a public fpeaker, to enlarge and extend 
or ftrengthen his voice. 

Sound-boards, in theatres, are found by experience 
to he of no fei vice ; their diftance from the fpeaker be- 
ing too great to be impreffed with fuflicient force. But 
found-boards immediately over a pulpit have often a 
good effecl, when the cafe is made of a juft thieknefs, 
and according to ce:tain principles. 

Soumj-PoJI, is a poft placed withinfide of a violin, 
&c. as a prop between the back and the belly of the 
inftrument, and nearly under the bridge. 

SOWAL, in the language ot Bengal, a queftion or 
requeft. 

SPALLANZANI (Lazarus), was born at Scan- 
diaao, in the duchy of Modena, on the 10th of Ja- 
nuary' IJ2Q. He was foil of Jean Nicholas Spallanzani, 
an tfteemed jurifconfult, and of Lucia Zugliani. He 
commenced his ftud;ts in his own country, and at the 
ao-e of fifteen years went to Reggio de Modena in or- 
der to continue them. 1 he Jeiuils, who mftiuffed him 
in the belles lettres, and the Dominicans, who heard of 
his progrefs, were each dciirous of attaching him to 
them ; hut his pafiion for extending his knowledge led 
him to Bologna, where his relation Laura Bafii, a wo- 
man juftly celebrated for her genius, her eloquence, and 
her {kill in natural philofcphy and the mathematics, was 
one of the molt illuftrious profeffors of the Inftitnte and 
of Italy. Under the diredion of this enlightened guide, 
he learned to prefer the ftudy of Nature to that oi her 
commentators, and to judge or the value of the com- 
mentary by its refemblance to the original. He in- 
ftantly availed vhimfclf of the wifdom of that lady’s 
couniels, and was not long before he experienced the 
happy effedis of it. How agreeable it is to fee him in 
1765 painting his gratitude for his inftrudor, to whom 
he dedicated a Latin differtation at that time, 111 which 
he mentions the applaufes that Laura Bafli received at 
Modena, when {lie entered the auditory of her pupil, 
then become protefior. '1 he tafte of Spahanzaiu for 
philofophy was not exclufive ; lie already thought, like 
all great men, that the ftudy of antiquity and the belles 
lettres was requifite to give to ideas tnat ciearuels, to 
expreflions that accuracy, and to reaionings that con- 
nedion, without winch the fineft thoughts become bar- 

bie ftudied his own language with care, and per 
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foded himfelf in the Latin tongue; but above all, he 
attached himfelf to the Greek and the krench. Ho- 
mer, Demofthenes, St Bafii, were his favourite authors. 
Spallanzani applied himfelf to juiifprudence at the in- 
ftance of a father whom he tenderly loved : he was up- 
on the point of receiving the degree of dodor of civil 
law, when Anthony Vallifneri, profeffor of natural hif- 
tory at Padua, perfuaded him to renounce this voca- 
tion, by promifing to obtain the confent of his father, 
who was fenfibly touched by his foil’s devotion to his 
will, and who thereby left him at liberty to follow his 
own indinations. From that moment he gave himfelf 
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up with more ardour than ever to the iludy of mathe- 
matics, continuing that alfo of the living and dead lan- 
guages. 

Spallanzani was prefently known all over Italy, and 
his own country was the firlb to do homage to his ta- 
lents. The univerfity of Reggio, in 1754, chofe him 
to be profeflbr in logic, metaphyfics, and Greek. He 
taught there for ten years ; and during that period con- 
fecrated all the time he could fpare from his leflbns to 
the obfervation of Nature. Now and then an accidental 
difcovery would increafe his paflion for natural biftory, 
which always augmented by new fucceffes. His obfer- 
vations upon the animalculae of infuiions fixed the atten- 
tion of Haller and of Bonnet ; the latter of whom af- 
fitled him in his glorious career, and thenceforth di- 
ftinguifhed him as one of the learned interpreters of 
Nature. 

In 1760 Spallanzani was called to the univerfity of 
Modena ; and although his intereft would have made 
him accept the advantageous offers of the univerfity of 
Coimbra, of Parma, and of Cefena ; yet his patriotifm 
and his attachment to his family confined his fervices to 
his own country. The fame confiderations engaged 
him to refufe the propofitions made him by the acade- 
my of Peterfburg fome years after. He remained at 
Modena till the year 1768, and he faw raifed by his 
care a generation of men conftituting at this time the 
glory of Italy. Among them may be counted Venturi, 
profeffor of natural philofophy at Modena ; Belloni, 
bifhop of Carpi $ Lucchejlni, ambaffador of the late 
king of Pruffia ; and the poet Angelo Alazzo of 
Parma. 

During his refidence at Modena, Spallanzani pub- 
lilhed, in 1765, Saggio di Offervazioni Microfcopiche con- 
cerncnte il Syjlema di Needham e Buffon. He therein 
eltablifhes the animality of what had been called, but 
not generally afiented to as, microfcopic animalcuU, 
By the moft ingenious, and at the fame time folid, ex- 
periments. He fent this work to Bonnet, who formed 
his opinion of the author accordingly, and who lived to 
fee the accompliihment of the prophecy he drew from 
it. From that moment the moft intimate acquaintance 
was formed between them, and it lafted during their 
lives, of which it conftituted the chief happinefs. In 
the fame year Spallanzani publifhed a differtation truly 
original: De Lapidilus ab Aqua rejilientibus. In that 
work he proves, by fatisfaftory experiments, contrary 
to the commonly received opinion, that the ducks and 
drakes (as they are called) are not produced by the ela- 
fticity of the water, but by the natural effect of the 
change of direction which the ftone experiences in its 
movement, after the water has been ftruck by it, and 
that it has been carried over the bend or hollow of the 
cup formed by the conculfion. 

In 1 768 he prepared the philofophers for the furpri- 
■fing .difcoveries he was about to offer them throughout 
his life, in publilhing his Prodromo di un Opera da Im- 
primerjifopra le Riproduzioni Animali. ~ He therein lays 
down the plan of a work which he wras anxious to get 
up on this important fubjedl ; but this fimple profpec- 
tus contains more real knowledge than all the books 
which had appeared, becaufe it taught the method that 
ought to be followed in this dark refearch, and con- 
tained' many unexpected fads ; fuch as the pre-exift- 
cnce of tadpoles at the fecundation, in many fpecies of 
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toads and frogs ; the reproduaion of the head cut off 
from fnails, which he had already communicated to 
Bonnet in 1766, and which was difputed for fome 
time, in fpite of the repeated confirmation of this phe- 
nemenon by Heriffant and Lavoifier. Fie demonftra- 
ted it again afterwards in the Memorie della Societa Ila- 
liana / as alfo the renewal of the tail, the limbs, and 
even the jaws, taken from the aquatic falamander. 
Thefe fads continue to aftonifh even at this day, when 
they are thought of, notwithftanding every one has had 
the opportunity of familiarifing himfelf with them : and 
we hardly know which we ought moft to admire, the 
expeitnefs of Spallanzani in affording fuch decifive 
proofs, or his boldnefs in fearching'after them, and fei- 
zing them. We have to regret, that the projeCf of his 
great undertaking is not realized ; but various circum- 
ftances prevented him from giving way to the felicita- 
tions of his friends for its accomplifliment. Perhaps 
he defpaired of throwing upon every part of it all the 
light which at firft he thought he might be able ; and 
found it prudent to mature his ideas by new medita- 
tions: this may probably have been as powerful a caufe 
as that other calls and occupations, perpetually accumu- 
lating, Ihould not have allowed him to purfue it as lie 
had intended. He has always laid Nature open to full 
view; and the thinneft veil darkened her till he fucceed- 
ed in removing it altogether. 

The phyfiology of Haller that Spallanzani ftudied, 
fixed his attention upon the circulation of the blood, 
in which he difeovered feveral remarkable phenomena. 
He publifhed, in 1768, a fmall traft : Dell’ Azione del 
Cuore tie’ Vafi Sanguigni nuovi Offervazioni, and he re- 
printed it in 1773, with three new differtations, Be9 

Fenomeni della Circolazione ffervata neP Giro univerfali 
de' Vafi; De' Fenomeni della Circolazione Languente; 
1 )e' Aloti del Sangue, independente del Azione del Cuore e 
del Pulfare delle Arterie This work, but little known, 
contains a feries of obfervations and experiments, of the 
moft ingenious and delicate nature, upon a fubjed of 
which the furface only is known. It merits the at- 
tention of thole who are interefted in the progrefs of 
phyfiology. 

When the univerfity of Padua was re eftablifhed up- 
on a larger fcale, the Emprefs Maria Therefa dire&ed 
the Count de Firmian to invite him to-fill a chair, as 
profeffor of natural hiftory ; his great reputation ren- 
dered him eligible for this diftindion, folicited by many 
celebrated men, and he merited it by his fuccefs, and 
by the crowd of ftudents w>ho thronged to his leflbns. 
Only great men make excellent matters, becaufe their 
ideas are the moft perfpicuous, the moft exteniive, and 
beft conneded. 

Spallanzani united a vaft extent of knowledge to a 
fine genius ; a method fimple, but rigorous in its na- 
ture; and he conneded what he knew to principles firm- 
ly eftablifhed. His ardent love of truth made him dif- 
cufs, with the utmoft care, the theories which prevad- 
ed ; to found their fohdity, and difeover their weak 
fides. T. he great art which he had acquired, of inter- 
preting Nature by herfelf, diffufed fuch a light over his 
leffons, as made every thing perfpicuous that was capable 
of affording inftrudion. An eloquence at once plain 
and lively animated his difeourfe ; the purity and ele- 
gance of his ftyle charmed all who heard it : in fhort, 
it was known that he always occupied himfelf about 
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the means of rendering hisleflbns ufeful, which he pre- 

, pared a year beforehand. They became always new 
' and engaging, by his new obfervations, and by the en- 
larged &views that his meditations prefented to him. 
The learned perfons who attended his leftures were 
pleafed to become his fcholars, in order to know better 
what they already knew, and to learn that which other- 
wife they would perhaps never have known.. 

In arriving at the univerfity, Spallanzani took the 
Contemplation de la Nature of Bonnet for the text of his 
leffons : he filled up the vacancies in it, he unfolded the 
ideas, and confirmed the theories by his experiments. 
He believed, with reafon, that the book which infpired 
him with the love of natural hiftory by reading it, was 
the moft proper to give birth to it in the minds of his 
difciples. . . , 

He tranflated it into Italian, and enriched it with 
notes ; he added a preface to it, wherein he pointed out 
the fubje&s of the vegetable and animal economy, which 
in an efpecial manner deferyed the,attention of his pu- 
pils ; and fometimes pointing out to them the means 
of fucceeding in their refearches. It was thus he at firtl 
devoted himfelf to the pleafing employment of inftruc- 
tor of his countrymen, and that he became the model 
of thofe who were defirous of inftruaing ufefully. He 
publifiled the firft volume of his tranflation in 1769, 
and the fecond in 1770. 

The conne&ion of Spallanzani with Bonnet had an 
influence upon his genius, which bent to the fevere me- 
thod of the philofopher of Geneva. He prided_ him- 
felf in being his pupil, and he unceafingly meditated 
upon his admirable writings ; and thus it was that he 
became defirous of feeking in Nature for the proofs of 
Bonnet’s opinion upon the generation of organized bo- 
dies, and that this charming fubjedf fixed his attention 
for a long time. 

He publiflied, in 1776, the two firft volumes oi his 
Opufcoli di F'ifica Animate e Vegetable :. they are the 
explanation of a part of the microfcopic obfervations 
which had already appeared. . . 

If the art to obferve be the moft difficult, it is ne- 
verthelefs the moft neceflary of all the arts ; but it lup- 
pofes every quality, every talent : and further, though 
each believes himfelf more or lefs confummate therein, 
yet it is obvious, that only great men have exercifed it 
in a diftinguifhed manner. Genius alone fixes the ob- 
iefts worthy of regard ; that alone direas the fenfes to 
the obfcurities which it is neceflary _ to diffipate ; it 
watches over them to prevent error ; it animates them 
to follow by the fcent, as it were, that which they have 
but a diftant view of: it takes off the veil which covers 
what we are looking after; it fupports the patience 
which waits the moment for gratifying the light in the 
midft of obftacles multiplying one upon another: in 
fiiort, it is genius that concentrates the attention upon 
an obieft, which communicates that energy to him for 
imagining, that fagacity for difcovermg, that prompt- 
nefs for perceiving, without which we fee only one hue 
of truth, when we do not happen to let it efcape alto- 
gether But this is not all; for after Nature has been 
read with precifion, it is neceffary to interpret her with 
fidelity ; to analyfe by the thought the phenomena ana- 
tomifed by the fenfes ; to confider of the fpecies by 
obferving the individual, and to anticipate the general 
propofitions by confidenng the unconnected fads. Here 
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prudence and circumfpe&ion will not always fecure us Spallan- 
againft error, if an ardent love for the truth does not, Zi*n1, 

allay obfervations and their confequences in its crucible, 
and thereby reduce every thing to fcorix which is not 
truth. 

Such was Spallanzani in all his refearches ; fuch we 
fee him in all his writings. Occupied by the great phe- 
nomenon of generation, he examined the opinion of 
Needham to demonftrate its want of foundation. T-he 
latter, not fatisfied with the microfcopic obfervations of 
Spallanzani, which weakened the imagined vegetative 
force to put the matter in motion, challenged the pro- 
feflbr of Reggio to a reperufal of what he had written ; 
but he proved to the other, that we in common prac- 
ti*? always fee that which has been ‘well obferved, but 
that we never again fee that which we have been con- 
tented with imagining we faw. 

Spallanzani has received much praife for the polite- 
nefs with which he carried on this controverfy, and for 
the fevere logic with which he demonftrates to Need- 
ham the caufes of his error ; and proves, that the ani- 
malculae of infufions are produced by germs ; that there 
are fome of them which defy, like certain eggs and 
feeds, the moft exceffive cold, as well as the heat of 
boiling water. On this occafion, he treats on th^ in- 
fluence of cold upon animals, and proves that the le- 
thargic numbnefs of fome, during winter, does not de- 
pend upon the impreffion the blood may receive from 
it ; fince a frog, deprived of his blood, becomes lethar- 
gic when he is reduced to the fame cold ftate by an 
immerfion in ice, and fwims as before when reftoied to 
warmth. . In the fame manner he (hews that odours, 
various liquors, the vacuum, aft upon animalcule as up- 
on other animals ; that they are oviparous, viviparous, 
and hermaphrodite. Thus, in running over thefe di- 
ftant regions of Nature with this illuftrious traveller, we 
are always meeting with new fafts, profound remarks, 
precious details, and fome curious anecdotes ; in fhort, 
an univerfal hiftory of thofe beings which are the moft 
numerous ‘of the globe, although their- exiftence is 
fcarcely fufpefted, and whofe organization is in many 
refpefts different from that of known animals. 

The fecond volume of this work is a new voyage in- 
to the moft unknown parts : a fublime pencil had al- 
ready painted it, but the pifture was not done att'.r 
Nature. Spallanzani here gives a hiftory of the fper- 
matic animalcule, which the eloquent hiftorian above 
alluded to always confounds with the animalcule of in- 
fufions. We cannot but admire the model! diffidence 
of this new demonftrator, ftruggling again!! his own 
opinion and the authority of Buffon ; and he appears 
to admit, with repugnance, the refults of his multi- 
plied, and in a thoufand ways varied, obfervations, 
which expofe the feeblenefs of the fylfem of organic 
molecule. _ 

Spallanzani afterwards deferibes the volvox and the 
flow-moving animalcule {rotifere and tardigrade), thofe 
coloflufes of the microfcopic world, fo Angular by their 
figure and organization, but more Angular ft ill by their 
faculty of refuming life, after a total iuipenceof all the 
apparent afts of it during many years. v 

We will not here fpeak of the experiments of Spal- 
lanzani on the death of animals in clofe veflels, becaufe 
he took up the fubjeft again, and enlarged and exem- 
olified it by the new lights of chemiftry ; but this col- ■v J leftion 
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Spnllan- leftion he concludes with another on the hiftory of w- 

zani. getable mould growing on the furface of liquors and 
moift fubH-ances, the feeds of which he (hews to float in 
the air ; and he remarks, that thefe microfcopic cham- 
pignons or mufhrounis diitinguifh themfelves from other 
plants by their tendency to grow in all directions, 
without conforming to the almolt univerfal law of per- 
pendicularity of {talk to the ground. 

Spallanzani was placed at the head of the univerflty’s 
cabinet of natural hiftory, but he was little more than 
titular depofitary of a treafure which no longer exifted. 
He laid the foundations, however, for its renewal, and 
by his care it is become one of the mod precious and 
ufeful. He enriched it through his repeated travels by 
land and fea, in Europe, in Alia, acrofs the Apennines, 
the Alps, the Krapaeks, at the bottom of mines, on the 
top of volcanoes, at the mouth of craters : fupported 
by his ardent paffion in the midft of perils, he prefcrved 
the fang fro'ul of the philofopher to contemplate thefe 
wonders, and the piercing eye of an obfervtr to ftudy 
them. It is thus that he always diftinguiftied the pro- 
per objeCts for improving fcience by favouring inftruc- 
tion ; it is thus that he filled this depofitary with trea- 
fures, that all the gold in the world could not have ob- 
tained, becaufe gold never fupplies the genius and the 
difcernment of the enlightened natnralift. 

In 1779 Spallanzani ran over Switzerland and the 
Grifons ; he then went to Geneva, where he fpent a 
month with his friends, who admired him the more in 
his converfations after having admired him in his wri- 
tings. He then returned to Pavia, and publifhed, in 
1780, two new volumes of his Dijfertazione d't F'tfica 
Ammale i Vegctabile. He therein iweals the fecrets of 
the interpretation of two very obfcure phenomena, con- 
cerning the vegetable and animal economy. 

Some experiments made by Spallanzani upon digef- 
tion, for his leflons, engaged him to fludy this dark 
operation : he repeated Reaumur’s experiments upon 
the gallinaceous birds ; and he obferved that the tritu- 
ration, which is in this cafe an aid to digeftion, could 
not, however, be a very powerful means. He fawthat 
the gizzard of thofc birds which pulverife the ftones of 
fruit to pieces, as if done with needles or other fharp- 
pointed inftruments, did not digefl. the powder fo 
formed : that it was neeeflary it fhould undergo a new 
operation in the ftomach, before it Could become fit 
chyle for affording the elements of the blood and other 
humours. He ellablifhed the point, that the digeflion 
was performed in the ftomach of numerous animals by 
the powerful aftion of a juice which diftolves the ali- 
ments ; and to render his demonftration the more con- 
vincing, he bad the courage to make feveral experiments 
on himfelf which might have proved fatal, and had the 
addrefs to complete his proofs by artificial digeltions, 
made in glafles upon the table, by mixing the chewed 
aliments with the gaftric juice of animals, which he 
knew how to extraCt from their ftomachs. But this 
book, fo original by the multitude of experiments and 
curious obfervations which it contains, is ftill more wor- 
thy of attention by the philofophic fpirit which detect- 
ed it. 

This fubjeft is one of the mod difficult in phyfiolo- 
gy : the obferver is always compelled to a<ft. and to 
look with darknefs around him; he is obliged to ma- 
nage the animal with care, to avoid the derangement of 
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his operations; and when he has Jaboriomly completed SptflUw- 
his experiments, it is neceftary that he fhould well di- zam' 
ftinguifli the confequences, fometimes erroneous, which 
may be drawn from thofe of obfervation, which never 
deceive when they are immediate. Spallanzani, in this 
work, is truly a fine fpeCtacle ; fcrupuloufly analyfing 
the fafts in order to difcover their caufes with certain- 
ty ; inventing happy refources for furmounting the ob- 
ftacles which renew themfelves ; comparing Nature with 
his experiments, to judge of them ; catching hold in 
his obfervations of every thing that is efl’ential in them ; 
meafuring their folidity by the augmentation or dimi- 
nution of fuppofed carries ; drawing the heft founded 
conclufions, and rejecting the moft plaufible hypothefes ; 
niodcftly expofing the errors of thofe who have gone 
before him, and employing analogy with that wile cir- 
cumfpettion which infpires confidence in an inftrument 
at once fo dangerous and fo ufeful. But let it be 
known, Spallanzani had a capacity in particular for dif- 
covering the truth, while the greater part of obferva- 
tors Scarcely ever attain it ; and then, after having de- 
fcribed around them a circuitous trace, he runs upon it 
by a ftraight line, and pofleftes himfelf of it fo as that 
it cannot efcape him. 

This work put John Hunter out of humour ; and 
he publiftied, in 1785, Some Obfervations upon DigeJIion, 
wherein he threw out fome bitter farcafms againft Spal- 
lanzani ; who took ample revenge by puWifhing this 
work in Italian, and addreffing to Caldani, in 1788, 
Una Fetter a Apologetica in Rifpojla alle OJJervaUone del 
Signor Giovanni Hunter. He expofes, with modera- 
tion, but with an irrefiftible logic, the overfights of the 
Englith phyfiologift, and points out his errors in a man- 
ner which left him no hope of a reply. 

The fecond volume treats of the generation of ani- 
mals and plants. Spallanzani proves, by experiments 
as fatisfadtory as they are furprifing, the pre-exillence 
of germs to fecundation ; he {hews the exiftence of tad- 
poles in the females of five difterent fpecies of frogs, in 
toads, and in falamanders, before their fecundation : he 
recounts the fuccefs of fome artificial fecundations up- 
on the tadpoles of thofe five fpecies, and even upon a 
quadruped. He in the fame manner fhews the feed in 
the flowers, before the emifiion of their farina ; and by 
a fubtle anatomy of which one can hardly form an idea, 
he exhibits to the eye in the flower of the fpartium jun- 
ceum, the flliqua, its feeds, with their lobes, and the 
embryo plant ; he purfues them in their expanfion be- 
fore and after fecundation, and leaves not a doubt but 
that the feeds and the pericarpia exifted long before the 
bloflbming of the buds, and confequently a long time 
before they could have been fecundated. He has re- 
peated thefe obfervations upon various fpecies of plants 
with the fame refults ; in fhort, he has raffed the indi- 
viduals of plants with female flowers which have borne 
fecundated feeds, although they were out of the reach 
even of fufpicion of a communication with the farina 
of the male flowers. Such is the feries of furprifing 
phenomena Spallanzani adds to the hiftory of Nature. 

According to cuftom, he availed hinifelf of the aca- 
demical vacation of 1781, to make a journey, the ob- 
ject of which was to add to the cabinet of Pavia. He 
fet out in the month of July for Marfeilles, where he 
commenced a new hiftory of the fea, which had pre- 
fented him with a crowd of novel and curious fa&s up- 
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Spallan* on numerous genera of the inhabitants of the ocean. 

He went likewife to Finale, to Genoa, to Maffa, and 
to Carrara, to obferve the quarries of marble fo famous 
with the ftatuaries ; he returned to Spezzia, and thence 
brought to Pavia an immenfe harveft of tidies, cruftace- 
ous and teftaceous, which he depofited in that cabinet 
of which his voyages and travels had rendered him fo 
worthy to be the guardian* He vifited, in the fame 
view, and with the fame fuccefs, the coafts of Itlria in 
3782 ; the Apennine Mountains in 1783, where he 
noticed the terrible hurricanes, and the furpriiing va- 
pours which rendered that year fo famous in meteoro- 
logy. The cabinet of Pavia thus every year faw its 
riches increafe ; and in the fame proportion it became 
the objeft of ftrangers admiration ; but every one ad- 
mired Itill more the immenfe labour of Spallanzani, who 
had collefted every part of it. 

The Emperor Jofeph knew this when he came into 
Lombardy : he defired to have a converfation with Spal- 
lanzani ; and his majefty exprefled his approbation by 
prefenting him with his medal in gold. 

The univerfity of Padua offered to Spallanzani, in 
1785, the chair of natural hiflory, which the death of 
Anthony Vallifneri had left vacant, promifing him more 
confiderable advantages than thofe which he enjoyed at 
Pavia ; but the archduke doubled his penfion, and al- 
lowed him to accompany to Conltantinople the Chevalier 
Zuliani, who had juft been nominated ambaffador from 
the republic of Venice. 

He left this city the 21ft of Auguft ; and during his 
voyage made feveral obfervations upon the marine pro- 
ductions he met with in thofe climates, as well as upon 
the meteorological events of every day, among which 
he had the advantage of beholding a ipecies of water- 
fpout. He touched at feveral iflands in the Archipe- 
lago; which he examined, and went afhore at I roy to 
vilit the places fung by the poet whom he preferred to 
all others; and in treading upon that ground fo ancient- 
ly famous, he made fome geological obfervations truly 
original. One may judge before hand of the intereft 
we fhall feel in reading the Voyage of Spallanzani, by 
fome memoirs which have appeared in the Memoric 
della Societa Ilalmna upon the water-fpouts at fea, the 
flroke of the torpedo, divers marine productions, and 
the ifland of Cytherea, where he difcovered a mountain 
compofed of various fpecies of fofftls. Spallanzani ar- 
rived at Conftantinople the nth of OCtober, and re- 
mained there eleven months: he muft have been great- 
ly out of his element in that country of ignorance and 
fuperftition, if he had not had Nature to lludy, and 
Zuliani to hear him. The phyfical and moral pheno- 
mena of this country, quite new to him, fixed his at- 
tention ; he ftrayed over the borders of the two Teas, 
and climbed up the neighbouring hills; he vilited 
the ifland of Chalki, where he made known to the 
Turks a mine of copper, the exiftence of which they 
never fo much as fufpeCted. He went to the Principi 
ifland, a few miles diftant from Conftantinople, where 
he difcovered an iron mine equally unthought of by 
the Turks. He returned to Europe loaded with fpoils 
from the Eaft, compofed of the creatures of the three 
kingdoms, peculiar to thofe regions : after having been 
ufeful to the Orientals, who were incapable of appre- 
ciating his merit, or rather of imagining he could have 
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any, he fet out oti his return for Italy the 16th of Au- 
guft, 1786. . v 

A voyage by fea was in every refpeCt the moft fafe 
and the moft commodious ; but Spallanzani coniidered 
the dangers and the inconveniences of the road as no- 
thing when employed in any beneficial purfuit ; he 
braved all the perils of thofe defert regions, where there 
is no police, no fecurity. When he arrived at Bucha- 
reft, he was retained there during nine days by the ce- 
lebrated and unhappy Mauroceni, hofpodar of Wal- 
lachia. This prince, the friend of fcience, received him 
with diftinClion, prefented him with many of the rari- 
ties of his country, furnifhed him with horfes for tra- 
velling, and alfo gave him an efcort of thirty troopers 
throughout the whole extent of his dominions. Spal- 
lanzani pa{Ted by Hermanftadt in Tranfylvania, and ar- 
rived at Vienna the 7th of December, after having 
viewed the numerous mines of Tranfylvania, of Hun- 
gary, and of Germany, which lay iu the neighbourhood 
of his route. Spallanzani remained five days in this 
capital of Auftria ; he had two very long audiences 
with the Emperor Jofeph II. ; was well received by 
the higheft nobility in that metropolis, and vifited by 
the men of letters. At length arrived at Pavia; the 
Undents came to meet him out of the gates of the city, 
and accompanied him home, manifefting their joy all 
the way by repeated (bouts. Their great defire to hear 
him, drew him almoft immediately to the auditory, 
where they forced him to afcend the chair from which 
he had been accuftomed to deliver his le&ures to them. 
Spallanzani, affedled by this fcene, teftified with elo- 
quence his gratitude and attachment;—friendly wiflies, 
cries ofjoy, clapping of hands, recommenced with more 
force, and he was obliged to requeft them to defift, and 
allow him to take in his hoofe that repofe which was 
more neceflary than ever. He had in the courfe of this 
year above 500 ftudents. 

Spallanzani had acquired glory enough to merit the 
attacks of envy ; but his difcoveries were too new, too 
original, too folid to be difputed; envy itfelf was there- 
fore forced to admire him ; but that unworthy paflion, 
being tired out by the increafiug reputation df that 
great man, watched the moment to prove that it had 
not forgotten him. Envy and malignity then called in 
queftion his uprightnefs in the adminiftration of the ca- 
binet of Pavia ; the whole of which was the fruit of his 
own labours : but the darts aimed at his honour only 
made it (bine with new Juftre. The integrity of Spal- 
lanzani appeared even more pure after the juridical exa- 
mination of the tribunals. But let us (top here ; Spal- 
lanzani had the fortitude to forget this event which had 
torn his heart to pieces ; the great part of his enemies 
acknowledged their miftake, abjured their hatred, and 
did not defpair of regaining his (riendfliip. 

The cabinet of Pavia was always the objedt of Spal- 
lanzani’s thoughts ; am id ft the numerous rarities which 
he had placed there, he only faw thofe that were want- 
ing. Struck with its deficiency in volcanic matters, 
which had neither feries nor order, and confequently 
excited little intereft, being a mute article with refpedt 
to inftrudtion (although Italy was the theatre where 
the fires of volcanoes had for fo many ages exercifed 
their defolating powers), he took the refolution, with 
which his talents, his courage, and his zeal, infpired 
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Spallan- him. He was defirous to inflrudl Ins pupils^ his na- 

zanl‘^ tion, himfelf, concerning the phenomena fo ftriking, 
" and yet fo little known, and to colled the^documents 

of their hiftory in the places where they have always 
been the terror of thole who furrounded them, and 
where they have been ufelefsly the fubjed of the ob- 
fervations of the philofopher. He therefore prepared 
himfelf for this great enterprife by deep {Indies. He 
fet out for Naples, in the fummerof 1788, and afcend- 
ed mount Vefuvius ; he locked attentively into its cra- 
ter, examined and made notes in his books, and em- 
barked for the Lipari iflands. He difleded, as it were, 
the uninhabited volcanoes, with the exadnefs of a na- 
turalift anatomiiing a butterfly, and the intrepidity of 
a warrior defying the stnoil imminent dangers. It was 
then that he had the boldnefs to walk over that ful- 
phurous cruft, cleft with chinks, trembling, fmoking, 
burning, and fometimes treacheroufly covering the 
hearth of the volcano. He palled into Sicily, where 
he climbed up to Etna, and coafted it's immenfe crater. 
His curiofity* not being exhaufted, he would colled 
around him, and have in his mind, all the Angular phe- 
nomena that Sicily contained ; he examined the (tones 
and the mountains,, and difeovered many new marine 
animals ; he approached Seylla and Charybdis, and in 
a boat croffed the frothy billows of thofe deadly rocks, 
celebrated for fo many Ihipwrecks, and fo often fung 
by the poets ; but in the very midft of their frightful 
waves, he difeovered the caufe of their fury (See Scyl- 
la, Suppl.) It was thus that, at the age of 60, he 
picked up thofe numberlefs anecdotes which All his 
voyages in the two Sicilies ; and that he compared the 
defeription w'hich Homer, Pindar, Virgil, Diodorus Si- 
culus, and Strabo, have given of thefe ever famous 
places, with that which he made himfelf. In this man- 
ner he fliewed the connexion of ancient literature with 
natural hiftory. 

We And in the voyages of Spallanzani a new volca- 
nology. He therein teaches the way to meafure thein- 
tenfity of the Are of volcanoes, to glance at the caufes, 
to touch almoft, in the analyfts which he makes of the 
lava, that particular gas which, refembling a powerful 
lever, tears from the bowels of the earth, and raifes up 
to the top of Etna, thofe torrents of Hone in fufion 
which it difgorges; to furvey the nature of thofe pu- 
mice-ftones, which he has Ance explained in his artift- 
cial pumice flones. He concludes this charming work 
with fome interefting, inquiries into the nature of fwal- 
lows, their mild difpoAtiom!, rapid flight; fuggefting 
that an advantage might be drawn from them in the way 
of aerial poll; their migrations determined by the tem- 
perature of the air, and the birth of infefts it occaAons : 
in fhort, he difeufles the famous problem of their re- 
maining benumbed during winter ; and proves, that ar- 
tiAcial cold, much greater than that ever naturally felt 
in our climates, does not render thefe birds lethargic. 
He next fpea^s of a fpecies of owl, hitherto very ill 
deferibed ; and, laftly, of eels and their generation, 
which is a problem ftill in fome meafure to be folved ; 
but he carries it on by his inquiries to that ilep which 
alone remains to be made for obtaining a complete fo- 
lution ; or to get over it eaAly by a fmall number of 
obfervations in thofe times and places pointed out, but 
which the academical occupations of Spallanzani forced 
him to give up to others. 

Spallanzani followed the progrefs of the French che- Spallan- 
miftry with much fatisfa&ion, nor was he long before zam' 
Ire adopted it ; it was calculated for a juft conception ' v " 
like his, delighting to give an account of every pheno- 
menon he obferved. The folidity of principles in this 
new doftrine, the preciAon in its way of proceeding, 
the elegance of its interpretation, the generality of its 
confequences, prefently replaced in his mind the hefita- 
tions and the obfeurities of the ancient chemiftry ; and 
his heart anticipated with pleafure the triumphs that it 
was about to obtain. 

In 1791, Spallanzani publiflied a letter addrefled to 
Profefibr Fortis, upon the Pennet Hydrofcope. He 
there relates the experiments which he had diredled to 
be made for afeertaining the degree of conAdence which 
might be allow'ed to the Angular talents of this man ; but 
he ingenuoufly confelfes, that he is not decided upon 
the reality of the phenomenon. 

Spallanzani has often difeovered that which might 
have been deemed impofixble. In 1795 he made a dif- 
covery of this nature, which he publifhed in his Lettere 
fopra il fofpetio d’nn nuovo fenfo net PlppiJlrM. We there- 
in learn that the bats, if blinded, aft in every refpeft 
with the fame preciAon as thofe which have their eyes ; 
that they in the fame manner avoid the moft trifling ob- 
ftacles, and that they know where to fix themfelves on 
ceafing their flight. Thefe extraordinary experiments 
were confirmed by feveral natural philofophers, and 
gave occafion to fufpeft a new fenfe in thefe birds, be- 
caufe Spallanzani thought he had evinced by the way 
of excluAon, that the other fenfes could not fupply 
the deAciency of that Aght which he had deprived 
them of ; but the anatomical details of Profeflbr Jurine, 
upon the organ of hearing in this Angular bird, made 
him incline afterwards towards the idea, that the fenfe 
of hearing might in this cafe fupply that of Aght, as in 
all thofe where the bats are in the dark. 

Spallanzani concluded his literary career for the ■ 
public, by a letter addrefled to the celebrated Giobert; „ 
Sopra la piante chiufe nc'vajl dentro Vaqua e Paria, ef- 
pojle a P immediata lume folare e a Pombra. It is a mis- 
fortune for this part of the fcience, that his death has 
deprived us of the difeoveries he was about to make in it. 

Thefe numerous works, printed and applauded, did 
not however contain all the feries of Spallanzani’s la- 
bours. He had been occupied a conftderable time upon 
the phenomena of refpiration ; their refemblances and 
differences in a great number of fpecies of animals ; and 
he was buAly employed in reducing to order his re? 
fearches upon this fubjeft, whiA will aftoniffi by the 
multitude of unforefeen and unexpected faCts. He has 
left a precious colleftion of experiments and new ob- 
fervations upon animal reproductions, upon fponges, 
the nature of which he determines, and upon a thou- 
fand interefting phenomena which he knew how to 
draw out of obfeurity. He had almoft Aniftied his 
voyage to Conftantinople, and had amaffed conftder^ble 
materials for a Hiftory of the Sea, when an end was 
put to his life and his labours, 

On the 4th of February J 799, he was feized with a 
retention of urine, the fame night was unquiet, and in 
the morning he loft all powers of reafon, which he 
never recovered but during very (hort intervals. His 
intimate friends, Tourdes, a French phyftcian, and the 
celebrated Profeffor Scarpa, did every thing which 

could 
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Snecle'i coiiU be expelled from genius, experience, and friend- 

Spectacles to fave him ; but he died the 17th, after having 
edified thofe around him by his piety. This lamentable 
event overwhelmed all his family in for row, occafioned 
the tears to flow from all his friends, filled his difeiplea 
with a deep affliction, and excited the regret of a na- 
tion proud of having given him birth. _ 

The reader.cannot but have perceived in this fketch 
the (train of panegyric, rather than the calm nairative 
of impartial biography. It is, in fact, an abiidged 
tranflation of an eloge by a citizen philofopher of Ge- 
neva, who has adopted the calendar, and probably the 
principles of republican France. Some abatement there- 
fore will naturally be made by every Briton of the 
praifes bellowed upon the piety of Spallanzani ; but 
after proper allowance of this kind, truth will proclaim 
him a very great man. Accordingly, France, Ger- 
many, England, all were eager to avail themfelves of 
his works by means of tranflations. Fie was admitted 
into the academies and learned focieties of London, 
Stockholm, Gottingen, Flolland, Lyons, Bologna, 
Turin, Padua, Mantua, and Geneva. Fie was a cor- 
refpondent of the academy of fciences of Paris and of 
Montpelier : and received from the great Frederic him- 
felf the diploma of member of the academy of Berlin. 

SPECIES, in algebra, are the letters, fymbole, 
marks, or charafters, which reprefent the quantities in 
any operation or equation. 

Species, in optics, the image painted on the retina 
by the rays of light refle&ed from the feveral points of 
the furface of an objeft, received in by the pupil, and 
colleded in their paflage through the cryftalline, See. 

SPECTACLES (See Encycl.) are certainly the 
mod valuable of all optical inftruments, though there is 
not the fame fcience and mechanical ingenuity difplay- 

■ ed in the making of them as in the conltru£lion of mi- 
crofeopes and telefcopes. A man, efpecially if accu - 
tomed to fpend his time among books, w^ould be much 
to be pitied, when his fight begins to fail, could he not, 
in a great meafure, reflore it by the aid of fpcAacles ; 
but there are fome men whofe fight cannot be aided by 
the ufe either of convex or concave glaffes.. The fol- 
lowing method adopted by one of thole to aid his fight 
is certainly worthy of notice : _ a 

When about fixty years of age, this man had almo t 
entirely loft his fight, feeing nothing but a kind of thick 
mift, while little black fpecks which appeared to float m 
the air. He knew not any of his friends, he could not 
even diftinguifh a man from a woman, nor could he 
walk in the ftreets without being led. Glaffes were 
of no ufe to him ; the beft print, feen through the 
belt fpedtacles, feemed to him like a daubed paper. 
Wearied with this melancholy ftate, he thought of the 
following expedient. 

He procured fome fpeftacles with very large rings ; 
and, taking out the glafles, fubflituted in each circle a 
conic tube of black Spanifh copper. Looking through 
the large end of the cone he could read the fmalleft 
print placed at its other extremity. Thefe tubes were 
of different lengths, and the openings at the end were 
alfo of different fizes; the fmaller the aperture the bet- 
ter could he diftinguifh the fmalleft letters; the larger 
the aperture the more words or lines it commanded ; and 
confequently the lefs occafion was there for moving the 
head and the hand in reading. Sometimes he ufed one 
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eye, fometimes the other, alternately relieving each, for Spe&re. 
the rays of the two eys could not unite upon the fame —~~v~- 
object when thus feparated by two opaque tubes. The 
thinner thefe tubes, the lefs troublefome are they. 
They muft be totally blackened within fo as to prevent 
all fhining, and they fhould be made to lengthen or 
contrail, and enlarge or reduce the aperture at pleafure. 

When he placed convex glafles in thefe tubes, the 
letters indeed appeared larger, but not fo clear and di- 
ftinct as through the empty tube : he alfo found the 
tubes more convenient when not fixed in the Ipeitacle 
rings ; for when they hung loofely they could be raifed 
or lowered with the hand, and one or both might be 
ufed as occafion required. It is almoft needlefs to add, 
that the material of the tubes is of no importance, and 
that they may be made of iron or tin as well as of cop- 
per, provided the infides of them be fufficiently blacken- 
ed. See La NouvcUe Bigarnre for February 1754, 
Monthly Magazine for April 1799. 

SPECTRE of the Broken, a curious phenomenon 
obferved on the fummit of the Broken^ one of the Harz 
mountains in Hanover. We have the following ac- 
count of it by M. Haue. “ After having been here 
(fays he) for the thirtieth time, and having procured 
information refpedling the abovementioned atmofpheric 
phenomenon, 1 was at length, on the 23d of May 
1797, fo fortunate as to have the pleafure of feeing it ; 
and perhaps my defeription may afford fatisfaclion to 
others who vifit the Broken through curiofity. The 
fun rofe about four o’clock, and, the atmofphere being 
quite ferene towards the eaft, his rays could pafs with- 
out any obftrudlion over the Heinrichflidhe. In the 
fouth-weft, however, towards Achtermannfhdhe, a brific 
weft wind earned before it thin tranfparent vapouis, 
which were not yet condenfed into thick heavy clouds. 

“ About a quarter paft four I went towards the inn, 
and looked round to fee whether the atmolphere would 
permit me to have a free profpedl to the fouth-weft } 
when I obferved, at a very great diftance towards Aeh- 
termannfhbhe, a human figure of a monftrous fize. A 
violent guft of wind having almoft carried away my 
hat, I clapped my hand to it by moving my arm to- 
wards iny head, and the coloffal figure did the fame. 

« The pleafure which 1 felt on this difeovery can 
hardly be deferibed ; for I had already walked many a 
weary ftep in the hopes of feeing this ftiadowy image, 
without being able to gratify my curiofity. I imme- 
diately made another movement by bending my body, 
and the coloffal figure before me repeated it. I ivas 
defirous of doing the fame thing once more—but my 
coloffus had vaniflied. I remained in the lame pofition, 
waiting to fee whether it would return ; and in a few 
minutes it again made its appearance on the Achter- 
mannftibhe. I paid my refpedls to it a fecond time, 
and it did the fame to me. I then called the landlord 
of the Broken ; and having both taken the fame pofi- 
tion which I had taken alone, we looked towards the 
Achtermannftidhe, but faw nothing. We had not, 
however, ftood long, when two fuch coloffal figures 
were formed over the above eminence, which repeated 
our compliments by bending their bodies as we did ; 
after which they vanilhed. We retained our pofition ; 
kept our eyes fixed on the fame fpot, and in a little the 
two figures again ftood before us, and were joined by a 
third. Every movement that we made by bending our 
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Speculum, bodies thefe figures imitated—but with this difterence, 
—“v that the phenomenon was fometimes weak and faint, 

fometimes ftrong and well defined. Having thus had 
an opportunity of difcovering the whole fecret of this 
phenomenon, I can give the following information to 
fuch of my readers as may be defirous of feeing it them- 
i'elves. When the riling fun, and according to analogy 
the cafe will be the fame at the fetting fun, throws his 
rays over the Broken upon the body of a man Handing 
©ppofite to fine light clouds floating around or hover- 
ing paft him, he needs only fix his eyes Aedfaftly upon 
them, and, in all probability, he will fee the lingular 
fpeftacle of his own fhadow extending to the length of 
five or fix hundred feet, at the diltance of about two 
miles before him.” 

If our memory does not deceive us, there is in one 
of the volumes of the Manchejler TranfaSions an ac- 
count of a fimilar phenomenon obferved by Dr Ferrier, 
on a hill fomewhere in England. 

SPECULUM for refledling telefcopes. Under this 
title (Encycl.) we have given the compofition of the 
mist metal of which it has been found by experience 
that the bell fpeculums are made ; we have likewife 
given, under the fame title, fome diredlions for calling 
fpeculums: but owing to a circumflance in which the 
public can take no intereft, we negledled to give direc- 
tions for grinding and polilhing them, and omitted fome 
ttther circumftauces, which, though not fo important 
as thefe, are certainly worthy of notice. Thefe omifiions 
it is the objeft of this article to fupply. 

When the metal is taken out of the flalks (See n° 3. 
of the article referred to), which it fhould be as foon as 
it has become foil’d, and while it is yet red-hot, care 
mu 11 be taken to keep the face downwards to prevent 
it from finking. Holding it in that pofition by the 
git, force out the fand from the hole in the middle of 
the mirror with a piece of wood or iron, and place the 
fpeculum in an iron pot, with a large quantity of hot 
alhes or fmall coals, fo as to bury the fpeculum in them 
e fufficient depth. If the fand is not forced out of the 
hole in the manner above diredled, the metal, by fink- 
ing as it cOols, will embrace the fand in the middle of 
the fpetulum fo tight, as to caufe it to crack before it 
becomes entirely cold. And if the metal is not taken 
tout of the fend, and put in a pot with hot alhes or 
coals to anneal it, the moifture from the fand will al- 
ways break the metal. Let the fpeculum remain in 
the afhes till the whole is become quite cold. The git 
tnay be eafily taken off by marking it round with a 
tmmmon fine half round file, and giving it then a gentle 
blow. The metal is then to be rough ground and figured. 

It may be proper, however, before we proceed to 
deferibe that procefs, to give an account of another 
Compofition for the fpeculum of a refledling telefcope, 
which has been employed with great fuccefs, by Rochon 

■*3ire6lor of the marine obfervatory at Breft. Of this 
bompofition the principal ingredient is platinum ; which, 
in grains, muft be purified in a ftrong fire by means of 
nitre and the felt of glafs, or that flux which in the 
Englifh glafs-houfes is called by the workmen fandifer. 
To the platinum, when purified, add the eighth part 
tof the metal employed in the compofition ©f common 
fpecula ; for tin without red copper would not produce 
a good effeft. This mixture is then to be expofed to 
the ttiofl violent heat, which muff be ftill excited by 
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the oxygen gas that difengages itfelf from nitre when Speculum, 
thrown into the fire. One melting would be infuffi- 
cient : five or fix are requifite to bring the mixture to 
perfe&ion. It is neceffary that the metal fliould be in 
a ftate of complete fufion at the moment when it is 
poured into the mould. By this procefs I have been 
enabled (fays our author) to conftruft a telefcope with 
platinum, which magnifies the diameters of objedls five 
hundred times, with a degree of clearnefs and diftina- 
nefs requifite for the niceff obfervations. The large fpe- 
culum of platinum weighs fourteen pounds : it is eight 
inches in diameter, and its focus is fix feet. Though 
the high price of platinum will, in all probability, for 
ever prevent it from coming into general ufe for the 
fpeculmns of telefcopes, we thought it proper to notice 
this difeovery, and fhall now proceed to the grinding of 
the fpeculum. 

For the accomplifhing of this objea, a very compli- 
cated procefs is recommended in Smith’s Optics, and 
one not much more fimpler by Mr Mudge in the 67th 
volume of the Phi/ofophical 'Tranfadions; but accord- 
ing to Mr Edwards, whofe fpeculums are confeffedly 
the beft, neither of thefe is neceffary. Befides a com- 
mon grindftone, all the tools that he made ufe of are 
a rough grinder, which ferves alfo as a poliffier, and a 
bed ot hones. When the fpeculum was cold, he ground 
its furface bright on a common grindftone, previoufly 
brought to the form of the gage ; and then took it to 
the rough grinder. 

This tool is compofed of a mixture of lead and tin, 
or of pewter, and is made of an elliptical form, of fuch 
dimenlions, that the ftiorteft diameter of the ellipfe is 
equal to the diameter of the mirror or fpeculum, and 
the longeft diameter is to the ftiorteft in the proportion 
of ten to nine. This rough grinder may be fixed upon 
a block of wood, in order to raife it higher from the 
bench ; and as the metal is ground upon it with fine 
emery, Mr Mudge, with whom, in this particular, Mr 
Edwards agrees, diredls a hole or pit to be made in 
the middle of it as a lodgement for the emery, and deep 
grooves to be cut out acrofs its furface with a graver 
for the fame purpofe. By means of a handle, fixed on 
the back of the metal with foft cement, the fpecultim 
can be whirled round upon this grinder fo rapidly, that 
a common labourer has been known to give a piece of 
metal, four inches in diameter, fo good a face and figure 
as to fit it for the hones in the fpace of two hours. 
The emery, however fine, will break up the metal very 
much ; but that is remedied by the fubfequent procelfes 
of honing and polifhing. 

When the metal is brought to a true figure, it muft 
be taken to a convex tool, formed of fome Hones from 
a place called Edgedon in Shropfhire, iituated between 
Ludlow and Bifhop’s caftle. The common blue hones, 
ufed by many opticians for this purpofe, will fcarcely 
touch the metal of Mr Edwards’s fpeculums; but whert 
they muft be employed for want of the others, as little 
water fliould be ufed as poflible when the metal is put 
upon them ; becaufe it is found by experience that they 
cut better when but barely wet, than when drenched 
with water. The Hones, however, from Edgedon are 
greatly preferable ; for they cut the metal more e&fily, 
and having a very fine grain, they bring it to a fmooth 
fece. Thefe ftones are direited by Mr Mudge to be 
cemented in fmall pieces upon a thick round piece of 

marble, 
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Speculum* marble, or of metal made of tin and lead like the former 
V“—' compofitions, in fuch a manner, that the linea between 

the Hones may run ftraight from one fide to the other ; 
fo that placing the teeth of a very fine faw in each of 
thefe divifions, they may be cleared from one end to 
the other of the cement which rifes between the ilones. 
As foon as the hones are cemented down, this tool 
muft be fixed in the lathe, and turned as exaftly true 
to the gage pofiible. It fiiould be of a circular fi- 
gure, and but very little larger than the metal intended 
to be figured upon it. If it be made confideiably 
larger, it will grind the metal into a larger fphere and a 
bad figure ; and if it be made exa&ly of the fame fize, 
it will work the metal indeed into a figure truly fphe- 
rical, but will be apt to fhorten its focus, unlefs the 
metal and tool be worked alternately upwards. On 
thefe accounts, Mr Edwards recommends it to be made 
about one twentieth part longer in diameter than the 
fpeculum, becaufe he has found that it does not then 
alter its focus ; and he earneftly diffuades the ufe of 
much water on the hone pavement at the time of ufing 
it, otherwife, he fays, that the metal in different parts 
of it will be of different degrees of brightnefs. 

When the metal is brought to a very fine face and 
figure by the bed of ftones, it is ready to receive a po- 
lifh, which is given to it by the elliptical rough grinder 
covered with pitsfi* With rebpeft to the confiffency 
of this pitch, Mr Mudge and Mr Edwards give very 
different direaio-ns. Whilft the former fays that it 
ihould be neither too hard nor too foft, the latter af- 
firms that the harder the pitch is, the better figure it 
will give to the metal. Pitch may be eafily made of a 
fufficient hardnefs by adding a proper quantity of rofin ; 
and when it is hardened in this way, it is not fo brittle 
as pitch alone, which is hardened by boiling. Mr Ed- 
wards advifes to make the mixture juft fo hard as to 
receive, when cold, an imprefiion from a moderate pref- 
fure of the nail of one’s finger._ When the elliptical 
tool is to be covered with this mixture, it muft be made 
pretty warm, and in that ftate have the mixture poured 
upon it when beginning to cool in the crucible. Our 
author recommends this coating to be made every where 
of about the thicknefs of halfa-crown ; and to give it 
the proper form, it muft, when iomewjiat cool, be 
preffed upon the face of the mirror, which has firft: been 
dipped in cold water, or covered over with very fine 
writing paper. If it be not found to have taken the 
exadl figure from the firft preffure, the furface of the 
pitch muft be gently warmed, and the operation repeat- 
ed as before. All the fuperfluous pitch is now to be 
taken away from the edge of the polifher with a pen- 
knife, and a hole to be made in the nuddle, accurately 
round, with a conical piece of wood. I his hole fhould 
go quite through the tool, and (honld be made of the 
fame fize, or fomewhat lefs than the hole in the middle 
of the fpeculum. Mr Edwards fays, that he has al- 
ways found that fmall mirrors, though without any 
hole in the middle, poliih much better, and take a more 
correct figure, for the polilher’s having a hole in the 
middle of it. 

The polifher being thus formed, it muft be very 
gently warmed at the fire, and divided into feveral 
fquares by the edge of a knife. Thefe, by receiving the 
fmall portion of metal that works oft in polifhing, wni 
caufe the figure of the fpeculum to be moie correct 

than if no fuch fquares had been made. Mr Mudge Speculum 
dire&s the polifher to be ftrewed over with very fine s ;nJ|in_ 
putty ; but Mr Edwards prefers Colcothar of vitriol. "Machine. 
(See that article, Encycl.) Putty (fays he) gives me- 
tals a white luftre, or, as workmen call it, a filver hue ; 
but good colcothar of vitriol will polifh with a very fine 
and high black luftre, fo as to give the metal finifhed 
with it the completion of polifhed fteel. To know if 
the colcothar of vitriol is good, put fome of it into 
your mouth, and if you find it diffolves away it is good 4 
but if you find it hard, and crunch between your teeth, 
then it is bad, and not well burned. Good colcothar 
of vitriol is of a deep red, or of a deep purple colour ; 
and is foft and oily when rubbed between the fingers ; 
bad colcothar of vitriol is of a light red colour, and 
feels harfh and gritty. The colcothar of vitriol fhould 
be levigated between two furfaces of polifhed fteel, and 
wrought with a little water ; when it is worked dry, 
you may add a little more water, to carry it lower down 
to what degree you pleafe. When the colcothar ofi 
vitriol has been wrought dry three or four times, it will 
acquire a black colour, and will be low enough, or fuf- 
ficiently fine, to give an exquifite luftre. This levi- 
gated colcothar of vitriol muft be put into a fmall phial, 
and kept with fome water upon it. When it is to be 
ufed, every part of the pitch-polifhev muft be firft brufh- 
ed over with a fine camel’s hair brufh, which has been 
dipped in pure water, and rubbed gently over a piece 
of dry clean foap. The walked colcothar of vitriol is 
then to be put upon the polifher ; and Mr Edwards di- 
rects a large quantity of it to be put on at once, fo as 
to faturate the pitch, and form a fine coating. If a 
fecond or third application of this powder be found ne- 
ceffary, it muft be ufed very fparingly, or the poliih 
will be deflroyed which has been already attained. 
When the metal is nearly polifhed, there will always 
appear fome black mud upon its furface, as well as up- 
on the tool. Part of this muft be wiped away with 
fome very foft wafli leather : but if the whole of it be 
taken away, the polifhing vrill not be fo well completed. 

With refpedt to the parabolic fgure to be given to 
the mirror, Mr Edwards uffures us, that a very little 
experience in thefe matters wull enable any one to givt 
it with certainty, by polifhing the fpeculum in the com- 
mon manner, only with crofs ftrokes in every direftion, 
upon an elliptical tool of the proper dimeniions. 

SPINDLE, in geometry, a folid body generated 
by the revolution of fome curve line about its bafe or 
double ordinate ; in oppofition to a conoid, which is 
generated by the rotation of the curve about its axis or 
abfeifs, perpendicular to its ordinate. _ The fpindle is 
denominated circular, elliptic, hyperbolic, or parabolic, 
&c. according to the figure of its generating curve. 

Spindle, in mechanics, fotnetimes denotes the axis 
of a wheel, or roller, &c. and its ends are the pivots. 

SPINNING machine. The ancient Greeks were 
not, like the modern pbilofophers, unwilling to ac- 
knowledge their obligations to Providence for all the 
comfort and enjoyments of life, nor felt pride in 
deriving every thing from their own talents. They 
were even difpofed to think that thofe very talents were 
infpired. Their firft inftru&ors, the poets, gave to A- 
pollo the honour of that power of invention and ima- 
gination by which they inftrlifted and charmed their 
admiring hearers. The prophetefs diftated her oracles, 

the 
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Pp nning. t^e poet fung his enraptured drain only when infpired. 

The happy thought of twining a thread, and working 
it into a blanket, when viewed by that ingenious and 
acutely fenfible people in all its importance, as the pro- 
testor of the human race from the feverity of the 
weather, feemed a prefent from heaven, as the infpira- 
tion of a divinity ; and the diftafr and the loom were 
M inerva’s firft title to a feat among the great gods on 
Olympus. 

We are much inclined to be of the fame opinion. 
When we obferve, that in all the countries which have 

■been difcovered by the navigators of the three lad cen- 
turies, the didaff and fpindle, and the needle, have been 
found, we own ourfelves much difpofed to think that 
they are the vefults of indinft. Our indinfts are not 
all fimple and blind, like that which directs the new- 
born animal to the bread of its mother without know- 
ing why. We have indindts of intelleft as well as of 
appetite ; and the logic of common converfation is an 
example of many fuch. We doubt not but that the 
noble-minded inhabitants of Pelew would have wor- 
fhipped as a divinity an Englifh maiden with her fpin- 
ring wheel and fly. Surely he who diould carry them 
this homelybut ingenious machine, and a potter’s wheel, 
would do them more fervice than if he taught them all 
the fcience of a Newton, with all the phiiofophy of the 
18th century into the bargain. We do not know, ex- 
cept perhaps the fteam engine, any mechanical inven- 
tion that has made fuch amazing addition to the adti- 
vity and indudry and opulence of this highly favoured 
ifland, as the invention of Mr Arkwright for fpinning 
by water, where dead matter is made to perform all 
that the niced finger can do when diredfed by the never- 
ceafing attention of the intelligent eye. Minerva has 
the undifputed honours of the didaff and fpindle. W^ 
know not to what benefadlor we owe the dy-wheel. 
Mr Arkwright has the honour of combining them 
both, and infpiring them with his own fpirit : for we 
may truly fay of the contrivance which pervades the 
wonderful machinery of a cotton mill, 

i 
Totof que infufa per art us 

Mens agitat tnolem et magno fe corpore mifcet. 

To give an intelligible and accurate defcription of a 
cotton mill would be abundant employment for a vo- 
lume. Our limits admit of nothing like this ; but as 
we are certain that many of our readers have viewed a 
cotton mill with wonder, but not with intelligence, nor 
with leifure to trace the deps by which the wool from 
the bag ultimately adumes the form of a very fine 
thread. Bewildered by fuch a complication of machi- 
nery, all in rapid motion, very few, we imagine, are able 
to recolledt with didindfnefs and intelligence the effen- 
tial part of the procefs by which the form of the cotton 
is fo wonderfully changed. Such readers will not think 
a page or two mifemployed, if they are thereby able to 
underftand this particular, to which all the red of the 
procefs is fubfervient. 

We pafs over the operation of carding, by which all 
the clots and inequalities of the cotton wool are remo- 
ved, and the whole is reduced to an uniform thin deece, 
about 20 inches broad. This is gradually detached 
from the finifhing card, and, if allowed to hang down 
from it, would pile up on the door as long as the mill 
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continues to work ; but it is guided off from the card, S| inrin^. 
very tenderly, in a horizontal direction, by laying its Machine, 
detached etnl over a roller, which is dowly turned round ■m v 
by the machine. Another roller lies above the fleece, 
preffing it down by its weight. By this prefl'ure, a 
gentle hold is taken of the fleece, and therefore the 
flow motion of the rollers draws it gently from the card 
at the fame rate as it is difengaged by the comb; but be- 
tween the card and the rollers a fet of finooth pins are 
placed in two rows*, leading from the card to the rol- 
lers, and gradually approaching each other as we ap- 
proach the rollers. By thefe pins the broad fleece is 
hemnred in on both fides, and gradually contra&ed to 
a thick roll: and in this date pafies between the rollers, 
and is compred'ed into a pretty firm flat riband about 
two inches broad, which falls off from the rollers, and 
piles up in deep tinplate cans fet below to receive it. 

It is upon this dripe or riband of cotton wool that 
the operation of fpinning begins. The general effect 
of the fpinning procefs is to draw out this maffive roll, 
and to twid it as it is drawn out. But this is not to 
be done by the dngers, pulling out as many cotton 
fibres at once as are neceffary for compofing a thread of 
the intended linenefs, and continuing this manipulation 
regularly acrofs the whole end of the riband, and thus, 
as it were, nibbling the whole of it away. The fingers 
mud be diredted, for this purpofe, by an attentive eye. 
But in performing this by machinery, the whole riband 
mult be drawn out together, and twided as it is drawn. 
This requires great art, and very delicate management. 
It cannot be done at once ; that is, the cotton roll can- 
not fird be dretched or drawn out to the length that is 
ultimately produced from a tenth of an inch of the roll, 
and then be twided. There is not cohefion enough for 
this purpofe ; we fliould only break off a bit ot the 
roll, and could make no farther ufe of it. The fibres 
of cotton are very little implicated among each other 
in the roll, becaufe the operation of carding has laid 
them almod parallel in the roll; and though compreffed 
a little by its contraction from a fieece of 20 inches to 
a riband of only 2, and afterwards compreffed between 
the difeharging rollers of the carding machine, yet they 
cohere fo flightly, that a few fibres may be drawn out 
without bringing many others along with them. For 
thefe reafons, the whole thicknefs and breadth of two or 
three inches of the riband is dretched to a very minute 
quantity, and then a very dight degree of twid is given 
it, viz. about three turns in the inch ; fo that it (hall 
now compofe an extremely foft and fpongy cylinder, 
which cannot be called a thread or cord, becaufe it has 
fcarcely any firmnels, and is menely rounder and much 
flenderer than before, being uretched to about thrice its 
former length. It is now called dab, or roove. 

Although it be dill extremely tender, and will not 
carry a weight of two ounces, it is much mot e cbhedve 
than before, becaufe the twid given to it makes all the 
longitudinal fibres bind each other together, and com- 
prefs thofe which lie athwart ; therefore it will require 
more force to pull a fibre from among the red, but 
dill not nearly enough to break it. In drawing out a 
fingle fibre, others are drawn out along with it; and if 
we take hold of the whole affemblage, in two places, 
about an inch or two inches afunder, we fhall find that 
we may draw it to near twice its length without any 



S P I Is2 

rifle of its feparating in any intermediate part, or be. 
ine. coming much i'maller in one part than another. It teems 

to yield equably over all. 
Such is the ftate of the flab or roove of the brlt 

formation. It is ufually called thtpreparation ; and the 
operation of fpinning is cbnfidered as not yet begun. 
This preparation is the moil tedious, and requires more 
attendance and hand labour than any fubfequent part o 
the procefs. For the ftripesor ribands from which it is 
made are fo light and bulky, that a few yards only can 
be piled up in the cans fet to receive them. A perron 
mull therefore attend each thread of flab, to join freih 

- flripes as they are expended. It is alfo the moil im- 
portant in the inanufaflure ; for as every’ inch ot the 
flab meets with precifely the fame drawing and the 
fame twilling in the fubfequent parts of the procefs, 
therefore every inequality and fault in the flab (.inceed m 
the fleece as it quits the finifhing card) will continue 
through the whole manufacture. The fpinning ot cot- 
ton yarn now divides into two branches. 1 he hrit, 
performed by what are calltd jennies, perfeCUy reiembles 
the ancient fpinning with the dillaft and fpindle ; the 
other, called fpinning of twifi, is an imitation ot the 
fpinning with the fly-wheel. They differ in the fame 
manner as the fpinning with the old wool or cotton- 
tvheel differs from the fpinning with the flax-wheel. 
Mr Arkwright’s chief invention, the fubllitution ot 
machinery for the immediate work of the human finger^, 
is feen only in the manufacture of twill. We mail 
therefore confine our attention to this. 

The rell of the procefs is little more than a repeti- 
tion of that gone through in making the fiiil flab or 
roove. It is formed on bobins. f hefe are fet on the 
back part of the drawing frame ; and the end of the 
.flab is brought forwards toward the attending work- 
man. As it comes forward, it is llretched or drawn 
to about f of its former length, or lengthened y ; and 
is then twilled about twice as much as before, and in 
this Hate wound up on another bobin. In fome mills 
two rooves, after having been properly drawn, _ are 
brought together through one-hole, and twilled into 
one ; but we believe that, in the greater number of 
mills, this is deferred to the fecond drawing. It is on- 
ly after the firlt drawing that the produce of the opera- 
tion gets the name of flab ; before this it is cafled pre- 
paration, or reeve, or by fome other name. I he flab 
is Hill a very feeble, foft, and delicate yarn, and will 
not carry much more weight than it did before in the 
form of roove. The perfedion of the ultimate thread 
or yarn depends on this extreme foftnefs ; for it is this 
only which makes it fufceptible of an equable llretch- 
ing ; all the fibres yielding and feparating alike. 

The next operation is the fecond drawing, which no 
way differs from the firll, except in the different pro- 
portions of the lengthening, and the proportion be- 
tween the lengthening and the fubfequent twift. On 
thefe points we cannot give any very diflinCl infor- 
mation. It is different in different mills, and with dif- 
ferent fpecies of cotton wool, as may be eafily ima- 
gined. The immediate mechanifm or manipulation mull 
be fkilfully accommodated to the nature of that friaion 
which the fibres of cotton exert on each other, ena- 
bling one of them to pull others along with it. This 
is greatly aided by the contorted curled form of a cot- 
ton fibre, and a confiderable degree of ekfllicity which 
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it pofieffes. In this relped it greatly refembles woollen Sp^nnmg- 
fibres, and differs exceedingly from thofe of flax : and „ ^ 
it is for this reafon that it is fcarcely pofiible to fpin 
flax in this way : its fibres become lank, and take ally 
fhape by the flightefl comprefiion, efpCciaily wdien damp 
in the flightefl degree. But beiides this, the fuiface 
of a cotton fibre has a harfhnefs or roughnefs, which 
greatly augments their mutual fri£tion. I his is pro- 
bably the reafon why it is fo unfit for tents and other 
dreffings for wounds, and is refufed by the furgeon 
even in the meanefl hofpitals. But this harfhnefs and 
its elaflicity fit it admirably for the manufacture of 
yarn. Even the fhortnefs of the fibre is favourable : 
and the manufadlure would hardly be poffible if the 
fibre were thrice as long as it generally is. If it be 
juft fo long that in the finifhed thread a fibre will rather 
break than come out from among the rell, it is plain 
that no additional length can make the yarn any ftrong- 
erwitk the fame degree of comprefiion by twining. A 
longer fibre will indeed give the fame firmnefs of adhe- 
rence with a fmaller comprefiion. This would be an 
advantage in any other yarn ; but in cotton yarn the 
compreffion is already as flight as can be allowed; were it 
lefs, it would become woolly and rough by the fmallefl 
ufa^e, and is already too much difpofed to teazle out. 
It can hardly be ufed as fewing thread. Now fuppofe 
the fibres much longer ; fome of them may chance to 
be flretched along the flab through their whole length. 
If the flab is pulled in oppofite direai.ons, by pinching 
it at each end of fucb fibres, it is plain that it will not 
flretch till this fibre be broken or drawn out; and that 
while it is in its extended flate, it is a&ing on the other 
fibres in a very unequable manner, accoiding to their 
pofitions, and renders the whole apt to feparate more- 
irregularly. This is one great obflacle to the fpinning 
of flax by fimilar machinery ; and it has hitherto pre- 
vented (we believe) the working up of any thing but 
theJhorts or tow, which is feparated from the long fine 
flax in the operation of hatcheling. 

A third, and fometimes even a fourth, drawing is 
given to the flab formed on the bobins of this fecond 
operation. The flab produced is now a fierider, but 
flill extremely foft cord, fufceptible of confiderable ex- 
tenfion, without rifle of reparation, and without the 
fmalldl chance of breaking a Angle fibre in the attempt. 
In one or more of the preparatory drawings now de- 
feribed, two, and fometimes three flabs of a former 
drawing, are united before the twill is given them. 
The pradlice is different in different mills. It is plain, 
that unlefs great care be taken to preferve the flab ex- 
tremely foft and compreffible during the whole procefs, 
the fubfequent drawing becomes more preearious, and 
we run a rifle of at lafl making a bad and loofe tlnead 
in (lead of a uniform and Ample yarn. Such a thread 
will have very little lateral conne&ion, and will not 
bear much handling without feparating into flrands. 
The perfection of the yarn depends on having the lafl 
flab as free of all appearance.of flrands as poffible. 

The lafl operation is the fpinning.this flab. This 
hardly differs from the foregoing drawings in any thing 
but the tv. ill that is given it after the lafl firetching in 
its length. This is much greater than any of the pre- 
ceding, being intended to give the yarn hardnefs and 
firmnefs, fo that it will now break rather than ftretch 
anymore. Thev 
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Spinning- 
Machine. 

Plate 
XLIII. 

The reader, moderately acquainted with mechanics, 
cannot but perceive that each of the operations now 
defcribed, by which the roove is changed into the foft 
flab, and each of thefe into one flenderer and fomewhat 
firmer, by alternately teazling out and twining the foft 
cord, is a fubftitute for a Angle pull of the finger and 
thumb of the fpinlter, which flie accommodates precife- 
ly to the peculiar condition of the lock of wool which 
ihe touches at the moment. She can follow this thro’ 
all its irregularities ; and perhaps no two fucceeding 
plucks are alike. But when we cannot give this mo- 
mentary attention to every minute portion, we muft be 
careful to introduce the roove in a ftate of perfedl uni- 
formity ; and then every inch being treated in the fame 
manner, the final refult will be equable—the yarn will 
be uniform. 

We are now to defcribe the mechanifm by which all 
this is effe&ed. But we do not mean to defcribe a cot- 
ton mill ; we only mean to defcribe What comes into 
immediate conta& with the thread ; and in fo doing, 
to confine ourfelves to what is neceflary for making the 
reader perceive its ability to perform the required talk. 
We fee majiy cafes where individuals can apply this 
knowledge to ufeful purpofes. More than this would, 
we think, be improper, in a national point of view. 

Let ABC reprefent the fedlion of a roller, whofe 
pivot D does not turn in a pivot hole, but in the 
bottom of a long narrow notch DE, cut in an iron 
ftandard. a b c h the feftion of another iron roller, 
vvhofe pivot d is in the fame notches at each end, while 
the roller itfelf lies or refts on the roller ABC below 
it. The furfaces of thefe rollers are fluted lengthwife 
like a column ; only the flutings are very fmall and 
fharp, like deep ftrokes of engraving very clofe toge- 
ther. It is plain, that if the roller ABC be made to 
turn flowly round its axis by machinery, in the direc- 
tion ABC (as expreffed by the dart), the roughnefs of 
the flutings will take hold of the fimilar roughnefs of 
the upper roller a be, and carry it round alfo in the 
direftion of the dart, while its pivots are engaged in 
the notches DE, which they cannot quit. If there- 
fore we introduce the end F of the cotton firing or ri- 
band, formed by the carding machine, it will be pulled 
in by this motion, and will be delivered out on the other 
fide at H, confiderably comprefled by the weight of the 
upper roller, which is of iron, and is alfo preffed down 
by a lever which refts on its pivots, or other proper 
places, and is loaded with a weight. There is nothing 
to hinder this motion of the riband thus comprefled 
between the rollers, and it will therefore be drawn thro’ 
from the cans. The comprefled part at H would hang 
down, and be piled up on the floor as it is drawn thro’; 
but it is not permitted to hang down in this manner, 
but is brought to another pair of lharp fluted iron rol- 
lers K and L. Suppofing this pair of rollers to be of 
the fame diameter, and to turn round in the fame time, 
and in the fame dire<Stion with the rollers ABC, abc\ 
it is plain that K and L drag in the compreffed ri- 
band at I, and would deliver it on the other fide at M, 
ft ill more compreffed. But the roller K is made (by 
the wheel work) to turn round more fwiftly than ABC. 
The difference of velocity at the furface of the rollers 
is, however, very fmall, feldom exceeding one part in 
12 or 15. But the confequence of this difference is, 
that the Ikein of cotton HI will be lengthened in the 
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fame proportion ; for the upper rollers prefling on the Spinning, 
under ones with a confiderable force, their fharp flutingg Machine, 
take good hold of the cotton between them ; and fince J 

K and L take up the cotton fafter than ABC, and abc 
deliver it out, it muft either be forcibly pulled through 
between the firft rollers, or it muft be ftretched a little 
by the fibres flipping among each other, or it muft 
break. When the extenfion is fo very moderate as we 
have juft now faid, the only effed of it is merely to be- 
gin to draw the fibres (which at prefent are lying in 
every pofiible diredlion) into a more favourable pofition 
for the fubfequent extenfions. 

The fibres being thus drawn together into a more 
favourable pofition, the cotton is introduced between a 
third pair of rollers O, P, conftrudted in the fame way, 
but fo moved by the wheelwork that the furface of O 
moves nearly or fully twice as faft as the furface of K. 
The roller P being alfo well loaded, they take a firm 
hold of the cotton, and the part between K and O is 
nearly or fully doubled in its length, and now requires 
a little twining to make it roundifh, and to confolidate 
it a little. 

It is therefore led Hoping downwards into a hole or 
eye in the upper pivot of the firft fly, called a jack. This 
turns round an upright axis or fpindle ; the lower end 
of which has a pulley on it to give it motion by means 
of a band or belt, which paffes round a drum that is 
turned by the machinery. This jack is of a very inge- 
nious and complicated conftrudtion. It is a fubftitute 
for the fly of the common fpinning wheel. If made 
precifely in the form of that fly, the thread, being fo 
very bulky and fpongy, and unable to bear clofe pack- 
ing on the bobin, would fwag out by the whirling of 
the fly, and would never coil up. The bobin therefore 
is made to lie horizontally ; and this occafions the com- 
plication, by the difficulty of giving it a motion round 
a horizontal axis, in order to coil up the twilled roove. 
Mr Arkwright has accompliflied this 111 a very ingeni- 
ous manner; the effential circumftances of which we lhall 
here briefly defcribe. A is a roller of hard wood, ha- 
ving its furface cut into fliarp flutes longitudinally. On 
the axis, which projedls through the fide of the gene- 
ral frame, there is a pulley P, connedled by a band with 
another pulley Q_^, turning with the horizontal axis 
QJL This axis is made to turn by a contrivance which 
is different in every different cotton mill. The fimpleft 
of all is to place above the pulley C (which is turned 
by the great band of the machinery, and thus gives mo- 
tion to the jack) a thin circular dife D, loofe upon the 
axis, fo as to turn round on it without obftruftion. If 
this dife exceed the pulley in breadth about one-tenth 
of an inch, the broad belt which turns the pulley will 
alfo turn it ; but as its diameter is greater than that of 
the pulley, it will turn fomewhat flower, and will there- 
fore have a relative motion with refpedft to the axis QR. 
This can be employed, in order to give that axis a very 
flow motion, fuch as one turn of it for 20 or 30 of the 
jack. This we leave to the ingenuity of the reader. 
The bobin B, on which the roove is to be coiled up, 
lies on this roller, its pivots palling through upright 
flits in the fides of the general frame. It lies on A, 
and is moved round by it, in the lame manner as the 
uppermofl of a pair of drawing rollers lies on the un- 
der one, and receives motion from it. It is evident that 
the fluted furfaces of A, by turning flowly round, and 
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Spinninp- carrying the weight of the bobin, comprefles a little 
Machine cotton that is between them ; and its flutings, be- 

11.. ing (harp, take a (light hold of it, and caufe it to turn 
L ' round alfo, and thus coil up the roove, pulling it in 

through the hole E in the upper pivot (which reiembles 
the fore pivot or eye of a fpinning wheel fly) in (o 
gentle a manner as to yield whenever the motion of the 
bobin is too great for the fpeed with which the cotton 
(kein is difeharged by the rollers O and P.—A7. B. 
The axis Q_R below, alfo gives motion to a guide with- 
in the jack, which leads the roove gradually from one 
end of the bobin to the other, and back again, lo as to 
coil it with regularity till the bobin is full. The whole 
of this internal mechanifm of the jack is commonly (hut 
up in a tin cylinder. This is particularly nece(fary 
when the whirling motion mull be rapid, as in the fe- 
cond and third drawings. If open, the jacks would 
meet with much refiilance from the air, which would 
load the mill with a great deal of ufelefs work. 

The reader is defxred now to return to the begin- 
ning of the procefs, and to conlider it attentively in its 
different (lages. We apprehend that the defeription is 
fufficiently perfpicuous to make him perceive the effi- 
cacy of the mechanifm to execute all that is wanted, 
and prepare a flab that is uniform, foft, and ftill very 
extenfible ; in fliort, fit for undergoing the lad treat- 
ment, by which it is made a fine and firm yarn. 

As this part of the procefs differs from each of the 
former, merely by the degree of twift that is given to 
the yarn, and as this is giveu by means of a fly not ma- 
terially different from that of the fpinning wheel for 
flax, we do not think it at all neceffary to fay any thing 
more about it. 

The intelligent reader is furely fenfible that the yarn 
produced in this way muft be exceedingly uniform. 
The uniformity really produced even exceeds all expec- 
tation ; for even although there be fome fmall inequali- 
ties in the carded fleece, yet if thele are not matted 
clots, which the card could not equalife, and only con- 
iiil of a little more thicknefs of cotton in fome places 
than in others, when fuch a piece of the ftripe comes 
to the firft roller, it will be rather more dretched by 
the fecond, and again by the bobin, after the fird very 
flight twining. That this may be done with greater 
certainty, the weights of the fird rooving rollers are 
made very fmall, fo that the middle part of the (kein 
can be drawn through, while the outer parts remain 
fad held. 

We are informed that a pound of the fined Bourbon 
cotton has been fpun into a yarn extending a few yards 
beyond 119 miles. 

Elater SPRING, in phyfics, denotes a natural fa- 
culty, or endeavour, of certain bodies to return to their 
fird date, after having been violently put out of the 
fame by compreffing, or bending them, or the like. 
This faculty is ufually called by philofophers elajiic 

force, or elajlicity. 
T. SQUARE, or Tee Square, an indrument ufed 

in drawing, fo called from its refemblance to the capi- 
tal letter T. 

STAPELIA, a genus of plants belonging to the 
clafs pentandria, in the Linnaean arrangement, and to 
the order digynia. The generic chara&ers are the fol- 
lowing : The calyx is monophyllous, quinquefid, acute, 
fmall, and permanent. The corolla is monopetalous, 
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flat, large, and divided, deeper than the middle, into Stapelia, 
five parts, with broad, flat, pointed lacinite. The neda-~v~“ 
r'nim is fmall, dar-(haped, flat, quinquefid, with linear 
lacinitt ; and embracing with its ragged points the feed- 
forming parts. Another fniall dar, which is alfo flat 
and quinquefid, covers the feminiferous parts with its 
entire acute lacinite. The Jlamina are five in number ; 
the jilamenU are ered, flat, and broad ; and the anthei<e 
are linear, on each fide united to the fide of the fila- 
ment. I be pijlillum has two germina, which are oval 
and fiat on the .infide. There are no Jiyles; and the 

Jligmata are obfolete. The Jeed-vejJA confids of two 
oblong, awl-ihaped, unilocular and univalved follicles. 
'1 he feeds are numerous, imbricated, comprefled, and 
crowned with a pappus or down. 

This lingular tribe of plants is peculiar to the Tandy 
deferts of Africa and Arabia. They are extremely 
fucculent. From this peculiarity of (trudure, the 
power of retaining water to fupport and nourilh them, 
they are enabled to live during the prevalent droughts 
of thofe arid regions. On this account the ftapejia 
has been compared to the camel; and we are told that, 
by a very apt limilitude, it has been denominated “ the 
camel of the vegetable kingdom.” We mull confefs 
ourfelves quite at a lots to lee the propriety or aptitude 
of this comparifon. In many parts of the animal and 
vegetable economy there is doubtlefs a very obvious and 
linking analogy : but this analogy has been often car- 
ried too far ; much farther than fair experiment and 
accurate obfervation will in any degree fupport. It is 
perhaps owing to this inaccuracy in obferving the pe- 
culiarity of llrudure and diverlity of fundions, that a 
refemblance is luppofed to exilt, as in the prelent cafe, 
where in reality there is none. The camel is provided 
with a bag or fifth llomach, in addition to the four 
with which ruminant animals are furnilhed. This fifth 
llomach is dellined as a refervoir to contain w ater ; and 
it is fufficiently capacious to receive a quantity of that 
neceffary fluid, equal to the wants of the animal, for 
many days ; and this water, as long as it remains in 
the fifth llomach, is faid to be pertedly pure and un- 
changed. The Jlapelia, and other fucculent plants, 
have no fuch refervoir. The water is equally, or near- 
ly fo, diffuled through the whole plant. Every veffel 
and every cell is fully dillended. But belides, this 
water, whether it be received by the roots, or abforbtd 
from the atmofphere, has probably undergone a com- 
plete change, and become, after it has been a Ihort time 
within the plant, a fluid poffeffed of very different qua- 
lities. 

The peculiar economy in the ftapelia, and other fuc- 
culent plants, feems to exiil in the abforbent and exha- 
lant fyllems. The power of abforption is as much in- 
creafed as the power of the exhalant or perfpiratory 
veffels is diminifhed. In thefe plants, a fmall quantity 
of nourilhment is required. There is no folid part to 
be formed, no large fruit to be produced. They ge- 
nerally have very fmall leaves, often are entirely naked; 
fo that taking the whole plant, a fmall furface only is 
expofed to the a6lion of light and heat, and confe- 
quently a much fmaller proportion of water is decom- 
pofed than in plants which are much branched and fur- 
nilhed with leaves. 

Two fpecies of ftapelia only were known at the be- 
ginning of the century. The unfortunate Forlkal, the 
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companion of Niebhur, who was fent out by the king 
of Denmark to explore the interior of Arabia, and w o 
fell a facrifice to the peflilential difeafes of thofe inhoi- 
pitable regions, difcovered two new fpecies. Thun- 
berg, in his Praclromus, has mentioned five more. For- 
ty new fpecies have been difcovered by.MrMaflbn of 
Kew Gardens, who was fent out by his prefent Ma- 
jelty for the purpofe of collecting plants round the 
Cape of Good Hope. Defcriptioos of thefe, with ele- 
gant and highly finifhed coloured engravings, have lately 
been publiihed. They are chiefly natives of the exten- 
five deferts called Karro, on the weftern fide of the 
Cape. 

STAR, in fortification, denotes a fmall fort, ha- 
ving five or more points, or faliant and re-entering 
angles, flanking one another, and their faces 90 or too 
feet long. 

STARCH (fee Encycl.) is commonly made ot 
wheat, and the very heft ftarch can poffibly be made of 
nothing elfe. Wheat, however, is too valuable an ar- 
ticle of food to be employed as the material of llaich, 
when any thing elfe will aftfwer the purpofe ; and it 
has long been known that an inferior kind of llarch 
may he made of potatoes. Potatoes, however, are 
themfelves a valuable article of food ; and it is there- 
fore an object of importance to try if ftarch may not 
be made of iomething ftill lefs ufeful. 

On the 8th of March 1796, a patent was granted to 
Lord William Murray for his difeovery of a method by 
which ftarch may be extracted from horfe-chefnuts. 
That method is as follows : 

Take the horfe-chefnuts out of the outward green 
prickly hulks ; and then, either by band, with a knife 
or other tool, or elfe with a mill adapted for that pur- 
pofe, very carefully pare off the brown rind, being par- 
ticular not to leave the frnalleft fpeck, and to entirely 
eradicate the fprout or growth. Next take the nuts, 
and rafp, grate, or grind them fine into water, either 
by hand, or by a mill adapted for that purpofe. Wkfh 
the pulp, which is thereby formed in this water, as clean 
as poffible, through a coarfe horfe hairfieve; this again 
wafh through a finer fieve, and then again through a 
flill finer, conflantly adding clean water, to prevent any 
ftarch from adhering to the pulp. T he laft procefs is, 
to put it with a large quantity of water (about four 
gallons to a pound of ftarch) through a fine gauze, 
tnuflin, or lawn, fo as entirely to clear it of all hi an or 
other impurities. As foon as it fettles, pour oft the 
water ; then mix it up with clean water, repeating t.us 
operation till it no longer imparts any green, yellow, or 
other colour to the water. Then drain it off till near- 
ly dry, and fet it to bake, either in the ufual mode of 
baking ftarch, or elfe fpread out before a brifle ihe ; 
being very attentive to ftir it frequently to prevent its 
horning, that is to fay, turning to a pafte or jelly, 
which, on being dried, turns hard like horn. The whole 
procefs fhould be conduced as quickly as pofiible. 

Mention is here made of a mill which may be em- 
ployed to grind the horfe-chefnuts ; but none is deferi- 
bed as proper for that purpofe. Perhaps the follow- 
ing mill, which was invented by M. Beaume for giinding 
potatoes, with a view to extradft ftarch from them, may 
anfwer for grinding horfe-chefnuts. 

He had a grater made of plate iron, in a cylindrical 
form (fig. 1.) about feven inches in diameter, and about 

eight inches high : the burs made by ftamping the holes 
are on the infide. This grater is fupported upon three 
feet AAA, made of flat iron bars, feven feet high, 
ftrongly rivetted to the grater ; the bottom of each 
foot is bent horizontally, and has a hole in it which re- 
ceives a ferew, as at A, fig. 4. A little below the up- 
per end of the three feet is fixed a crofs piece B (fig. 
, and 4.), divided into three branches, and rivetted to 
the feetT This crofs piece not only ferves to keep the 
feet at a proper diftance from each other, and to pre- 
vent their bending ; but the centre of it having a hole 
cut in it, ferves to fupport an axis or fpindle of iron, to 
be prefently deferibed. _ _ 

The upper end of this cylindrical grater has a diver- 
ging border of iron C (fig* I* 4* an^ ?•)’ ^kout ten 
inches in diameter at the top, and five inches in height. 

Within this cylindrical grater is placed a fecond gra- 
ter (fH 2. and 3.), in the form of a cone, the point 
of which is cut off. The latter is made of thick plate 
iron, and the burs of the holes are on the outfide ; it is 
fixed, with the broad end at the bottom, as in fig. 4. 
At the upper end of the cone is rivetted a frnall tri- 
angle, or crofs piece of iron, confifting of three branches 
D (fig* 2.), in the middle of which is made a fquare- 
hole, to receive an axis or fpindle ; to give moie re- 
fiftance to this part of the cone, it is {lengthened by 
means of a cap of iron E, which is fixed to the grater 
by means of rivets, and has alfo a fquare hole made in 
it, to let the axis pafs through. 

Fig. 3. reprefents the fame cone feen in front ; the 
bafe F has alfo a crofs piece of three branches, rivetted 
to a hoop of iron, which is fixed to the inner furface 
of the cone ; the centre of this crofs piece has alfo a 
fquare hole for the paflage of the axis. 

Fig. 5. is a fpindle or axis itfelf; it is a fquare^bar 
of iron about 16 inches long, and more than half an 
inch thick ; round at the bottom, and alfo towards the 
top, where it fits into the crofs piece T, fig. 7. and B, 
fi.r 1. and 4.; in thefe pieces it turns round, and by 
them it is kept in its place. It muft be fquare at its 
upper extremity, that it may have a handle, about nine 
inches long, fixed to it, by means of which the conical 
grater is turned round. At G. (fig. 5*)» a fmall hole 
is made through the axis, to receive a pin H, oy means 
of which the conical grater is kept at its proper height 
within the cylindrical one. . _ 

Fig. 6. is a bird’s eye view, in which the mill is re- 
pj-efented placed in an oval tub, like a bathing tub. . I 
is the fore-mentioned triangular iron crofs, fixed with 
ferews to the fide of the tub ; the centre of it has a 
round hole, for the axis of the mill to move in when it 
is ufed.   . , 

Fig. 7* reprefents the mill in the oval tub ; it is 
placed at one end of it, that the other end may be left 
free for any operation to be performed in it which may 
be neceffary. A part of the tub is cut off, that the 
infide of it, and the manner of fixing the mill, may be 
feen. That the bottom of the tub may not be worn 
by the ferews which pafs through the feet of the mill, 
a deal board, about an inch thick, and properly ffiaped, 
is placed under the mill. , 

When we wifh to make ufe of this mill, it is to be 
fixed by the feet, in the manner already defenbed ; it 
is alfo fixed at the top, by means of the crofs piece I, 
fig. 6. and 7. The tub is then to have water poured 
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Starch, into it as high as K» and the top of the 
1 filled with potatoes, properly walhed acd cut; the han- 
dle L is to be turned round, and the potatoes, after 
being ground between the two graters, go out gra- 
dually at the lower part, being afhfled by the motion 
produced in the water by the action of the mill. 

It is not neceffary, in the conftrudtion of fuch a mill, 
to be very particular with refpe£t to its proportions ; 
but, in order to make known thofe which experience 
has proved to be good ones, a fcale is given with the 
figures, to which recourfe may be had. With a mill 
of this fize, too pounds of potatoes may be ground in 
the fpace of two hours. 

We are perfuaded that this mill will anfwer perfectly 
well for grinding horfe-chefnuts ; and we hope, that 
where they can be had they will be ufed in preierence 
to potatoes. We (hall, however, give M. Beaume’s me- 
thod of extracting ftarch from the ground potatoes, 
not only becaufe it will be acceptable to thofe who 
have not horfe-chefnuts, but alfo becaufe thofe who 
have may, by following it, be able, perhaps, to make 
ftarch of them, without encroaching upon Lord Wil- 
liam Murray’s patent. 

In order to prepare ftarch from potatoes, fays M. 
Beaume, any quantity of thefe roots may be taken, and 
foaked in a tub of water for about an hour; they aie 
afterwards to have their fibres and fhoots taken oft, and 
then to be rubbed with a pretty ftrong brufh, that the 
earth, which is apt to lodge in the inequalities of their 
-furface, may be entirely removed; as this is done, they 
-are to be wafhed, and thrown into another tub full of 
clean water. When the quantity which we mean to 
make ufe of has been thus treated, thofe which are too 
large are to be cut into pieces about the fize of eggs, 
and thrown into the mill ; that being already fixed in 
the oval tub, with the proper quantity of water; the 
handle is then turned round, and as the potatoes are 
grated they pafs out at the bottom of the mill The 
pulp which colledls about the mill mull be taken off 
from time to time with a wooden fpoon, and put afide 
in water. , , . . r , 

When all the potatoes are ground, the whole of the 
pulp is to be colleded in a tub, and mixed up with a 
great quantity of clean water. At the fame time, an- 
other tub, very clean, is to be prepared, on the brim of 
which are to be placed too wooden rails, to fupport a 
hair fieve, which mull not be too fine. The pulp and 
water are to be thrown into the fieve ; the flour paffes 
through with the water, and frefh quantities of water 
are fuccefilvely to be poured on the remaining pulp, 
till the water runs through as clear as it is poured in. 
In this way we are to proceed till all the potatoes that 
were ground are ufed. 

The pulp is commonly thrown away as ufelefs; but 
it fhould be boiled in water, and ufed as food for ani- 
mals ; for it is very nourifhing, and is about -gths of 
the whole quantity of potatoes ufed. 

To return from this fhort digreflkm, The liquor 
which has pafied through the fieve is turbid, and of a 
brownifh colour, on account of the extradive matter 
which is diffolved in it; it depofits, in the fpace of 
■five or fix hours, the flour which was fufpended in it. 
When all the flour is fettled to the bottom, the liquor 
is to be poured off and thrown away, being ufelefs ; 
s. great quantity of very clan water is then to be pour- 
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mill is to be ed upon the flour remaining at the bottom of the tub, 
which is to be ftirred up in the water, that it may be 
wafhed, and the whole is to ftand quiet till the day 
following. The flour will then be found to have fet- 
tled at the bottom of the tub ; the water is again to 
be poured off as ufelefs, the flour wafhed in a frefh 
quantity of pure water, and the mixture pafled through 
a filk fieve pretty fine, whicE will retain any fmad 
quantity of pulp which may have pafled through the 
hair fieve. The whole muft once more be fuffered to 
ftand quiet till the flour is entirely fettled ; if the wa- 
ter above it is perfedly clear and colourlefs, the flour 
has been fufficiently wafhed ; but if the water has any 
fenfible appearance either of colour or of tafte, the flour 
muft be again wafhed, as it is abfolutely neceflary that 
none of the extradive matter be fuffered to remain. 

When the flour is fufficiently wafhed, it may be taken 
out of the tub with a wooden fpoon ; it is to be placed 
upon wicker frames covered with paper, and dried, 
properly defended from dull. When it is thoroughly 
dry, it is to be pafled through a filk fieve, that if any- 
clotted lumps fhould have been formed they may be di- 
vided. It is to be kept in glafs veftels flopped with pa- 
per only. See f^egttalle Substances, Suppl. 

A7". B. Almoft all the flour of potatoes that is to be 
bought contaius a finall quantity of fand, which is per- 
ceived between the teeth; it is owing to the potatoes 
not having been properly wafhed; for the fand which 
lodges in the knobs and wrinkles of thefe roots, is not 
always eafy to get out. 

STARLINGS, or Sterlings, the name given to 
the ftrong pieces of timber which were driven into the 
bed of the river to protedt the piles, on the top of 
which were laid the flat beams upon which were built 
the bafes of the ftone piers that fupport the arches of 
London bridge. In general, ftarlings are large piles 
placed on the outfide of the foundation of the piers of 
bridges, to break the force of the water, and to protedl 
the ftone work from injury by floating ice. They are 
Qtherwife called Jettes, which fee in this Supplement ; 
and their place is often fupplied by large ftones thrown 
at random round the piers of bridges, as may be feen 
at Stirling budge when the river is low ; and as was 
done by Mr Smeaton’s diredlion round the piers of the 
centre arch of London bridge, when it was thought in 
danger of being undermined by the current. See 
Smeaton, Encycl. 

STATIONARY, in aftronomy, the ftate of a pla- 
net when, to an obferver on the earth, it appears .tor 
fome time to ftand ftill, or remain immoveable in the 
fame place in the heavens. Tor as the planets, to fuch 
an obferver, have fometimes a progreffive motion, and 
fometlmes a retrograde one, there muft be fome point 
between the two where they muft appear ftationary. 

STEAM, Steam-Engine. The few following cor- 
re&ions of thefe articles in the EncycL were communi- 
cated by the author. 

Page 745. col. I.—It was not at the York Build- 
ing waterworks in London that the boiler burft, but iu 
the country in an engine erefted by Dr Defaguilliers. 
See his Experimental Philofophy, Vol. II. p. 489. 

Page 746. col. 2.—The condenfation requires more 
cold water than is here allowed, as will appear by and 
bye; and we alfo ful'ped that the rapidity is over- 
rated with which a great volume of fleam is condenfed 

3X2 ' ' *>y 



s T E <3* ] S T E 
by the cold furfacc of a veffel. We are well informed 
that Mr Watt was much difappointed in his expecta- 
tions from a contlruftion in which this mode of con- 
denfation was adopted. The condenfer employed by 
Mr Cartwright (fee Phil. Mag.) was one of the very 
firil thought of and tried for this purpofe, and was gi- 
ven up, as well as all others on the fame principle ; and 
the immediate contaft of cold water was preferred as 
incomparably more effective. The great fuperiority of 
the capacity of water for heat is now well known. It 
is true, that when we employ an exteniive cold furface 
of the condenfer, this fmface is kept cold by the water 
round it ; and therefore we ffill avail ourfelves of this 
great avidity of water for heat. But this water muff 
aCt through the intervention of the veffel ; and the fub- 
ftance of the veffel does not convey heat to the fur- 
rounding water in an inffant. 

Page 749. col. 2. — No diftinft experiment fliews fo 
great an expanfion of water, when converted into fteam 
at the temperature 2120 ; and under the preflure of the 
air Mr Watt never found it more than 1800 times ra- 
rer than water. 

Page 753. col. r.— The heat expended in boiling off 
a cubic foot of water is about fix times as much as 
would bring it to a boiling heat from the medium tem- 
perature (55^) in this climate. 

Page 758. col. 2.—The quantity of water neceffary 
for injeCfion may be determined on principle, at leaff 
for an engine having a fepaiate condenfer. Every cu- 
bic foot of common fleam produces about an inch of 
water when condenfed, and contains about as much la- 
tent heat as would raife nco inches of water one de- 
gree. This fteam muft not only be condenfed, but 
muft be cooled to the temperature of the hot well ; 
therefore as many inches of cold water muft be em- 
ployed as will require all this heat to raife it to the tem- 
perature of the hot well. Therefore let x be the cubic 
feet of fteam, or capacity of the cylinder, and let y be 
the inches of cold water expended in condenfing it. 
Let a be the difference between 2129 and the tempera- 
ture of the hot well, and b the difference between the 
temperature of the well and the injection ciftern. We 

have _j' b zz x X 1 too -f- or = —IOQ-~^~~ *.f* 
b 

Thus, if the temperature of the hot well be too0 

(and it fhculd never be higher, if we would have a to- 
lerable vacuum in the cylinder), and that of the injec- 
tion ciftern be 50°, we have a zz 112, and £ zz 5c, and 

y zz — *■, = 24,24 x, or K » that is, every foot 
5° . . . 

of the capacity of the cylinder, or every inch of water 
evaporated from the boiler, requires more than 24 inch- 
es of water to condenfe the fteam. A wine pint for 
every inch of water boiled off, cr every cubic foot of 
capacity of the cylinder, may be kept in mind, as a 
large allowance. Or, more exadlly, if ths engine be in 
good order, and the injeftion water as low as 5c0, and 
the hot well not above too0, we may allow 25 gallons 
c,f inje&ion for one gallon of water boiled off; This 
greatly exceeds the quantity mentioned in the cafe of a 
good Newcomen’s engine, the cylinder of which con- 
tained almoft 30 cubic feet of (team. And" this circum- 
ftance fhews the fuperiority of the engine with a ftpa* 
r-ate condenfer. The injeftibn of Newcomen's engine 

had been adjufted by experience, fo as to make the bed 
compeufation for the unavoidable wafte in the cylinder. 
We prefume that this machine was not loaded above 
eight pounds per inch, more likely with feven ; .whereas 
Watt’s engine, working in the condition now defcribed, 
hears a load not much below' twelve, making at leaft 
twelve ftrokes per minute. 

This is not a matter of mere curiofity ; it affords a 
very exad rule forjudging of the good working order 
of the engine. We can meafure with accuracy the wa- 
ter admitted into the boiler during an hour, without 
allowing its furface to rife or fall, and the water em- 
ployed for injection. If the laft be below' the propor- 
tion now given (adapted to the temperatures 50° and 
iOOy), we are certain that fteam is wafted by leaks, or 
by condenfation in fome improper place. The rule is 
not ftri&ly conformable to the latent heat of fteam 
which balances the atmofph.ere, iioog being fomew'hat 
too great a value. It is accommodated to the actual 
performance of Watt’s engines, wben in their heft 
working condition. 

It is evident that it is of great importance to have 
the temperature of the hot w-ell as low as poflible ; be- 
caufe there always remains a fteam in the cylinder, of 
the fame, or rather higher temperature, poffeffing an 
elafticity w'hich balances part of the preffure on the 
other lide of the pifton, and thus diminishes the power 
of the engine. This is clearly feen by the barometer, 
which Mr Watt applies to many of his heft engines, 
and is a moft ufeiul addition for the proprietor. It 
Ihew's him, in every moment, the ftate of the vacuum, 
and the real power of his engine, and tells him when 
there are leaks by which air gets in. 

Page 762 cols. j. 2.— Mr Watt’s firft experiment 
was not exactly as here related, but much more analo- 
gous to the prefent form of his engine. The conden- 
ftr was a cylinder of tinplate, fitted with a pifton, which 
w'as drawn up from the bottom to the top, before the 
edudtion cock was opened. Without this previous ra- 
refadlion in the condenfer, there was no inducement for 
the fteam to take this courfe, unlefs it were made much 
ftronger than that of ordinary boiling water. 

The defeription of the firft form ot the engine is alfo 
faulty, by the omiflion ot a valve immediately below the 
eduction pipe. This valve is thut along wuth the valve 
1, to prevent the fteam, which thould then go into the 
lower part of the cylinder, from alfo going down into 
the condenfer. IThis is not abfolutely neceffary, but itsi 
advantage is evident. 

Page 766. col. 1.—This form of the engine was ve- 
ry early put in pra&ice by Mr Watt—about the year 
1775. The fmall engine at Mr Boulton’s works at 
Soho was erefted in 1776; and the engine at Shad- 
well waterworks, one of the heft yet eredled, had been, 
working fome time when we faw it in 1778. We 
mention this, becaufe we have been told that Mr Horn- 
blower puts in fome claim to priority in this invention. 
We do not think that Mr Hornblower erefted any of 
his engines before 1782 ; and as Mr Hornblower was, 
we believe, working with Boulton and Watt before that, 
time, we think it fully more probable that he has in this 
refpedl profited by the inftrudiion of fuch intelligent 
employers. We may alfo obferve, that Mr Watt em- 
ployed the fame contrivance which we have defcribed. 
with much approbation in p. 772. Encych for keeping 

the. 
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the collar round the pifton rods fleam and air tight. 
He found them effectual, but that they required more 
attention for keeping them in fit condition than the 
ufual mode of packing. He made a fimilar packing 
for the piftdn, and with a fimilar refult. 

Page 769. cols. 1. 2.—Mr Boulton eilimates the per- 
formance of the engines in the following manner. See- 
ing that the great expence of the engine is the con- 
fumption of fuel, he makes this the itandard of com- 
putation, and eilimates the performance by the work 
which he engages to perform by the confumption of one 
bulhel of good Neweaftle coal, London meafure, or con- 
taining 84 ibs. without regard to the time in which this 
bulhel is expended. This depends on the fize of the 
engine. 

The burning one bulhel of coal will, 
1. Raife 30 million pounds one foot high. 
2. It will grind and drefs 1 1 bulhels of wheat. 
3. It will flit and draw into nail rods 5 cwt. of iron. 
4. It will drive 1000 cotton fpindles, with all the 

preparation machinery, with the p>roper velo- 
city. 

5. It is equivalent to the work of ten horfes. 
The general performance of the double ilroke ex- 

panfive engines is fomewhat beyond this ; and their per- 
formance in cotton fpinning, or as compared with horfe 
work, is much under-rated. The firtt eftimation is 
without ambiguity. Suppofe the engine of fuch a fize 
as to confume a bulhel of coals per hour. This will be 
found equivalent to raifing 97 wine hogfheads of water 
ten feet high in a minute, which ten {lout draught horfes 
cannot do for a quarter of an hour together. They can 
raife 60 in that time, and work at this rate eight or per- 
haps ten hours from day to day. 

Mr Watt finds that, with the mod judicioufly con- 
flrudled furnaces, it requires eight feet of furface of the 
boiler to be expofed to the aftion of fire and flame to 
boil off a cubic foot of water in an hour, and that a 
bulhel of coals fo applied will boil off from eight to 
twelve cubic feet. 

Boulton and Watt now make fleam-engines equiva- 
lent in power to one or two horfes. The cylinder and 
whole machinery does not occupy more room than a 
fine lady’s working table, Handing in a fquare of about 
2^ feet, and about $ feet high. 

STEEL (lee that article Encycl. and Chemistry, 
no 114. Suppl.) is compofed of iron and carbon. In 
addition to the old proofs which we had of this tail, it 
occurred to Morveau, alias Guyton, to attempt to con- 
vert foft iron into Heel, by ufing the diamond in- 
Head of charcoal in the procefs of cementation. This 
expenfive experiment, which was fuggelted by M,Clouet, 
was made, by inclofing within a fmall crucible of very 
foft iron a diamond, and Ihutting up the crucible by a 
Hopper well adjulled. This crucible of iron, with its 
contents, was placed, without the addition of any fur- 
rounding matter, in a very fmall Heflian crucible, and 
the latter in a fecond crucible of the fame earth ; but 
the fpace between the two latter crucibles was filled 
with filiceous land, free from all ferruginous particles. 
In the laH place, the large crucible was luted with earth 
arifing from pounded crucibles and unbaked clay, and 
the whole was expofed about an hour to a three blafi 
forge fire. When the whole was cooled, the iron was 
found in the. interior Heflian crucible converted into a 

folid ingot of cafi Heel. Thus the diamond difappeared Steel, 
by the affinity which iron exercifed on it by the help Steevens. 
of the high temperature to which they were both ex- ' " y 

pofed, in the fame manner as a metal difappears in the 
alloy of another metal. The diamond therefore fur- 
nilhed here the fame principle as carbon, fince the pro- 
duft of the union has the fame properties. 

The converfion into Heel could not be doubted. 
The ingot having been polifhe.d on a lapidary’s wheel, 
a drop of weak nitrous acid itnmediatcly produced a 
dark-grey Ipot, abfolutely like that exhibited on Eng- 
lifh call Heel, and on caH Heel produced by the procefs 
of M. Clouet. Thofe who have often tried Heel by 
this kind of proof, long ago pointed out by Rinmann, 
had occafion to remark, that the fpot of caH Heel, tho, 

very fenfible, is, however, lefs black than that of Heel 
made by cementation, which depends perhaps on the 
different degree of oxydation of the carbon which they 
have taken in. 

The procefs of M. Clouet here mentioned, for pro- 
ducing caH Heel, confifls in nothing more than throw- 
ing a quantity of glafs into the mafs of iron and char- 
coal during the formation of the former into Heel. The 
fame chemiH has afeertained that iron, during its con- 
verfion into Heel, abforbs c.?oi 3 of its weight of car- 
bon ; and that the affinity of iron for carbon isfo Hrong, 
that, at a white heat, it is capable of decompoling car- 
bonic acid gas. This he proved by the following ex- 
periment. 

If fix parts of iron be mixed with four parts of a 
mixture compofed of equal quantities of carbonat of 
lime and clay, and kept in a crucible at a white heat 
for an hour or longer, according to the quantity, the 
iron will be converted into Heel. The decompofition 
of carbonic acid is evidently the confequence of a com- 
pound affinity ; part of the iron combining with the 
carbon, and another part with the oxygen of the cmr- 
bonic acid gas. Accordingly the commiffioners, who 
were appointed to examine the procefs, remark, that a 
quantity of oxide of iron was always mixed with the 
melted earthy fubHance, which was feparated from the 
Heel. 

STEEVENS (George), the moH fuccefsful of all 
the editors and commentators of. Shakefpeare, was born 
1 735'. Of his parents we know nothing, but that they 
feem to have been in circumHances which may be deem- 
ed affluent. George received the rudiments of his claf- 
fical education at KingHon-upon-Thames, under the 
tuition of Dr Woodefon and his affiHants ; and had for 
a companion at that fchool Gibbon the hiHorian. From 
Kingllon he went to Eton, whence, alter fome years,, 
he was admitted a fellow-commoner of King’s College, 
Cambridge; but with the courfe of his Hudies in the uni- 
verlity we are not acquainted. If we might hazard a 
conjeilure, from the manner in which he employed his 
riper years, we fflould fuppofe that he had little reliffi 
for thofe mathematical fpeculations which in Cambridge 
lead to academical honours. After he left the univer- 
fity, he accepted a commiffion in the Effex militia on 
its firH eflablifliment: and he fpent the latter.years of 
his life at HampHead in altnoH total feclufion from the 
world ; feldom mixing with fociety but in the fhops of 
bookfellers, in the Shakefpeare Gallery, or in the morn- 
ing converfations of Sir Jofeph Banks. He died Ja- 
nuary 180a. 3 This, 
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Stcevens. This is a very meagre account of the incidents which that 
'■ ■—y——'muft; have taken place in the life of a man fo confpicu- 

ous in the republic of letters ; but we have had no op- 
portunity of improving it. His charadler, as drawn in 
the Monthly Magazine, believing it to be juft, we {hall 
adopt, as it will lupply in fome degree the defefts of 
our narrative. 

Though Mr Steevens is known rather as a commen- 
tator than as an original writer; yet, when the works 
which he illuftrated, tKe learning, fagacity, tafte, and 
general knowledge which he brought to the talk, and 
the fuccefs which crowned his labours, are confidered, 
it would be an a£l of injuftice to refufe him a place 
among the firft literary chara&ers of the age. Adorn- 
ed by a verfatility of talents, he was indeed eminent 
both by his pen and his pencil. With the one there 
was nothing which he could not compofe, and with the 
other there was nothing which he could not imitate fo 
clofely, as to leave a doubt which was the original and 
which -the copy. But his chief excellence lay in his 
critical knowledge of an author’s text; and the belt fpe- 

] S T E 
many of his jeux d’efprit might be colle£led : Steeven*, 

there is a poem of his in Dodfley’s Annual Regifter, Stereome* 
under the title of The Frantic Lover, which is fuperior ter' 
to any fimilar production in the Englifli language. Mr 
Steevens was a claflical fcholar of the firft order. He 
was equally acquainted with the belles lettres of Eu- 
rope. He had ftudied hiftory, ancient and modern, but 
particularly that of his own country. He pofTeffed a 
ftrong original genius, and an abundant wit; his imagi- 
nation was of every colour, and his fentiments were en- 
livened with the moil brilliant exprefiions. His collo- 
quial powers furpaffed thofe of other men. In argu- 
ment he was uncommonly eloquent: and his eloquence 
was equally logical and animated. His defcriptions 
were fo true to nature, his figures were fo finely {ketch- 
ed, of fuch curious feledtion, and fo happily grouped, 
that he might be confidered as a fpeaking Hogarth. 
He would frequently, in his fportive and almoft boyifli 
humours, condefcend to a degree of ribaldry but little 
above O’Keefe—with him, however, it loft all its coarfe- 
nefs, and affumed the air of clafiical vivacity. He was 

cimen of his great abilities is his edition of Shakefpeare, indeed too apt to catch the ridiculous, both in charac- 
In which he has left every competitor far behind him. ‘ "~A *’ "“'J — :-A'c - 
He had, in ihort, ftudied the age of Shakefpeare, and 
had employed his perfevering induftry in- becoming ac- 
quainted with the writings^ manners, and laws of that 
period, as well as the provincial peculiarities, whether 
of language or cuftom, which prevailed, in different 
parts ofnhe kingdom, but more particularly in thofe 
where Shakefpeare pafled the early years of his life. 
This {lore of knowledge he was continually increaiing, 
by the acquifition of the rare and obfolete publications 
of a former age, which he fpared no expence to ob- 
tain ; while his critical .fagacity and acute obfervation 
were employed inceffantly in calling forth the hidden 
meanings of the great dramatic b^rd, from their co- 
vert, and.confequently enlarging the difplay of his beau- 
ties. This advantage is evident from his laft edition of 

, Shakefpeare, which contains fo large a portion of new, 
interefting, and accumulated illuftratioiK" In the pre- 
paration of it for the prefs, he gave an inftance of edi- 
torial activity and perfeveranee which is without ex- 
ample. To this work he devoted folely, and exclu- 
fively of all other attentions, a period of 18 months; 
and during that time he left his houfe every morning 
at one o’clock with the Hampftead patrole, and pro- 

ceeded, without any confideration of the weather or the 
feafon, to his friend Mr Ifaac Read’s chambers, in Bar- 
nard’s Inn, where he was allowed to admit himtelf, and 
found a room prepared to receive him, with a Iheet of 
the Shakefpeare letter prefs ready for correction. There 
was every book which he might wifh to confult ; and 
to Mr Read he could apply, on any doubt or fudden 
fuggeftion, as to a man whofe knowledge of Englifh 
literature was perhaps equal to his own. This noftur- 
nal toil greatly accelerated the printing of the work ; as 
while the printers flept the editor was awake ; and thus, 
in lefs than twenty months, he completed his laft fplen- 
did edition of Shakefpeare, in fifteen large ottiavo vo- 
lumes ; an almoft incredible labour, which proved the 
altonifhing energy and perfevering powers of his mind. 

That Mr Steevens contented himfelf with being a 
commentator, arofe p obably froth the habits of his 
life, and his devotion to the name, with which his 
own will defect]d to the lateft poflerity. It is probable 

ters and things, and indulge an indifereet animation 
v/herever he found it. He fcattpred his wit and his 
humour, his gibes and his jeers, too freely around him, 
and they were not loft for want of gathering. 

Mr Steevens poffefled a very handfome fortune, which 
he managed with diferetion, and was enabled by it to 
gratify his wiflies, which he did without any regard to 
expence, in forming his diftinguiflied collections of claf- 
fical learning, literary antiquity, and the arts conne&ed 
with it. His geuerofity alfo was equal to his fortune; 
and though he was not feen to give eleemofynary fix- 
pences to fturdy beggars or fweepers of the croflings, 
few perlons diftributed bank notes with more liberality; 
and fome of his aCts of pecuniary kindnefs might be 
named, which could only proceed from a mind adorn- 
ed with the nobkft feutiments of humanity. He pof- 
fefied all the grace of exterior accomplifhment, acquired 
at a period when civility and politenefs were charaCte- 
riftics of a gentleman. 

He has bequeathed his valuable Shakefpeare, illuftra- 
ted with near 1500 prints, to Lord Spencer; his Ho- 
garth perfed, with the exception .of one or two pieces, 
to Mr Windham ; and his corrected copy of Shake- 
fpeare, with 200 guineas, to his friend Mr Read. 

STEREOMETER, an inftrument lately invented 
in France for meafuring the volume of a body, however 
irregular, without plunging it in any liquid. If the 
capacity of a veifel, or, which is the fame-thing, the 
volume of air contained in that vellel, be meafured, 
when the vefi’el contains air only, and alfo when the 
veffel contains a body whofe volume is required to be 
known, the volume of air afeertained by the firft mea- 
furement, deducting the volume afeertained by the fe- 
cond, will be the Volume of the body itfelf.. Again, if 
it be admitted as a law, that the volume of any mafs of 
air be inverfely as the preffure to which it is fubjeCted, 
the temperature being fuppofed eonftant, it will be eafy 
to deduce, from the mathematical relations of quantity, 
the whole bulk, provided the difference between the 
two bulks under two known preffures be obtained by 
’experiment. ■ to U.j j.... i ■: 

Let it be fuppofed, for example, that the firft pref- 
fure is double the fecond, or, which follows as a confe- 

quenee, 
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Plate 
XLUI. 

fluence, that the fecond volume of the air be double the 
Hrft. and that the difference be fifty cubic inches, it is 
evident that the firft volume of the air will hkewife be 
fifty cubic inches. The ftereometer is intended to af- 
certain this difference at two known preffuers 

The inflrumetit is a kind oi tunnel Ac (i g- J> 
compofed of a capfule A, in which the body iu placed, 
and a tub B as uniform in the bore as can be procu- 
red. The upper edge of the capfule is ground with 
emery, in order that it may be hermetically clofed wit 
a cover M (lightly greafed. A double fcale i 
pafted on the tube, having two fets of graduations ; one 
to indicate the length, and the other the capacities, as 
determined by experiment. . , • 

When this initrument is ufed, it mufl be plunged in 
a veffel of mercury with the tube very upright, until 
the mercury rifes within and without to a point C oi 
the fcale. See fig. 2- , • i 

The capfule is then clofed with the cover, which 
beinz greafed will prevent all communication between 
tbe external air and that contained within the capfule 

In^this fituation of the inftrument^ in which the mer- 
cury Hands at the fame height within and without the 
tube, the internal air is comprefTed by the vve.ght of the 
atmofphere, which is known and expreifed by the length 
of the mercury in the tube of the common barometer. 

The inftrument is then to be elevated, taking care to 
keep the tube conftantly in the vertical pofition. It is 
reprefented in this fituation, fig. 2. fecond poiitum. i he 
mercury defcends in the tube, but not to the level of 
the external furface, and a column DE of mticury i - 
mains fufpended in the tube, the height of which is .ri r n-.fe.firxr air is tneretore leis 

cury has quitted is two cubic centimetres. Then by 
the rule V X 2 give 24 cubical centimetres, which is Ste“r’rt_ 
the volume of the air included in the inftrument when Denfiam. 
the mercury rofe as high as C in the tube. .. —^ 

The body of which the volume is to be afeertained 
muft then be placed in the capfule, and the operationv 
repeated. Suppofe, in this cafe, the column of mer- 
cury fufpended to be eight centimetres, when the capa- 
city of the part CD of the tube is equal to two centi- 
metres cube. Then the greateft preffure being deno- 
ted by 78 centimetres, as before, the lead will be 70 
centimetres, the difference of the preflures being 8, and 
the difference of the volumes two cubical centimetres. 
Hence 7

7° X 2 gives the bulk of the included air under 
the greateft preffure 17,5 cubic centimetres. If there- 
fore 17,5 centimetres be taken from 24 centimetres, or 
the capacity of the inftrument when empty, the diffe- 
rence 6,5 cubic centimetres will exprefs the volume of 
the body which was introduced. And if the abfolute 
weight of the body be multiplied by its bulk in centi- 
metres, and divided by the abfolute weight of one cu- 
bic centiifietre of diftilled water, the quotient will ex- 
prefs the fpecific gravity of the body in the common 
form of the tables where diftilkd water is taken as uni- 
ty, or the term of comparifon. 

After this defeription and explanation of the ufe of 
his inftrument, the author proceeds with the candour 
and acutenefs of a philofopher to afeertam the limits of 
error in the refults; an objeft feidom fufffciently at- 
tended to in the inveftigation of natural phenomena. 
From his refults it appears, that with the dimenlionshe 
has affumed, and the method preferibed for operating, 
the errors may affed the fecond figure. He hkewfte 
gives the formulas by means of which the inftrument it- 

known by the teale. 'I he interior an is therefore leis H ■ j- j ty,e want Qf a barometer m compreffed than before, the .ncreafe of.ts volume being ^fni„ he grea.eft preffurc. He likewife ad- 

emial to the whole capacity of the tube from k. to D, ^ S » h b ^ oduccd chan e equal to the whole capacity 
which is indicated by the fecond fcale. 

It is known therefore that the preffures are in pro- 
portion to the barometrical column, and to the fame 
column dimiuifhed by the fubtradion of DE. _ And 
the bulks of the air in thefe two ftates are inverfely in 
the fame proportion ; and again tbe difference between 
thefe bulks is the abfolute quantity leit.void in the tube 
bv the fall of the mercury ; from winch data, by an 
eafy analytical procefs, tbe following rule is deduced : 
Multiply the number which expreffes the lefs preffu 
by that which denotes the augmentation of capacity, 
and divide the product by the number which denotes 
the difference of the preflures. i he quotient wi 
the bulk of the air when fubjed to the greater pref- 

To render this more eafy by an example, fuppofe 
the height of the mercury in the barometer to e , 
centimetres, and the inftrument being empty to be 
plunged in tbe mercury to the point C. It is thei 

vered, and raifed until tbe fmall colum of mercury DE 
is fufpended, for example, at the height of fix centi- 
metres The internal air, which was the firft compreffed 
by a force reprefented by 78 centimetres, is now com- 
preffed only by a force reprefented by 78-6, or 72 

^Siippofe it to be obferved, at the fame time, by 
mean?of the graduations of the fecond fcale, that the 
capacity of the part CD of the tube whch the met- 

itafi .slqmfiz- 

verts to the errors which may be produced by change 
of temperature. To prevent thefe as much as poffible, 
the adual form of the inftrument and arrangements of 
its auxiliary parts are fettled, as in fig. 3. by which 
means the approach of the hand near the veffel and its 
tube is avoided. In this figure the vertical pofition of 
the tube is fecured by the fufpenfion of the veffel, and 
a perforation in the table through which the tube 
paffes. The table itfelf fupports the capfule in its firft 
pofition, namely, that at which the cover is required to 
be put on. . 

Mr Nicholfon, from whofe Journal this abftract is 
immediately taken, fuppofes, with great probability, that 
the author of the invention had not finifhed his medita- 
tions on the fubka, when the memoir giving an ac- 
count of it was publifhed. If he had, fays the inge- 
nious jouvnalift, itjs likely that he would have deter- 
mined his preffures, as well as the meafuies of bulks by 
weight. For it may be eafily underftood, that if the 
whole inftrument were fet to its pofitions by fufpending 
it to one arip of a balance at H (fig. 3.), the quantity 
of counterpoife, when in,’equilibria might be applied to 
determine the preffures to a degree of accuracy much 
greater than can be obtained by linear meafurement. 
h STEWART-Denham (Sir James) was born at E- 
dinburgh on the 10th of O&ober, O. S. in the year 
1712. His father was Sir James Stewart of Good. 
tre«s Bart. Solicitor-general for Scotland r’and his mo- ’ ther 
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ther was Anne, daughter of’ Sir Hugh Dalrymple of 
North Berwick, Bart, preiident of the college of juf- 
tice. 

The firft rudiments of his education he received at 
the grammer fchool of North Berwick, which at the 
time of his father’s death he quitted at the age of four- 
teen, wdth the reputation of being a good fcholar, but 
without any extraordinary advancement in knowledge. 

It is remarkable, that many men who have been lin- 
gularly ufeful to fociety have not fhewn early fymptoms 
of the greatnefs of their intellectual powers. A great 
underftauding mull be the offspring of happy organiza- 
tion in a healthy body, with co operation of time, of 
circumllance, and of inftitution, without being forced 
into prematurity by excefiive cultivation. This holds 
with refpedt to the growth and perfedtion of every crea- 
ture ; and the truth appears remarkable with refpedt 
to our own fpecies, becaufe we are apt to miitake the 
flimfy attainments of artificial education for the Heady 
and permanent foundations of progreffive knowledge. 

From the fchool of North Berwick Sir James was 
lent to the univerfity of Edinburgh, where he conti- 
nued until the year 1735, when he paffed advocate be- 
fore the court of Selfion, and immediately afterwards 
went abroad to vifit foreign countries. He was then 
in the 23d year of his age, had made himfelf well ac- 
quainted w ith the Roman law and hiltory, and the mu- 
nicipal law of Scotland. He had likewife maturely 
fludied the elements of jurifprudence; was verfed in 
the general, as well as the particular, politics of Eu- 
rope ; and was bent upon applying his knowledge to 
the inveftigation of the Hate of men and of manners in 
other nations, with a view to promote the benefit of 
his own, and to confirm himfelf in the love of a free 
conllitution of government, by contemplating the bane- 
ful effedts of unlimited monarchy in Germany, Italy, 
and Spain, and of extravagant attachment to a king and 
nobility, to war, and to pernicious fplendour in France. 

He travelled firft, however, into Holland, with a view 
to ftudy the conftitution of the empire before he ffiould 
vifit Germany, and to attend fome of the ledtures of 
the moll eminent profeffors at Utrecht and Leyden, on 
public law and politics. From thence he paffed into 
Germany, refided about a year in France, travelled thro’ 
fome part of Spain, w'here he had a fever, that obliged 
him, for his perfedl recovery from its effedls, to go by 
the advice of his friends to the fea-coaft of the lovely 
province of Valentia ; thence returning, he croffed the 
Alps, and by Turin made the tour of Italy, where 
chiefly at Rome and Florence he refided till the begin- 
ning of the year 1740 ; when, having fpent five years 
on his travels, he returned to Scotland, and married 
the Lady Frances Wemyfs, eldeft daughter of the Earl 
of Wemyfs, about two years after his return. 

A few months after his marriage the repvefentation 
of the county of Mid-Lothian became vacant, by the 
member being made a Lord of trade and plantation. 
The candidates w'ere the late member and Sir John 
Baird of Newbyth. On the day of eledlion Mr Dun- 
das of Arnifton, one of the fenators of the college of 
juftice, was chofen prefes of the meeting ; and fome 
how or other omitted to caufe the name of Sir James 
Stewart to be called on the roll of freeholders. For 
this illegal ufe of his temporary power, Sir James com- 
menced a fuit aga’inft the prefident; and refuming the 
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gown as an advocate, pleaded his own caufe with great Stewart, 
energy and eloquence, and with the applaufe of the 
bench, the bar, and the public. This called Lord Ar-    

nifton from the btnch to plead in his own defence at 
the bar ; and Sir James could not have been oppofed to 
an antagonift better qualified to call forth all his powers; 
for that judge is talked of at this day in Edinburgh as 
the profoundeft lawyer and the ableft pleader that ever 
graced the Scottifh bench or the Scottilh bar. 

With the iffue of this conteft w^e are not acquainted ; 
but it drew upon Sir James Stewart very general at- 
tention, and convinced the public, that had he continued 
at the bar, he muff have rifen rapidly to the head of 
his profelfion. On his travels, however, he had con- 
traded friendfliips with Lord Marifchal, and other emi- 
nent men, attached to the pretenfions of the royal fa- 
mily of Stuart, and had received flattering attentions 
from the Pretender to the Britifli throne ; the impref- 
fion arifing from which, added to the irritations of his 
controverfy with the powerful party in Scotland at- 
tached to the court, led him, unadvifedly, into connec- 
tions with the movers of the rebellion in 1745. 

As he was by far the ableft man of their party, the 
Jacobites engaged him to write the Prince Regent’s 
mantfefto, and to aifilt in his councils. Information 
having been, given of his participation in thefe affairs, 
he thought it prudent, on the abortion of this unhappy 
attempt, to leave Britain ; and by the zeal, it is faid, 
of Arnifton, he was excepted afterwards from the bill 
of indemnity, and rendered an exile from his country. 

He chofe France for his reiidence during the ten 
firft years of his banifhment, and was chiefly at An- 
goulefme, where he fuperintended the education of his 
fon ; from thence he went to Tubingen in Swabia, for 
the benefit of its univerfity, in profecution of the fame 
dutiful and laudable defign ; but in the end of the war 
1756, having been fufpeded by the court of Verfailles 
of communicating intelligence to the court of London, 
he was feized at Spa, and kept fome time in confine- 
ment ; from which being liberated, after the acceifion 
of the prefent king of Great Britain, he came, by tole- 
ration, to England, and refided at London, where he 
put the laft hand to his Syftem of Political Economy, 
the copy-right of which he fold to Andrew Millar; 
and being permitted to dedicate this work to the king, 
he applied for a noli projqui, which, after fome mali- 
cious obje&ions, he obtained, and had the comfort of 
returning to his family eftate in Scotland. 

Having nothing profeifional to do during his long 
refidence in France, the adive mind of Sir James was 
occupied in ftudy. His book on the Principles of Po- 
litical Economy contains moft of the fruits of it. He 
turned himfelf, in the intervals of leifure, toconfider the 
refources of France, that he might the better compile 
that part of his great work which was to treat of reve- 
nue and expenditure. It was by Undying the language 
of the finances, without which nobody can aflc a proper 
queftion concerning them, fo as to be underftood, that 
he attained his great purpofe. 

As foon as he could alk queftions properly, he ap- 
plied in familiar converfation to the intendants and their 
fubftitutes in the provinces where he refided, whom he 
found extremely defirous to learn the ftate of the Bri- 
tifh finances, under the branches of the land-tax, cu£- 
toms, excife, and other inland duties. This led him to 
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gtewart. compare the ftate of the two nations. The information 
Denham, ggve wa8 an equivalent for the information he recei- 

ved; curiofity balanced curiofity, each was fatisfied and 
inftru&ed. The department of the intendants in France 
was confined to the taxes which compofed the recettes 
generates, namely, the taille, the capitation, and the twen- 
tieths, or vigntiemes. All the intendants had been Alai- 
tres des Requetes, bred at Paris, and could not fail to 
have much knowledge of the general fermes and other 
branches of the revenue. He carefully noted down at 
all times the anfwers he got ; and when he came to re- 
lide at Paris, he obtained more ample information, both 
from the gentlemen of the revenue, and from perfonsof 
the parliament of Paris, who to the number of 25 had 
been for 15 months exiled in the province where he had 
fo long refided at Angoulefme. 

With thefe advantages, with much ftudy and atten- 
tion to arrangement, he was enabled to compole the 
fixth chapter of the fourth part of the fourth book of 
his Syilem of Political Economy ; a portion of that 
great work well worthy the attention of thofe who wiih 
to know the Hate of France in refpeft of revenue under 
the old government. 

Although Sir James Stewart’s leifure, during the 
firft ten years of his exile* was chiefly employed in fo- 
cial intercourfe with the moil learned, elegant, and po- 
liflied characters in France, who delighted in the con- 
verfation and friendfhip of a man who pofleffed at once 
immenfe information, on almoft every fubjeCt, import- 
ant or agreeable to fociety, and the talent of clearly 
and beautifully exprefling his fentiments' in flowing and 
animated converfation ; yet he did not allow the plea- 
fures of the circle and of the table to blunt the fine 
feelings of a man of genius and fcience. The labour 
of collecting materials for his great political work was 
oppreflive, and he relieved himfelf with various enqui- 
ries, fuited to the exalted ambition of his cultivated 
underitanding, while he turned the charms of converfa- 
tion to the permanent delight of his aflbciates and of 
pofterity. The motto of Apelles, “ Nulla dies ftne ti- 
nea” was the emblem of his employment ; and it is 
amazing what may be done by daily attention for im- 
provement, without appearing to abftraCf any extraor- 
dinary time from the common offices and rational plea- 
fures of fociety. 

In the beginning of the year 1755, Sir James wrote 
his Apology, or Defence of Sir Ifaac Newton’s Chro- 
nulogy, which at that time he intended to publiffi, but 
was prevented by other engagements. It was commu- 
nicated to feveral perfons of eminence in France and 
Germany in MS. and producecj, in the month of De- 
cember that year in the “ Mercure de France ” an an- 
fwer from M. Defhoulieres, to which Sir James foon 
after replied. 

The great Newton, applying aftronomical and ftatif- 
tical principles to the ancient chronology of Greece, 
had chaftifed the vanity of nations, and arrefted the pro- 
grcfs of infidelity in delineating the hiftory of the world. 
Loft, in the confufion of exceffive pretenfions to an an- 
tiquity beyond all meafure, and difgufted by the fuper- 
ftitious aids that were aflumed to fupport thefe preten- 
fions among ancient nations, the revivers of learning in 
Europe, during the laft and the preceding century, 
turmoiled themfelves with controverfies between the 
comparative merits of the ancients and moderns} and 
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the abettors of the latter, entrenching themfelves be- SfewaVt. 
hind the falfehoods of the ancients, on the fcope of 
their remote hiftory, gave the lie to all antiquity, and 
in defpair plunged themfelves into the ocean of fcepti- 
cifm. 

Happy had it been for fociety if this fcepticifm had 
confined itfelf to the hiftory of ancient nations in gene- 
ral ; but the fame fpirit, taking difguft at the horrors 
of Chriftian ambition and bigotry, and contemplating 
with derifion the ridiculous legends of modern miracles, 
gave the lie to all religious fcripture of the Jews and 
Chriftians, and attempted to banith divine intelligence, 
the fuperintending providence of Deity, and the true 
dignity of the human fpecies, from the face of the 
earth ! 

It was a noble undertaking, therefore, in Sir James, 
to attempt to difperfe this mill of error, by difpaflion- 
ately and fcientifically explaining and fupporting the 
chronology of Sir Ifaac Newton. He has done it with 
great precifion and effedt; and it is a book well worth 
the perufal of thofe who wifli to read ancient hiftory 
with improvement, or to prevent themlelves from being 
bewildered in the mazes of modern conjedture. It was 
printed in qto at Franckfort on the Maine, for John 
Bernard Eichemberg the Elder, in 17 s7- 

In the year 1738, and the following, the Britifh 
Houfe of Commons took up the confideration of a ita- 
tute to regulate a general uniformity of weights and 
meafures throughout the united kingdoms, which had 
been fo often unfuccefsfully attempted. 

This called the attention of Sir James, not only to 
the inveftigation of the particular fubjedl that engaged 
that of the Houfe of Commons, but to devife a method 
of rendering an uniformity of weights and meafures 
univerfal. He thought the caufe of former difappoint* 
ments in this ufeful purfuit had been the miitaken no- 
tion that one or other of our prefent meafures ftiould be 
adopted for the new ftandard. After the plan had been 
relinquiftied by the parliament of England, he digefted 
his notes and obfervations on this important difquiiition 
into the form of an epiftolary diflertation, which he 
tranfmitted to his friend Lord Barrington, and refolved, 
if there had been a congrefs aflembled, as was once pro- 
pofed, to adjuft the preliminaries of the general peace 
in 1763, to have laid his plan before the minifters of 
the different nations, who were to prepare that falutary 
pacification of the contending powers. 

This epiftolary differtation Sir James afterwards re- 
duced at Coltnefs, in the year 1777, into a form more 
proper for the public eye, and fent a corrected copy to 
a friend, referving another for the prefs, which was 
printed 1790 for Stockdale in Piccadilly. 

In this tra<ft the author ftiews, from the ineffetlual 
attempts that have been made to alter partially, by in- 
novation, the ftandards of meafures or weights, that the 
effe&ual plan to be adopted, is to depart entirely from 
every meafure whatfoever now known, and to take, ad 
libitum, fome new mafs inftead of our pound, fome new 
length inftead of our ell, fome new fpace inftead of our 
acre, and fome new folid inftead of our gallon and 
bufhel. 

For this purpofe Sir James propofes as the unit a 
mafs to be verified with the greateft poffible accuracy, 
equal in weight to ten thoufand Troy grains. The 
pendulum, as it fwings at London," to beat 'fecohds of 
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Stewart, time, he propofes to be the meafure oflcngth ; and af- 
——v ter having laid down his fundamental principles, he 

propofes an ingenious plan for rendering their adoption 
univerfal through tlie whole world. 

Having obtained his pardon, Sir James Stewart re- 
tired to Coltnefs, in the county of Lanark, the pater- 
nal eftate of his family, where he turned his attention 
to the improvement of his neighbourhood by public 
works and police, and drew the firll good plan for a 
turnpike bill, fuited to the circumftances of Scotland, 
which has been fince generally adopted. He repaired 
his houfe, planted, improved, and decorated his eftate, 
and in focial intercourfe rendered himfelf the delight of 
his neighbourhood and country. 

Never was there a man who, with fo much know- 
ledge, and fo much energy of expreflion in converfa- 
tion, rendered himfelf more delightful to his company, 
or was more regretted by his acquaintance when he 
died. Nor was the active mind of Sir James unem- 
ployed for the general benefit of his country during his 
retreat. He was engaged by the directors of the Eaft 
India Company of England to digeft a cod for the re- 
gulation of the current coin of Bengal ; the plan for 
which important regulation he printed, and received 
from the court of direftors a handfome diamond ring, 
as a mark of their approbation. 

He prepared for the prefs, but never publiftied, an 
antidote to the Syjleme de laiv Nature by Mirabeau, 
wherein the parallelogifms and foolifh reafoning of that 
infidel work are examined, detefted, and confuted. It 
is written in French ; and were the work of Mirabeau 
worth refutation, might be printed with much advan- 
tage to Sir James’s reputation as a controverfial writer. 

This great and good man died in November 1780, 
and was buried at Cambufnethan, in Lanarkftiire, on 
the 28th of the fame month ; the Duke of Hamilton 
and his neighbours performing the laft offices to the re- 
mains of their highly valued friend, and bedewing his 
affies with their tears. 

For this fhort Iketch of the principle events in the 

life of Sir James Stewart-Denham, we are indebted to Stewart 
his nephew the Earl of Buchan, who, juftly proud of II 
his relation to fuch a man, cannot be fuppofed to view U

tio^C" 
all his projects, or even all his reafonings, with the cool ■ 
impartiality of ftrangers. His plan, for inftance, of a 
univerfal ftandard of weights and meafures for the 
'whole world, though certainly a grand conception, we 
cannot help confidering as romantic and impradlicable. 
The author indeed was fenfible, that time would be re- 
quifite for its execution ; and fo large a portion of 
time, that, compared witli it, a thoufand years are but 
as one day, when compared with the ordinary life of 
man : but fchemes of this magnitude are not for crea- 
tures fo blind and weak as we are, who, when we wan- 
der to a diftance beyond the limits of our narrow fphere, 
with the ambitious view of benefiting pofterity, are al- 
moft certain to injure ourfelves, without a probability 
of ferving thofe for whom we dream that we are exert- 
ing our abilities. Sir James’s Political Ecconomy, how- 
ever, is a very great work, which has not received half 
the praifes to which it is entitled, and which, we fuf- 
pedt, provoked the envy of another gi'eat writer on fi- 
milar fubjedls, wrho exerted himfelf privately to leflen 
its fame. The defence of Newton’s chronology is like- 
wife very valuable, though we certainly do not think 
that part of the fyftem invulnerable, in which the great 
aftronomer attempts to prove, that Qfiris, Sefojlris, and 
Sefac, are three names of the fame Egyptain king. This, 
however, is a very trifling miftake ; and the modern 
fciolift, who can lay hold of it to rejeft the whole, has 
certainly never read, or, if he has read, does not un- 
derftand the defence of the fyftem by Sir James 
Stewart. 

SUBCONTRARY position, in geometry, is when 
two equiangular triangles are fo placed, as to have one 
common angle at the vertex, and yet their bafes not 
parallel; confequently the angles at the bafes are equal, 
but on the contrary fides. 

SUBDUCTION, in arithmetic, the fame as Sub* 
trad ion. 

Animal and Vegetable SUBSTANCES. 

THE reader will recolleft, that the article Chemis- 
try, in this Supplement, was divided into four 

parts ; of which only the firft three, comprehending the 
elements of the fcience, were given under the wrord 
Chemistry. The. fourth part, which was entitled an 
examination of bodies as they are prefented to us by 

* nature in the mineral, vegetable, and animal kingdoms, Nuture of naturapy fubdivides itfelf into three parts, comprehend- 

ing refpe&ively, !• Minerals ; 2. Vegetables j 3. Ani- 
mals. 

The firft of thefe fubdivifions, which has been deftin- 
guifhed by the name of Mineralogy, we have treated 
of already in a former part of this volume. As the other 
two fubdivifions have not hitherto received any appro- 
priate name, we have fatisfied ourfelves with the word 
Substance, by which chemifts have agreed to denote 
the obje&s which belong to thefe dubdivifions. This 

name, it muft be acknowledged, is not unexceptionable; 
but we did not conlider ourfelves as at liberty to invent 
a new one. 

The prefent artiole, then, feems to divide itfelf into % 
two parts : the firft part comprehending 'vegetable ; the Divifxon ©i 
fecond anima/fubftances. But there are certain ani-it. 
mal and vegetable fubftances diftinguifhed from all 
others by being ufed as articles of clothing. It is ufual 
to tinge thefe of various colours, by combining with 
them different colouring matters for which they have 
an affinity. This procefs, well known by the name of 
dyeing, is purely chemical; and as it belongs exclu- 
fively to animal and vegetable fubftances, it comes na- 
turally to be examined here. We fhall therefore add a 
third part, in which we fhall give a view of the prefent 
ftate of dyeing, as far, at leaft, as is confiftent with 
the nature of a fupplementary article. 

Part 
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Part I. Of Vegetable SUBSTANCES* 

boiled in as low a temperature as poffible, till the fugar 
precipitates in the form of confufed cry Hals. Thefe 

Sugar, Sugar. TTegetables, or plants, as they are alfo called, are 
V too well known to require any definition. Their r r   _     - , ^ 

mimber is prodigious, and their variety, regularity, and cryftals, known by the name of raw fugar, are ag'ain How ob_ 
beauty, are wonderful. But it is not our intention in diffolved in water, the folution is clarified, and purertaincd. 
this place either to enumerate, to defcribe, or to claffify 
plants. Thefe talks belong to the botanift, and have 
been fuccefsfully accomplilhed by the zeal, the lingular 
addrefs, and the indefatigable labour of Linnaeus and 
his followers. 

It is the bufmefs of the chemift to analyfe vegetables, 
Chemical to difcover the fubltances of which they are compofed, 

to examine the nature of thefe fubllarices, to inveltigate 
gctables. the manner in which they are combined, to detecl the 

procelfes by which they are formed, and to afcertain 
the chemical changes to which plants, after they have 
ceafed to vegetate, are fubjeft. Hence it is evident, 
that a chemical inveftigation of plants comprehends 
three particulars : 

1. An account of the fubjlances of which plants are 
compofed. 

2. An account of the vegetation of plants, as far as it 
can be illullrated by chemiltry. 

3. An account of the changes which plants undergo 
after they ceafe to vegetate. 

We therefore divide this part into three chapters, af- 
figning a chapter to each of thefe particulars. 

Chap. I. Of the Ingredients of Plants. 

The fubftances hitherto found in the vegetable king- 
dom, all of them at leaft which have been examined 
with any degree of accuracy, may be reduced to the fol- 
lowing heads: 

1. Sugar, 
2. Starch, 
3. Gluten, 
4. Albumen, 
5. Gum, 
6. Jelly, 
7. Extract, 
8. Tan, 
9. Oils, 

10. Camphor, 
11. Refins, 
12. Caoutchouc, 
13. Wax, 
14. Wood, 
15. Acids, 
1 6. Alkalies, 
17. Earths, 
18. Metals. 

Thefe fhall form the fubjeft of the following feftions: 

Sect. I. Of Sugar. 

Sugar, which at prefent forms fo important an ar- 
ticle in our food, feems to have been known at a very 

4 early period to the inhabitants of India and China. 
Dlfcovery But Europe probably owes it acquaintance with it 
of fugar. to the conqueits of Alexander the Great, tor ages 

after its introduction into the weft, it was ufed only 
as a medicine ; but its confumption gradually increafed, 
and during the time of the Cruiades the Venetians, 
who brought it from the eaft, and diftributed it to the 
northern parts of Europe, carried on a lucrative com- 

* S'Ch‘/}C0'merce witl1 fugar- 11 was not after the discovery 
s'^ ot America, and the extenfive cultivation of fugar in 

Mancbejter the Weft Indies, that its ufe in Europe, as an article of 
Memoirs, became general *. 

and Af0 Sugar is obtained from the arundo faccharifera, or 
ley’s HijbryfllSar can£' The juice of this plant is prefled out and 
ef Sugar. 

cryftals are obtained by a fubfequent evaporation. But 
for the particulars of the art of manufacturing fugar, 
we refer the reader to the article Sugar in the Ency- 
clopedia. 6 

Sugar, after it has been purified, or refined the Its proper* 
manufacturers term it, is ufually fold in Europe in thed^- 
form of a white opake mafs, well known by the name 
of loaf fugar. Sometimes alfo it is cryitallized, and then 
it is called fugar candy. 

Sugar has a very ftrong fweet tafte ; when pure it 
has no fmell ^ its colour is white, and when cryftallized 
it is fomewhat tranfparent. It has often a confiderable 
degree of hardnefs ; but it is always fo brittle that it 
can be reduced without difficulty to a very line powder. 
It is not altered by expofure to the atmofphere. ^ 

It is exceedingly ioluble in water. At the tempera*Solubility 
tore of 48°, water, according to Mr Wenzel, diftolvesin water, 
its own weight of fugar. The folvent power of water 
increafes with its temperature ; when nearly at the 
boiling point, it is capable of diflolving any quantity of 
fugar whatever. Water thus faturated with fugar is 
known by the name offyrup. 

Syrup is thick, ropy, and very adhefive ; when 
fpread thin upon paper, it foon dries, and forms a kind 
of varnilh, which is eafily removed by water. Its Ipeci* 
fic caloric, according to the experiments of Dr Craw- s 
ford, is 1.086. When fyrup is fufficiently concentra-Its crjfuls, 
ted, the fugar which it contains precipitates in cryftals. 
The primitive form of thefe cryftals is a four-fided 
prifm, whofe bafe is a rhomb, the length of which is 
to its breadth as 10 to 7 ; and whofe height is a mean 
proportion between the length and breadth of the bafe. 
The cryftals are ufually four or fix-fided prifms, termi- 
nated by two-fided, and fometimes by three-fided fum- 
mits f. + 

Sugar is foluble in alcohol, but not in fo large a Pro*^^ 
portion as in water. According to Wenzel, fourparts^^ 
of boiling alcohol difiblve one of fugar $. It unites ^ 
readily with oils, and renders them mifcible with wa-Solubility 
ter. A moderate quantity of it prevents, or al leaftl

§
n^°hoL 

retards, the coagulation of milk; but Scheele difcovered^^ Cbm, 
that a very large quantity of fugar caufes milk to coa-j, 
gulate |i. H Sctf.!e 

Sugar abforbs muriatic acid gas flowly, and aftumesL^^pn^ 
a brown colour and very ftrong fmell J. j PHefley, 

Sulphuric acid, when concentrated, readily decom-^a9I. 
pofes fugar ; water is formed and perhaps alfo acetous 10 
acid ; while charcoal is evolved in great abundance, an(1^^n of 

gives the mixture a black colour, and a confiderable“ 
degree of confiftency. The charcoal may be eafily fe- 
parated by dilution and filtration. When heat is ap- 
plied, the fulphuric acid is rapidly converted into ful- 
phurous acid. _ ** 

When fugar is mixed with potafs, the mixture ac-OfpotaCr. 
quires a bitter and aftringent tafte, and is infoluble in 
alcohol, though each of the ingredients is very foluble 
i n that liquid. When the alkali is faturated with fulphu- 
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ric acid, and precipitated by means of alcohol, the fvveet 
tafte of the fugar is reltored ; a proof that it had under- 

fiimk Kollo Sone no decompofition from the action of the potafs, 
on Diabetes, but had combined with it in the (fate of fugar*. 

Lime boiled with fugar produces nearly the fame ef- 
fect as potafs ; when an alkali is added to the com- 
pound, a fubltance precipitates in white flakes. This 
fubftance is fugar combined with limef. Sugar and 
chalk compofe, as Leonard! informs us, a kind of ce- 
ment 

Sugar, when thrown upon a hot iron, melts, fwells, 
becomes brownifh black, emits air bubbles, and exhales 
a peculiar fmell, known in French by the name of ca- 
ramel. At a red heat it inftantly burfts into flames 
with a kind of exploflon. The colour of the flame is 
white with blue edges. 

When fugar is dillilled in a retort, there comes over 
a fluid which, at firit, fcarcely differs from pure water ; 
by and bye it is mixed with pyromucous acid, after- 
wards fome empyreumatic oil makes its appearance; and 
a bulky charcoal remains in the retort. This charcoal 
very frequently contains lime, becaufe lime is ufed in 
refining fugar ; but if the fugar, before being fubmit- 
ted to diftillation, be diflblved in water, and made to 
cryftallize by evaporation in a temperature fcarcely 
higher than that of the atmofphere, no lime whatever, 
nor any thing elfe, except pure charcoal, will be found 
in the retort. During the diftillation, there comes over 
a confiderable quantity of carbonic acid, and carbonated 
hydrogen gas*. Sugar therefore is decompofed by the 
aftion of heat ; and the following compounds are formed 

^Metb^Cbim. from ft: Water, pyromucous acid, oil, charcoal, carbonic 
i. 269. acid, carbonated hydrogen gas. The quantity of oil is in- 

confiderable; by far the mod abundant product is pyro- 
mucous acid. Sugar indeed is very readily converted 
into pyromucous acid ; for it makes its appearance al- 
ways whenever fyrup is raifed to the boiling tempera- 
ture. Hence the fmell of caromel, which fyrup at that 
temperature emits. Hence alfo the reafon that, when 
we attempt to cryftallize fyrup by heat, there always 
remains behind a quantity of incryftallizible matter, 
known by the name of molajfes ; whereas if the fyrup 
be cryftallized without artificial heat, every particle of 

+ Morveau. fugar may be obtained from it in a cryrtalline form f. 
Enc. Metb. Hence we fee the importance of properly regulating 
dim. i. flre durjng the cry ftallization of fugar, and the im- 

menfe faving that would refult from conducting the 
operation at a low heat. 

It follows from thefe fads, and from various other 
methods of decompofing fugar, that it is compofed of 
oxygen, hydrogen, and carbon ; for all the fubftances 
obtained from fugar by diftillation may be refolved in- 
to thefe elements. Lavoifier has made it probable, by 
a feries of very delicate experiments, that thefc fub- 
ftances enter into the compofition of fugar in the follow- 
ing proportions64 oxygen, 

28 carbon, 
8 hydrogen. 

INSTANCES. 540 
food. It is found moft abundantly in the juice of the Starch, 
fugar cane, but many other plants alfo contain it. The 111 ' 
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Of the way in which thefe ingredients are combined 

in fugar, we are ftill entirely ignorant. Lavoifier’s con- 
elufions can only be confidered as approximations to the 
truth. 

Sugar is confidered as a very nourilhing article of 

-~b—   >  j jr t ~ . 16 
juice of the acer faccharinum, or fugar maple, contains p|ants cotu 
fo much of it, that in North America fugar is often taming it. 
extracted from that tree*. Sugar is alfo found in the * 
roots of carrot, parfnip, beet, &c. Mr Achard has^™^: '' 
lately pointed out a method of increafing the quan- 
tity of fugar in beet fo much, that, according to his 
own account, it is at prefent cultivated in large quan- 
tities in Prufiia, and fugar extracted from it with ad- 
vantage']'. Parmentier has alfo afcertained that the f Ann.de 
grains of wheat, barley, &c. and all the other fimilarcbim' «xii. 
feeds which are ufed as food, contain at firft a large l0^* 
quantity of fugar, which gradually difappears as they 
approach to a ftate of maturity. I his is the cafe alfo 
with peas and beans, and all leguminous feeds, and is 
one reafon why the flavour of young peas is fo much fu« 
perior to that of old ones. 

Sect. II. Of Starch. 17 
When a quantity of wheat flour is formed into a Method °f 

pafte, and water poured upon it till it runs off colour* ^ 
lefs, this water foon depofits a very fine whitifh pow- 
der ; which, when properly waflted and dried, is known 
by the name of Jlarch. When firft prepared, it is of a 
grey colour; but the ftarchmakers render it white by 
fteeping it in water (lightly acidulated. The acid feems 
to diffolve and carry off the impurities. 

Starch was well known to the ancients. Pliny in- xviii. 
forms us, that the method of obtaining it was firft in-c. 7. 
vented by the inhabitants of the ifland of Chiof. ^ rLer- 

Starch has a fine white colour, and is ufually concre- tiJgt
pr°pe “ 

ted in longifh maffes ; it has fcarcely any fmell, and very 
little tafte. When kept dry, it continues for a long 
time uninjured though expoied to the air. 19 

Starch does not diffolve in cold water, but very foon H°w adted 
falls to powder. It combines with boiling water, and 
forms with it a thick pafte. Linen dipt into this pafte, 
and afterwards dried fuddenly, acquires, as is well known, 
a great degree of ftiffnefs. When this pafte is left 
expofed to damp air it foon lofes its confiftency, ac- 
quires an acid tafte, and its furface is covered with 
mould. _ Ai k°i 

Starch is fo far from diffolving in alcohol, even when Alcohol, 
aflifted by heat, that it does not even fall to powder. 

When (larch is thrown into any of the mineral acids, a* 
at firft no apparent change is vifible. But if an attempt Acids 
is made to break the larger pieces while in acids to 
powder, they refill it, and feel exceedingly tough and 
adhefive. Sulphuric acid diffolves it (lowly, and at the 
fame time a fmell of fulphurous acid is emitted, and 
fuch a quantity of charcoal is evolved, that the di(h 
containing the mixture may be inverted without fpil- 
ling any of it. Indeed if the quantity of (larch be fuf- 
ficient, the mixture becomes perfedlly (olid. The char- 
coal may be feparated by dilution and filtration. In 
muriatic acid (larch diffolves ftill more (lowly. The 
folution refembles mucilage of gum arabic, and ftill re- 
tains the peculiar odour of muriatic acid. When allow- 
ed to (land for fome time, the folution gradually fepa- 
rates into two parts ; a perfedtly tranfparent (haw-co- 
loured liquid below, and a thick, muddy, oily, or rather 
mucilaginous fubftance, above. When water is poured in, 
the muriatic fmell inftantly difappears, and a ftrong fmell 
is exhaled, precifely fimilar to that which is felt in corn- 

mills. 



mills. Ammonia occafions a flight precipitate, but too 
fmall to be examined. 
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Nitric acid diflblves ftarch more rapidly than the 
other two acids ; it acquires a green colour, and emits 
nitrous gas. The folution is never complete, nor do 
any cryltals of oxalic acid appear unlefs heat be applied. 
In this refpe£t Itarch differs from fugar, which yields 
oxalic acid with nitric acid, even at the temperature of 
the atmofphere. When heat is applied to the folution 
of Itarch in nitric acid, both oxalic and malic acid is 
formed, but the undifiblved fubftance Hill remains. 
When Separated by filtration, and afterwards edulco- 
rated, this fubftance has the appearance of a thick, oil, 
not unlike tallow ; but it diflblves readily in alcohol. 
When diftilled, it yields acetous acid, and an oil having 
the fmell and the confiftence of tallow*. 

• When ftarch is thrown upon a hot iron, it melts, 
blackens, froths, 1 wells, and burns with a bright flame 
like fugar, emitting, at the fame time, a great deal of 
fmoke ; but it does not explode, nor has it the caromel 
fmell which diftinguifhes burning fugar. When diftil- 
led, it yields water impregnated with an acid, fuppofed 
to be the pyromucous, and mixed with a little empy- 
reumatic oil. The charcoal which remains is eafily 
diffipated when fet on fire in the open air ; a proof that 
it contains very little earth. 

Barley grain confifts almoft entirely of ftarch, not 
however in a ftate of perfed purity. In the procefs of 
malting, which is nothing elfe than caufing the barley 
to begin to vegetate, a great part of the ftarch is convert- 
ed into fugar. During this procefs oxygen gas is ab- 
forbed, and carbonic acid gas is emitted. Water, too, is 
abfolutely neceftary ; hence it is probable, that it is de- 
compofed, and its hydrogen retainedf. Starch, then, 
feems to be converted into fugar by diminifhmg the 
proportion of its carbon, and encreafing that of its hy- 
drogen and oxygen. Its diftillation fhews us that it 
contains no other ingredients than thefe three. 

Starch is contained in a great variety of vegetable 
fubftances ; moft commonly in their feeds or bulbous 
roots ; but fometimes alfo in other parts. Mr Parmen- 
tier, whofe experiments have greatly contributed to- 
wards an accurate knowledge of ftarch, has given us the 
following lift of the plants from the roots of which it 
may be extruded. 

Vegetable SUBSTANCES. Parti. 
feribed in the laft fedion, in order to obtain ftarch _Albumen, 
from it, the fubftance which remains, after every thing ' 

Ar&ium lappa, 
Atropa belladonna, 
Polygonum biftorta, 
Bryonia alba, 
Colchicum autumnale, 
Spiraea filipendula, 
Ranunculus bulbolus, 
Scrophularia nodofa, 
Sambucus ebulus, 
  nigra, 
Orchis morio, 

Imperatoria oftrutheum, 
Hyofcyamus niger, 
Rumex obtufifolius, 

— acutus, 
    aquaticus, 
Arum maculatum, 
Orchis mafcula, 
Iris pfeudacorus, 
— foetidiflr'na, 
Orobus tuberofus, 

    Bunium bulbocaftanum. 
It is found alfo nearly pure in the following feeds ; 

Oats, Chefnut, Acorn, 
Rice, Horfechefnut, And alfo in 
Maiz, Peas, Salop, 
Millet, Beans, Sago. 

Sect. I1L Of Gluten. 

^Vhen- wheat flour is waflied in the manner de* 

has been waflied away which cold water can feparate, Gluten, 
is called gluten. It was difeovered by Beccaria an Ita- howobtain- 
lian philofopher, to whom we are indebted for the firft^f 
analyfis of wheat flourl-. Aca/.x'x. 

Gluten, when thus obtained, is of a grey colour, ex- 
ceedingly tenacious, duftile, and tlaftic, and may be ex- Its proper- 
tended to twenty times its original length. When very ties, 
thin, it is of a whitifli colour, and has a good deal of re- 
femblance to animal tendon or membrane. In this ftate 
it adheres very teiiacioufly to other bodies, and has of- 
ten been ufed to cement together broken pieces of por- 
celain. its fmell is agreeable. It has fcarce any tafte, 
and does not lofe its tenacity in the mouth. a&'2^ f 

When expofed to the air, it gradually dries ; and,^1011 ot 

when completely dry, it is pretty hard, brittle, (lightly 
tranfparent, of a dark brown colour, and has fome re- 
femblance to glue. It breaks like a piece efglafs, and 
the edges of the fratfure refemble in fmoothnefs thofe 
of broken glafs ; that is to fay, it breaks with a vitreous 
fradture. 

When expofed to the air, and kept moift, it foon 
putrifies ; but when dry, it may be kept any length 
time without alteration. It is infolublc in water ; tho ater, 
it imbibes and retains a certain quantity of it with 
great obilinacy. To this water it owes its clafticity 
and tenacity. WTen boiled in water, it lofes both thele 
properties. It is foluble in alcohol, as Mr Vauquelin 
informs us| ; and precipitated again, as Mr Fourcroy 
has obferved, by pouring into the alcohol two parts ot2^g< 
water$. § Ibid. viiL 

Gluten is foluble in the three muteral acids. When i3J- 
nitric acid is poured on it, and heat applied, there a 

quantity of azotic gas emitted, as Berthollet difcoveied ; ’ 
and, by continuing the heat, a quantity of oxalic ^yau^uejjn 
is formed||. rrn j 1 vi- 

Alkalies diflblve gluten when they are afliited by^g, 
heat. The folution is never perfectly tranfparent. A- 30 
cids precipitate the gluten from alkalies, but it is defti-Alkalies, 
tute of its elafticityf. 1 

When moift gluten is fuddenly dried, its fwells ama- Hca£ 
zingly. Dry gluten, when expofed to heat, cracks, 
fwells, melts, blackens, exhales a fetid odour, and burns 
precifely like feathers or horn. When diftilled, there 
comes over water impregnated with ammonia and an 
empyreumatic oil; the charcoal which remains is with 3* 
difficulty reduced to afhes. From thefe phenomena, it^.^ 
is evident that gluten is compofed of carbon, hydro- 
gen, azot, and oxygen : perhaps alfo it contains a little 
lime. In what manner thefe fubftances are combined 18 33 
unknown. _ , Subftances- 

The only vegetable fubftance which has been hither-containing 
to found to contain it abundantly, is wheat flour. Vau-iJ-1 

quelin alfo found it in the fruit of the cajia JiJluloris*, 
and Fourcroy in the bark of a fpecies of quinquina trom ^ 
St Domingof. It probably exifts in many other plants. I3J< 

Sect. IV. Of Albumen. 

If the water in which wheat flour has been waffied 
in order to obtain ftarch and gluten, according to the 
dire&ions laid down in the two laft feAions, be filtra- 
ted, and afterwards boiled, a fubftance precipitates in 
white flakes 3 to which Mr Fourcroy, who firft pointed 

it. 

'. VlUo . 
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Vegetable SU 
it out, has given the name of allumen (a), on account of 
its refemblance to the white of an egg. 

It is evident, from the method of obtaining it, that 
albumen, in its natural ftate, is foluble in water, and 
that heat precipitates it from that fluid in a concrete 
ftate. While diflblved in water, it has fcarcely any 
tafte ; but it has the properly of changing vegetable 
blues, efpecially that which is obtained from the flowers 
of the mallow {rnal'va fylvejlris), into a green When 
allowed to remain diflblved in water, it putrifies with- 
out becoming previoufly acidjj. 

After it has been precipitated from water in a con- 
crete ftate by boiling, it is no longer foluble in water 
as before. Alcohol alfo precipitates it from w^ater pre- 
cifely in the fame ftate as when it is precipitated by 
heat. 

When concrete albumen is dried it becomes fome- 
what tranfparent, and very like glne. In that ftate it 
is foluble in alkalies, efpecially ammonia*. 

When dillilled it gives out carbonat of ammonia, a 
red fetid oil, and carbonated hydrogen gas; and a fpon- 
gy charcoal remains behind f. From this, it is evident 
that albumen, like gluten, is compofed of carbon, azot, 
hydrogen, and oxygen ; but the proportions and com- 
binations of thefe fubftances are altogether unknown. 

Mr Fourcroy found albumen in the exprefied juice 
of feurvy grafs, crefl'es, cabbage, and almoft ail cruci- 
form plants. He found it, too, in a great many young 
and fucculent plants ; but never a particle in thofe parts 
of vegetables which contain an acid. He obferved alfo 
that the quantity decreafed conftantly with the age of 
the plant. 

SfiCT. V. Of Jellv. 

If we prefs out the juice of ripe blackberries, cur- 
rants, and many other fruits, and allow it to remain for 
fome time in a ftate of reft, it partly coagulates into a 
tremulous foft fubftance, well known by the name of 

jelly. If we pour off the uncoagulated part, and wafh 
the coagulum with a fmall quantity of water, we obtain 
jelly approaching to a ftate of purity. 

In this ftate it is nearly colourlefs, unlefs tinged by 
the peculiar colouring matter of the fruit; it has a plea- 
fant tafte, and a tremulous confiftency. It is fcarce- 
ly foluble in cold water, but very foluble in hot water; 
and, when the folution cools, it again coagulates into 

vinwT^'th6 f°rm a jelly t* When long boiled, it lofes the 
Ckim. vi. property of gelatinifing by cooling, and becomes ana% 

lagous to mucilage J. This is the reafon that in ma- 
king currant jelly, or any other jelly, when the quan- 
tity of fugar added is not fufficient to abforb all the 

Properties 
of jelly. 

q8z. 
; Id. Ibid, 
v. 100. 

BSTANCES. Chap. I. 
watery parts of the fruit, and confcquently it is necef- Gum. 
fary to concentrate the liquid by long boiling, the mix- ^ 
ture often lofes the property of coagulating, and the 
jelly, of courfe, is fpoiled. $. § Ann.de 

Jelly combines readily with alkalies; nitric acid con-v* 
verts it into oxalic acid, without feparating any azotic 
gas [|. When dried it becomes tranfparent t|J. When ^ 
diftilled it affords a great deal of pyromucous acid, a*[ /bid. v. 
fmall quantity of oil, anti fcarcely any ammonia j-. 100. 

Jelly exhfts in all acid fruits, as oranges, lemons, t Ibid. vi. 
goofebenies, &c. and no albumen is ever found in thofe 2^ 
parts of vegetables which contain an acid. This cir- 
cumftance has induced Fourcroy to fuppofe that jelly 
is albumen combined with an acid * : but this conjee-* ^ 
time has not been verified by experiment ; nor indeed2^1, 

is it probable that it ever ftiall; as albumen evidently 
contains a quantity of azot, and jelly fcarcely any. The 
produdls ot jelly by diftillation ihew that it approaches 
nearer than any other vegetable fubftance to the nature 
of fugar. 

Sect. VI. Of Gum. 
There is a thick tranfparent taftelefs fluid which 

fometimes exfudes from certain fpecies of trees. It is 
very adhefive, and gradually hardens without lofing its 
tranfparency; but ealily foftens again when moiftened ^ 37 
with water. This exfudation is known by the name ^buine0^ 
gum. The gum moll commonly ufed is that which ex- 
fudes from different fpecies of the mimofa, particularly 
the nilotica f. It is known by the name of gum arable, tdy ufiart 
Gum likewife exfudes abundantly from Xheprums avium v. 
or common wild cherry tree of this country. 241. 

Gum is ufually obtained in fmall pieces like tears, 
moderately hard, and fomewhat brittle while cold, fo 
that it can be reduced by pounding to a fine powder. 
Its colour is ufually yellowifh, and it is not deftitute of 
luftre. It has no fmell; its tafte is infipid. 

Gum undergoes no change from being expofed to 
the atmofphere; but the light of the fun makes it af- 38 
fume a white colour. Water diffolves it in large quan-A^10n 

titles.' The folution which is known by the name 0f
water’ 

mucilage (r), is thick and adhefive: it is often ufed as 
a pafte, and to give ftiffnefs and luftre to linen. When 
fpread out thin it foon dries, and has the appearance of 
a varnifh ; but it readily attracts moifture, and becomes 
glutinous. Water wafhes it away entirely. When mu- 
cilage is evaporated the gum is obtained unaltered. ,9 

Gum is infoluble in alcohol. When alcohol is pour-Alcohol 
ed into mucilage, the gum immediately precipitates ; 
becaufe the affinity between water and alcohol is greater 
than that between water and gum. 

The aftion of alkalies and earths upon gum has not 
. been 

(a) The exiftence of albumefi in vegetables was known to Scheele. , Fie mentions it particularly in his paper 
on Milk, firft publiffied in the year 1780. See Scheele's IVorks, II. 55. Dijon edition. 

(b) Hermftadt ufes this word in a different fenfe. He makes a diftindtion between gum and mucilage. The 
folution of gum in water is tranfparent and glutinous, and can be drawn out into threads; whereas that of mu- 
cilage is opake, does not feel glutinous, but ftippery, and cannot be drawn into threads. Gum may be feparated 
from mucilage by the following procefs : 

Let the gum which is fuppofed to be mixed with mucilage, previoufly reduced to a dry mafs, be diffolved in 
1 as fmall a quantity of water as poffible, and into the folution drop at intervals diluted fulphuric acid. The mu- 

cilage coagulates while the gum remains diffolved. When no more coagulation takes place, let the mixture re- 
main at reft for fome time, and the mucilage will precipitate to the bottom, and affume the confiftence of jelly. 
Decant off the liquid part, and evaporate the mucilage to drynefs by a gentle heat till it acquires the confiftence 

i of horn. Med. and Phyf four. iii. 37c, 
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been examined. Acids do not precipitate it from mu- 
cilage t. The concentrated mineral acids deiiroy it. 
Concentrated fulphuric acid decompofes k ; water is 
formed, and perhaps alfo acetous acid ; while charcoal is 
precipitated. Nitric acid converts it into oxalic acicj 
oxy-muriatic acid, on the contrary, into citric acid . 

, When gum is expofed to heat it foftens and iwells, 
but does not melt; it emits air bubbles, blackens, and 
at laft, when nearly reduced to charcoal, emits a ow 
blue flame. This flame appears fooner if a flaming 
fubftance be held juk above the gum. After the gum 
is confumed, there remains a fmall quantity of white 
a flies, compofed chiefly of the carbonats ot lime and 

P°When gum is diftilled in a retort, the produ&s are 
water impregnated with a conftderable quantity of py- 
romucous acid, a little empyreumatic oil, carbonic acid 
gas, and carbonated hydrogen gas. When the pyro- 
mucous acid obtained by this procefs is faturated with 
lime, a quantity of ammonia is difengaged with which 
that acid had been combined. The charcoal which re. 
mained in the retort leaves behind it, after incineration, 
a little lime, and phofphat of lime §. _ . 

Thefe experiments fnew us that gum is compoied ot 
hydrogen, carbon, oxygen, azot, lime, and photphorus ; 
but the proportions and combinations of thefe fubitances 
are unknown to us. Mr Cruickfhank has rendered it 
probable that the quantity of carbon is greater, and 
the quantity of oxyen lefs, in gum than in fugar ||. 

Gum, or mucilage, cxifls moll abundantly m young 
plants, and gradually difappears as they arrive at per- 
fe&ion. It forms a great proportion of the leaves and 
roots of many eatable plants. 

Sect. VII. Of Extract. 

The word extrad was at firft applied to all thofe 
fubftances which were extracted from plants by means 
of water, and confequently included gum, jelly, and te- 
veral other bodies. But of late it has been confined, by 
thofe chemifts who have paid attention to the uie ot 
language, to a fubftance which exifts m many plants, 
and which may be obtained by [Miv.g fajfron in water 
for fome time, filtrating the mfufion, and evaporating 
it to dryuefs. The refiduum, after evaporation, is ex- 
tras nearly pure f. It poffeffes the following pro- 
perties : ,, • • ? 

Water diflblves it in confiderable quantities, espe- 
cially hot water. Alcohol alfo diffolves it with faci- 
lity. This property of being foluble both m water and 
alcohol has induced fome chemifts to give extras iht 
name of foab. It is infoluble in fulphuric ether. 1 heie 
three properties are fufficient to diftinguilh it from every 
other vegetable fubftance*. _ . r j r 

When the folution of extraft in water is expoied tor 
fome time in the open air, the extraft precipitates, and 
is now no longer foluble in water. This change is 
fuppofed to proceed from the addition of a quantity ot 
oxygen which it imbibes from the atmofpheref. 

When oxy-muriatic acid is poured into a watery io- 
lution of extract, that fubftance precipitates in yellow 
flakes Thefe flakes are infoluble in water,- they are 
infoluble alfo in alcohol at the temperature of 97* 5 but 
that liquid diffolves them at the temperature of 120 . 
They are foluble alfo in alkalies, and in boiling-hot 

Heat foftens but does 
B STANCES. 

Extradl is foluble in acids. 
not melt it §. _ r , , \ Id. Amu 

It is found in a great variety or plants; but as no^ (jbi/n* 
method of obtaining it perfeftly pure has hitherto beenviii. 
difeovered, the extracts of different plants differ fome- 
what from each other both in their colour and fmell. 

4* 

i Fourcroy. thCy mdt into a yellow mafs 

Sect. VIII. Of Tan. 

If a quantity of nut galls, coarfely powdered, be Prepara- 
kept for fome time infufed in cold water, if the watertion tan‘ 
be filtered, and a folution of muriat of tin be dropt 
into it, a copious white precipitate falls to the bottom. 
This precipitate is to be carefully waftied and diffufed 
(for it will not diffolve) thro’ a large quantity of water, 
and this water is to be iaturated with fulphurated hydro- 
gen gas fo completely that it will not abforb any more. 
By this treatment the white precipitate will gradually 
ddappear, and a brown precipitate will take its place. 
This brown precipitate muft be feparated by filtration ; 
and the water, which has now acquired the colour and 
the tafte of the infufion of nut galls, muft be evaporated 
to drynefs. A fubftance remains behind, known by 
the name of tan or tannine. 

It was firft difeovered by Seguin, who pointed out 
fome of its properties, and the method of detecting it 
in plants ||. The above method of obtaining it in 
ftate of purity was contrived by Mr Prouft. Ian exiftsj 
in the folution of nut galls combined with gallic acid. 
The oxyd of tin has a ftrong affinity for it. When 
muriat of tin is poured in, the tail combines with the 
oxide, and the compound, being infoluble, falls to the 
bottom. Sulphur has a ftronger affinity for the oxide 
than tan has. Hence when fulphurated hydrogen gas is 
thrown upon this compound, the fulphur leaves the gas 
and combines with the tin ; and the compound, being 
infoluble, falls to the bottom: The hydrogen gas 
efcapes, and nothing remains in the water except the 
tan. T r. . 

Tan is a brittle fubftance, of a brown colour. Ituspu>rc«> 
breaks with a vitreous fradture, and does not attradl ies' 
moifture from the air. Its take is exceedingly aftrin- 
gent. It is very foluble in water. The folution is of 
a deep brown colour, a very aftringent and bitter take, 
and has the odour which diftinguiihes a folution of nut 
galls. It froths, when agitated, like a folution of foap ; 
but does not feel undluous. Acids precipitate the tan 
from this folution. 

Tan is ftill more foluble in alcohol than in water. _ 
When the folution of tan is poured into a folution 

of the brown fulphat of iron, a deep blue coloured pre- 
cipitate immediately appears, confiiting ot the tan com- 
bined with the oxide. 'Phis precipitate, when dried, af- 
fumes a black colour. It is decompofed by acids. The 
green fulphat of iron is not altered by tan. 

When too great a proportion of brown fulphat of 
iron is poured into a folution ot tan, the fulphunc acid, 
fet at liberty byr the combination ot the iron and tan, is. 
fufficient to rediffolve the precipitate as it appears ; but 
the precipitate may eafily be obtained by cautioufly fa- 
turating this excels of acid with potats. V hen the ex- 
periment is performed in this manner, all the red fulphat 
of iron which remains in the folution undecompofed is 
converted into green fulphat. Mr Prouft, to whom we 
are indebted for almoft every thing yet known concern- 
ing the properties of tan, fuppofes that this change is b 1 - produced 
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produced by the tan abforbing oxygen from the iron. 
This may very poflibly be the cafe; but his experiments 
are infufficient to prove that it is. The fame change 
takes place if red oxide be mixed with a confiderable 
excefs of fulphuric acid, and diluted with water. 

Tan combines readily with oxygen. When oxy-mu- 
riatic acid is poured upon it, its colour deepens, and it 
lofes all its peculiar characters *. 

Tan exiils in almoft all thofe vegetable fubftances 
which have an aftringent tafte. It is almoll conftantly 
combined with gallic acid. The following table, drawn 
up by Mr Biggin f, though the rule which the author 
followed in making his experiments precluded rigid ac- 
curacy, will ferve to give fome idea of the proportions 
of tan which exift in different plants : 

Elm 
Oak cut in winter 
Horfe chefnut - - 
Beech 
Willow (boughs) 
Elder 
Plum tree - 
Willow (trunk) 
Sycamore 
Birch 
Cherry tree - 

Prop, of Tan. 
2,1 
2,1 
2,2 
2,4 
2,4 
3’? 
4>° 
4>° 
4’1 

4>t 
4,2 

Prop. 
Sallow 
Mountain afh 
Poplar 
Hazel 
Afh 
Spanifh chefnut 
Smooth oak - 
Oak cut in fpring 
Huntingdon or Lei- 

cefler willow 
Sumach 

of Tan. 
4>6 
4>7 
6,o 
<5,3 

- 6,6 
■ 9,0 
- 9,2 

9,6 

} 
10.1 

16.2 

Sect. IX. Of Oils. 

There are two fpecies of oils ; namely,and vo- 
latile : both of which are found abundantly in plants. 

1. Fixed oil is found in the feeds of many plants, 
efpecially of the oil, beech, flax, almond, rape, &c. 

2. Volatile oil is obtained by diflillation from the 
leaves, flowers, or roots of aromatic plants, as lavender, 
rofes, rofemary, See. 

As an account of the properties of oils has been given 
already in the article Chemistr.y, Suppl. it would be 
fuperfluous to repeat it here. 

Sect. X. Of Camphor. 

The laurus camphorata is a tree which grows in 
China, Japan, and feveral parts of India. When the 
roots of this tree are put into an iron pot furnifhed with 
a capital, and a fufficient heat is applied, a particular 
fubflance fublimes into the capital, which is known by 
the name of camphor. The Dutch afterwards purify 
this camphor by a fecond fublimation. 

Camphor is a white brittle fubftance, having a pecu- 
liar aromatic odour and a llrong tafte. 

Properties I* not altered by atmofpheric air; but it is fo vo- 
of camphor.latile, that if it be expofed during warm weather in an 

open veflel, it evaporates completely. When fublimed 
in clofe vefiels it cryftallifes in hexagonal plates or pyra- 

* Romieut mids *. 
It is infoluble in water; but it communicates to that 

liquid a certain portion of its peculiar odour. 
It diflblves readily in alcohol, and is precipitated 

again by water. If the alcohol be diluted with water 
as much as pofiible, without caufing the camphor to 
precipitate, fmall cryftals of camphor refembling feathers 
gradually formf. 

Camphor is foluble alfo in hot oils, both fixed and f Jtomuu 
Mem. Par. 
*7561P- 4*-v°latile > but as the folution cools the camphor preci- 

BSTANCES. p.,rtIi 

pitates, and affumes the form of plumofe, or feather-like Camphor, 
cryftals J. -—^< 

Camphor is not a&ed on by alkalies, either pure or 
in the ftate of carbonats. Pure alkalies indeed feem 
to diflblve a little camphor ; but the quantity is too 
fmall to be perceptible by any other quality than its 
odour §. Neither, is it aided upon by any of the neu- § Bouillon 
tral falts which have hitherto been tried. ia Grange, 

Acids diflblve camphor, but it is precipitated again, dt ... 
unaltered, by alkalies, and even by water. The folution Chim‘ 
of camphor in fulphuric acid is red ; that in the nitric I,J4‘ 
acid is yellow. This laft folution has obtained the ab- 
furd name of oil of camphor. When nitric acid is dif- 
tilled repeatedly off camphor, it converts it into cam- 
phoric acid. 

Muriatic, fulphurous, and fluoric acids, in the ftate 
of gas, diflblve camphor. When water is added, the 
camphor appears unaltered in flakes, which fwim on the 
fur face of the water §. § Founroy^ 

When heat is applied to camphor it is volatilized. If 
the heat be fudden and ftrong, the camphor melts be- 
fore it evaporates. It catches flame very readily, and 
emits a great deal of fmoke as it burns, but it leaves no 
refiduum. It is fo inflammable that it continues to 
burn even on the furface of water. When camphor is 
fet on fire in a large glafs globe filled with oxygen gas, 
and containing a little water, it burns with a very 
bright flame, and produces a great deal of heat. The 
inner furface of the glafs is foon covered with a black 
powder, which has all the properties of charcoal, a 
quantity of carbonic acid gas is evolved, the water in 
the globe acquires a ftrong fmell, and is impregnated 
with carbonic acid and camphoric acid ||. || Bouillon 

If two parts of alumina and one of camphor be form-/*? Grange, 
ed into a pafte with water, and diftilled in a glafs re-il>id- P- ,68- 
tort, there comes over into the receiver (which ftiould Ug a fij. 
contain a little water, and communicate with a pneu- ' 
matic apparatus) a volatile oil of a golden yellow co- 
lour, a little camphoric acid which diflblves in the wa- 
ter, and a quantity of carbonic acid gas, and carbona- 
ted hydrogen gas, which may be colle&ed by means of 
a pneumatic apparatus. There remains in the retort a 
fubftance of a deep black colour, cornpofed of alumina 
and charcoal. By this procefs, from 1 22.284 parts of 
camphor, Mr Bouillon la Grange, to whom we are in- 
debted for the whole of the analyfis of camphor, ob- 
tained 45.856 parts of volatile oil, and 30.571 parts 
of charcoal. The proportion of the other produ&s was 
not afeertained *. * Hid. p. 

From this analyfis, Mr Bouillon la Grange concludes !57. 
that camphor is compofed of volatile oil, and charcoal 
or carbon, combined together. We learn from his ex- 
periments, that the ultimate ingredients of camphor are 
carbon and hydrogen ; and that the proportion of car. 
bon is much greater than in oils. 

Camphor exifts in a great many plants. Neumann, . 49 

Geoffroy, and Cartheufer, extra&ed it from the roots tain'ing^"- 

of zedoary, thyme, fage, See. and rendered it probable 
that it is contained in almoft all the labiated plants. 
It has been fuppofed to exift: in thefe plants combined 
with volatile oil. Prouft has ftiewn how it may be ex- 
tracted, in confiderable quantity, from many volatile 
Ofot* , ' , . Ann.de 

Camphor, which was unkaown to the ancient Greeks cbim. iv. 
and Romans, was introduced into Europe by the Ara-»79- 

bians. 

1 
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blans. iEtius is the firft perfon who mentions it. It 

'' feems, however, to have been very early known to the 
eaftern nations. 

It is much ufed in medicine. It is a powerful fti- 
mulant ; it is confidered as peculiarly efficacious in dif- 
eafes of the urinary organs ; it is often ferviceable in 
mania, and procures fleep when every other medicine 
fails. 

Sect. XI. Of Resins. 

There is a yellowifh white coloured fubftance which 
often exfudes from the Abies Montana, or common Scotch 
fr, and likewife from other fir trees. It is fomewhat 
tranfparent, i-s hard and brittle, of a difagreeable talle, 
and may be collected in confiderable quantities. This 
fubftance is known by the name of refin ; and the fame 
name is alfo applied to all fubftances which pofiefs near- 
ly the fame properties with it. Refin may be diftin- 
guiftied from every other fubftance by the following 
properties : 

It is more or lefs concrete, and has an acrid and hot 
tafte. 

It is totally infoluble in water. By this property it 
may eafily be feparated from gum, if they happen to be 
mixed together. 

It is foluble in alcohol, and in fulphuric ether*. By 
the firft of thefe properties we may feparate it from 
gum, and by the laft from extract ; for extract is in- 
foluble in fulphuric ether. When thefe folutions are 
evaporated the refin is obtained unaltered. If the fo- 
lution be fpread thin upon any body, it foon dries by 
the evaporation of the alcohol; the refin remains be- 
hind, and covers the body with a fmooth ffiining tranf- 
parent coat, which cannot be waffied off by water. This 
procefs is called varni/hing. 

Refin is foluble alfo in volatile oils ; and thefe folu- 
tions are often ufed likewife in varnifhing. 

Refin is fcarcely acted upon by acids. Alkalies 
combine with it, but the combination is not tafily ef- 
fected. 

When refin is heated it readily melts ; and if the heat 
be increafed it is volatilized, and burns with a white 
flame and ftrong fmell. When diftilled it yields much 
volatile oil, but fcarcely any acid. 

When volatile oils are expofed for fome time to the 
adtion of the atmofphere they acquire confiftency, and 
affume the properties of refins. During this change 
they abforb a quantity of oxygen from the air. Weft- 
rum put 30 grains of oil of turpentine into 40 cubic 
inches of oxy-muriatic acid gas. Heat was evolved, the 
oil gradually evaporated, and affumed the form of yel- 
low refin f. Thefe faCts render it probable that refin 
is merely volatile oil combined with a quantity of oxy- 
gen. 

To know whether any vegetable fubftance contains 
refin, we have only to pour fome fulpburic ether upon 
it in powder, and expofe the infufion to the light. If 
any refin be prefent the ether will affume a brown co- 

| Etrmftadt. lour 

The number of rtfins is confiderable. They differ 
from each other chiefly in colour, tafte, fmell, and con- 
fiftency. Whether thefe refins be really different com- 
binations. or, as is molt likely, owe thefe differences to 
foreign ingredients, either combined with the refin, or 
mechanically mixed with it, is not at prefent known. 

Surrl. Vol. II. Part II. 

f Crell's 
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To defcribe each refin feparately woiftdbe to little pur- 
pofe, as fcarcely any thing is known of them except 
their general properties as refins. The following is a 
lift of the principal. The reader will find an account 
of the manner of obtaining them, and of their ufes, by 
confulting the name of each in the Encyciop&dia. 

1. Common refin, 
2. Turpentine, 
3. Pitch, 
4. Galipot, 
5. Elemi, 
6. Maftic, 

7. Sandarac, 
8. Guiacuin, 
9. Labdanum, 

10. Dragon’s blood, 
11. Copaiba. 

5» 
There are three vegetable fubftances which haveBalfams. 

been denominated balfams by fome of the later French 
writers. They appear to confift of refin, or volatile oil 
combined with benzoic acid. Thefe fubftances are, 
benzoin, balfam of Tolu, and ftorax. For an account of 
them we refer to the Encyclopedia. ^ 

Many vegetable fubftances occur in medicine which Oum re- 
confift chiefly of a mixture of gum and refin. Thefe fins, 
fubftances, of courfe, have a number of the properties 
both of gums and refins. For this reafon they have 
been denominated gum refins. The following are the 
molt important of theie fubftances : 

Olibanum, Aloes, 
Galbanum, Myrrh, 
Scammony, Ammoniac, 
Afafoetida, Opium. 

For an account of them we refer to the Encyclopedia, 

Sect. XII. Of Caoutchouc. 
S4 

About the beginning of the 18th century a fub-Difcovery 
fiance, called caoutchouc, was brought as a euriofity of caout- , 
from America. It was foft, wonderfully elaftic, and^011^ 
very combuftible. The pieces of it that came to Eu- 
rope were ufually in the fliape of bottles, birds, &c. 
This fubftance is very much ufed in rubbing out the 
marks made upon paper by a black lead pencil ; and 
therefore in this country it is often called Indian rub- 
ber. Nothing was known of its production, except that 
it was obtained from a tree, till the French academici- 
ans went to South America in 1735 to meafure a de- 
gree of the meridian. Mr de la Condamine fent an ac- 
count of it to the French Academy in the year 1736* 
He told them, that there grew- in the province of El- 
meraldas, in Brazil, a tree, called by the natives///'ew ; 
that from this tree there flowed a milky juice, which, 
when infpilTated, wos caoutchouc. Don Pedro Maldo- 
nado, who accompanied the French academicians, found 
the fame tree on the banks of the Maragnon ; but he 
died foon after, and his papers were never publifhed. Mr 
Frefnau, after a very laborious fearch, difcovered the 
fame tree in Cayenne. His account of it was read to 
the French Academy in 1751. _ 55 

It is now known that there are at leaft two trees in Flints con- 
South America from which caoutchouc may be obtain-^ 
ed, the Hasvea Caoutchouc and the Jatropha Elaftica ; 
and it is exceedingly probable that it is extradted alfo 
from other fpecies of Haevea and Jatropha. Several 
trees likewife which grow in the Eaft Indies yield ca- 
outchouc ; the principal of thefe are, the Ficus Indica, * Aftatic 
the Artocarpus Integrifolia, and the Urceola Elaftica; 
a plant difcovered by Mr Howifon, and firlt defcribed v-!67- 
and named by Dr Roxburgh *. edition? 

3 Z When 
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When any of thefe plants is pun&ured, there exfudes 
from it a milky juice, which, when expofed to the air, 
gradually lets fall a concrete lubltance, which .s caout- 
chouc. 

If oxy-muriatic acid be poured into the milky juice, 
the caoutchouc precipitates immediately, and, at the 
fame time, the acid lofes its peculiar odour. This ren- 
ders it. probable that the formation of the caoutchouc 
is owing to its balls abforbing oxygen *. If the milky 
juice be confined in a glafs veffel containing common 
air, it gradually abforbs oxgen, and a pellicle of caout- 
chouc appears on its furface-j-. 

Caoutchouc was no fooner known than it drew the 
attention of philofophers. Its lingular properties pro- 
mifed that it would be exceedingly ufeful in the arts, 
provided any method could be fallen upon to mould it 
into the various inftrumerits for which it feemed pecu- 
liarly adapted. MefTrs de la Condimine and Frefnau 
had mentioned feme of its properties; but Macquer 
was the firft perfon who undertook to examine it with 
attention. His experiments were publilhed in the me- 
moirs of the French Academy for the year 1768. 
They threw a good deal of light on the fubjeft ; but 
Macquer fell into fome mittakes, which were pointed 
out by Mr Berniard, who publifhed an admirable paper 
on caoutchouc in the 17th volume of Journal de 
Phyjique. To this paper we are indebted for the greater 
number of faffs at prefent known refpefting caout- 
chouc. Mr Groflart and Mr Fourcroy have likewife 
added confiderably to our knowledge of this lingular 
fubftance ; both of their treatifes have been publilhed in 
the nth volume of the Annales de Chemie. 

Caoutchouc, when pure, is of a white colour (c), and 
without either tafte or fmellj. \ The blackilh colour 
of the caoutchouc of commerce is owing to the method 
employed in drying it after it has been fpread upon 
moulds. The ufual way is to fpread a thin coat of the 
milky juice upon the mould, and then to dry it by expo- 
fing it to fmoke; afterwards another coat is fpread on, 
which is dried in the fame way. Thus the caoutchouc 
of commerce confifts of numerous layers of pure caout- 
chouc alternating with as many layers of foot. 

Caoutchouc is foft and pliable like leather. It is 
exceedingly elallic and adhefive ; fo that it may be for- 
cibly ftretched out much beyond its ufual length, and 
inftantly recover its former bulk when the force is with- 
drawn. It cannot be broken without very confiderable 
force. 

It is not altered by expofure to the air; it is per- 
feflly infoluble in water : but if boiled for fome time 
its edges become fomewhat tranfparent, owing undoubt- 
edly to the water carrying off the foot ; and fo foft, 
that when two of them are preffed and kept together 
for fome time, they adhere as clofely as if they formed 
one piece. By this contrivance pieces of caoutchouc 
rnay be fuldered together, and thus made to affume 
whatever lhape we pleafe $. 

Caoutchouc is infoiuble in alcohol. This property 
was difeovered very early, and fully confirmed by the 
experiments of Mr Macquer. The alcohol, however, 
renders it colourlefs. 

Caoutchouc is foluble in ether. This property was 
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firft pointed out by Macquer. Berniard, on the con- Caout- 
trary, found that caoutchouc was fcarcely foluble at all choue, 
in fulphuric ether, which was the ether uied by Mac- ^ ^ 
quer, and that even nitric ether was but an imperfedl 
folvent. The difference in the refults of thefe two 
chemifts was very fingular; both were remarkable for 
their accuracy, and both were too well acquainted with 
the fubjeft to be ealily miffed. The matter was firft 
cleared up by Mr Cavallo. He found that ether, when 
newly prepared, feldom or never diffolved caoutchouc 
completely ; but if the precaution was taken to waffi 
the ether previoufly in water, it afterwards diffolved 
caoutchouc with facility. Mr Groffart tried this ex- 
periment, and found it accurate *. It is evident from * Ann.de 
this that thefe chemiils had employed ether in different Chim.ii. 
ftates. The waffring of ether has two effects. It deprives 147* 
it of a little acid with which it is often impregnated, 
and it adds to it about one-tenth of water, which re- 
mains combined with it. 

When the ether is evaporated, the caoutchouc is ob- 
tained unaltered. Caoutchouc, therefore, diffolved in 
ether, may be employed to make inftruments of diffe- 
rent kinds, juft as the milky juice pf the haevea ; but 
this method would be a great deal too expenfive for 
common ufe. 

Caoutchouc is foluble in volatile oilsf ; but, in ge- 
neral, when thefe oils are evaporated, it remains fome- f Berniard, 
what glutinous, and therefore is fcarcely proper for 
thofe ufes to which, before its folution, it was fo admi- 
rably adapted. 

It is infoluble in alkalies J. The acids a6t upon it Acids ati4 
with more or lefs violence according to their nature. aikai;egj 
Sulphuric acid decompofes it completely, charcoal pre- f Id. 
cipitates, and part of the acid is converted into ful- 
phurous acid. Nitric acid converts it into a yellow 
fubftance, analogous to fuberic acid. Muriatic acid does 
not affeft it §. The other acids have not been tried. ^ ^ 

Fabroni has difeovered, that rectified petroleum dif- 
folves it, and leaves it unaltered when evaporated j|. g 7^ 

When expofed to heat it readily melts ; but it never and xii. 156', 
afterwards recovers its properties, but continues always 64 
of the corfiftence of tar. It burns very readily with a 
bright white flame, and diffufes a fetid odour. In thofe 
countries where it is produced, it is often ufed by way 
of candle. 

When diftilled, it gives out ammonia ^[. It is evi-( 
dent from this, and from the effect of fulphuric and Ann. de 
nitric acid upon it, that it is compofed of carbon, hy- Cbim. xi. 
drogen, azot, and oxygen; but the manner in which 
they are combined is unknown. 

When treated with nitric acid, there came over 
azotic gas, carbonic acid gas, pruffic acid gas ; and 
oxalic acid was formed *. # 

It feems to exift in a great variety of plants; but is , 
ufually confounded with the other ingredients. It may Howto fe- 
be feparated from refins by means of alcohol. It mayparate k 
be extrafted from the different fpecies of mifletoe by Ir(>m plant^ 
water, with which, in the fluid ftate in which it exifts 
in thefe plants, it readily combines. When mixed with 
gum or extraft, it may be feparated by the following 
procefs: Digeft a part of the plant containing it firlt 
in water and then in alcohol, till all the fubftances fo- 

luble 

’ ^ Fourcroy 1 

(c) Mr De Fourcroy fays, that blackifli brown is the natural colour of caoutchouc. But we have feen fome 
pieces of it from the Eaft Indies, which had been allowed to infpiffate in the open air : They were white, witl* 
a flight call of yellow, and had very much the appearance and. feel of white foap* 
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Wax. lubW irt thefc liquids be extra^led. Dry the refiduum, 
«—-"V—-' and digeft it in five times its weight of rectified petro- 

leum. Exprefs the liquid part by fqueezing the fub- 
ftance in a linen cloth. Let this liquid remain fevcral 
days to fettle, then decant off the clear liquid part, 
mix it with a third part of water and diftil, the caout- 

• HernJfadt,c\io\xc remains behind *. 

nyfjir. Sect. XIII. Of Wax. 
iii. 37*• 

■f- Id. Hid. 
373 
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ties. 

The upper furface of the leaves of many trees is co- 
vered with a varnifh of wax.* This varnifh may be fe- 
parated and obtained in a Hate of purity by the follow- 

64 ,nS Procefs- 
Wax a ve- Digeft the bruifed leaves, firft in water and then in 
getablepro-alcohol, till every part of them which is foluble in thefe 
Uu&ion. liquids be ext rafted. Then mix the refiduum with fix 

times its weight of a folution of pure ammonia, and, 
after fufficient maceration, decant off the iolution, fiker 
it, and drop into it, while it is inceffantly ftirred, dilu- 
ted fulphuric acid, till more be added than is fufficient 
to faturate the alkali. The wax precipitates in the 
form of a yellow powder. It fhould be carefully waffi- 
ed with water, and then melted over a gentle fire f. 

Mr Tingry firft difcovered that this varnifh poileffed 
\ Enc.Metb.zW the properties of bees •wax\. Wax then is a vege- 
Forets et table produft. The bees extraft it unaltered from the 
Bsis^ i. 100. ieaves 0f trees and other vegetable fub'ftances which con- 

tain it. They feem, however, to mix it with fome of 
the pollen of flowers. 

Wax, when pure, is of a whitiffi colour, it is defti- 
tute of tafte, and has fcarcely any fmell. Bees wax in- 
deed has a pretty ftrong aromatic fmell; but this feems 
chiefly owing to fome fubftance with which it is mix- 
ed; for it disappears almoft completely byexpofing the 
wax, drawn out into thin ribands, for fome time to the 
atmofphere. By this procefs alfo, which is called 
bleachingt the yellow colour of the wax difappears, and 
it becomes very white. Bleached wax is not affefted 
by the air §. 

Wax is infoluble in water and m alcohol. It com- 
bines readily with alkalies, and forms with them a foap 
which is foluble in water ||. 

b Punic wax, which the ancients employed in painting 
xxxvui. 56. in encaufto, is a foap compofed of twenty parts of wax 
|1 Claptal, and one of foda *. Its compofition was afcertained by 

Mr Lorgna f. 
Sulphuric and nitric acids decompofe wax complete- 

ly ; oxy-muriatic acid bleaches it inftantaneoufly. 
Wax combines readily with oils, and forms wuth 

them a fubftance of greater or lefs confiftency accord- 
ing to the quantity of oil. This compofition, which 
is known by the name of cerate, is much employed by 
furgeons. 

When heat is applied to wax it becomes foft ; and 
at the temperature of 1420, if unbleached, or of 155° 
if bleached j;, it melts into a colourlefs tranfparent 
fluid, which concretes again, and refumes its former ap- 
pearance as the temperature diminiffies. If the heat be 
ftill farther increafed, the wax boils and evaporates; and 
if a red heat be applied to the vapour, it takes fire and 
burns with a bright flame. It is this property which 
renders wax fo ufeful for making candles. 

Mr Lavoifier, by means of the apparatus deferibed 
in the article Chemistry, Suppl. no 353. contrived to 
burn wax in oxygen gas. The quantity of wax con- 
sumed was 21.9 grains. The oxygen gas employed ia 

confuming that quantity amounted to 66.5$ grains. 
Confequer.tly the fubftances confumed amounted to 
88.45 grains. After the combuftion there were found 
in the glafs veflel 62.58 grains of carbonic acid, and a 
quantity of water, which was fuppofed to amount to 
25.87 grains. Thefe were the only produfts. 

Now 62.58 grains of carbonic acid gas contain 
4456 of oxy. and i8.o» of carb ; and 25.87 gr. of water contaiH 
21.99 of oxy. and 3.88 of hydro. 

$ Senebier, 
Ann.de 
Chim. XU. 
60. and 
"Jour, de 
Thyf. 

iii. 164. 

c. 14. 
•}• your de 
Pbyf. Nov. 
I785. 

f Nicbolt 
fon't “Jour- 
nal, i.71. 

66 
Analyfis. 

66.55 21.90 
ConCequently 21.9 parts of wax are compofed of 18.02 
of carbon, and 3.88 of hydrogen. And 100 parts of 
wax are compofed of 82.28 carbon, 

hydrogen, 

IOO.OO* * Lavtipr, 
If wax be diftxlled with a heat greater than 212^, Jour, de 

there comes over a little water, fome febacic acid, aw7!/;xxxl, 

little very fluid and odorous oil : the oil, as the diftilla-D’ 
tion advances, becomes thicker and thicker, till at laft 
it is of the confiftency of butter, and for this reafon has 
been called butter of <zuax. There remains in the retort 
a fmall quantity of coal, which is not eafily reduced to 
affies. When the butter of wax is repeatedly diftilled 
it becomes very fluid, and affumes tire properties of vo- 
latile oil f. ■ Mem. Par. 

Sect. XIV. Of the Woody Fibre. 1708.P. 53. 

All trees, and molt other plants, contain a parti- . 
cular fubftance, well known by the name of wood. If 
a piece of wood be well dried, and digefted, firft in a 
fufficient quantity of water, and then of alcohol, to ex- 
traft from it all the fubftances foluble in thefe liquids, 
there remains behind only the woody fibre. 67 

This fubftance, which conftitutes the bafis of wood,Properties 
is compofed of longitudinal fibres, eafily fubdivided in-of wood, 
to a number of fmaller fibres. It is fomewhat tranfpa- 
rent; is perfeftly taftelefs ; has no fmell; and is not al- 
tered by expofure to the atmofphere.) 

It is infoluble in water and in alcohol; but foluble in 
alkalies. The mineral acids decompofe it. When diftil- 
led it yields, in all probability, pyrolignous acid. When 
burnt with a fmothered fire it leaves behind it a conii- 
derable quantity of charcoal. 

It is precipitated from alkalies unaltered by acids|. f Fourcrty, 
By nitric acid Fourcroy concerted the refiduum of 

quinquina, which does not feem to differ from the VUI‘ 
woody fibre, into oxalic acid ; at the fame time there ^ 
was a little citric acid formed, and a very fmall quan-j^a^^ 
tity of malic and acetous acids. Some azotic gas alfo 
was difengaged. By this procefs he obtained from 100 
parts of woody fibre 

56.250 oxalic acid, 
" 3-9°5 citr‘c acid, 

0.388 malic acid, 
0.486 acetous acid, 
0.867 azotic gas, 
8.330 carbonat of lime. 

70.226 
32.031 refiduum. 

102.257 
There was likewife a quantity of carbonic acid ga« 

difengaged^ the weight of which was unknown. This 
3 Z 2 iacreafc 
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mcreafe of weight in the product was evidently owing 
to the oxygen derived from the nitric acid*. 

When diftilled in a retort, ico parts yield the fol- 
lowing 'produ&s : 

26.63 of a yellow liquid, containing alcohol, and acid 
which had the Imell of pyronjucous. 

6.977 of concrete oil, mollly foluble in alcohol. 
22.999 charcoal . 

3.567 carbonat of lime j in the retort. 

60.159 
39.841 gas, half carbonic acid, half carbonated hy- 

drogen. 

-f JtU.vxi 
*85. 

Hid. 151. lOO.OOO*. 
Thtfe fa&s ihew us, that the woody fibre is conapo- 

fed of oxygen, carbon, hydrogen, azot, and lime. Mr 
Chaptal fuppofes that mucilage differs from woody 
fibre merely in containing lefs oxyrgen. We are cer- 
tain at leaft that mucilage or gum is compofed of the 
fame ingredients ; and Mr Chaptal has {hewn, that the 
juices of plants are partly converted into woody fibre by 
oxy-muriatic acid, which imparts to them oxygen-)-. 
Thefe juices contain both gum and refin : after the 
formation of the woody fibre the refin is ftill unaltered. 
This gives a good deal of probability to his opinion. 

Sect. XV. Of slans. 
The acids found ready formed in vegetables are the 

following : 

j. Oxal ic, 5. Gallic, 
2. Tartarous, 6. Benzoic, 
3. Citric, 7. Phofphoric. 
4. Malic, 

Sometimes alfo the fulphuric, nitric, and muriatic 
acids occur in vegetables, combined with alkalies or 
earths, but never except in very minute quantities. 

1. Oxalic acid is eahly dete£led and diftinguilheil by 
the following properties : It decompofes all calcareous 
falls, and forms with lime a fait infoluble in water. It 
readily cryftallizes. Its cryfials are quadrilateral pvifms. 
It is totally dellroyed by heat. 

Oxalic acid was firit detected in vegetables by Mr 
Scheele. It has been difeovered in the following plants: 

The leaves of the oxal is acetofeliaf. 
oxalis corniculata. 

The root of rhubarb;);. 
The leaves of the geranium acidum$. 
2. Tartarous acid is known by the following proper- 

ties : When a little potafs is cautioufiy dropt into a {elu- 
tion containing it, common tartar is formed, and precipi- 
tates to the bottom. Tartarous acid does not decompofe 
the fulphat, nitrat, or mUriat of lime. Tartrite of lime 
is foluble in w'ater. Tartarous acid cryftallizes. Its 

* Vauquelin,cryftals are long {lender prifms. It is deftroyedby heat. 
Tartarous acid has been found in the following vege- 

table fubftances : 

69 
Plants con- 
taining 
•xalic acid. 

•f Scheele, 
CreU'syour. 
i. *07. Enel. 
Tranfl. 
4 Ibid. 34. 
§ Hermjladt, 

70 
Tartarous 
acid, 

JLnn.de 
Chim. v. 
91. 
t Hermftadt The pulp of the tamarind*. 

The juice of grapes. 
Mulberries-)-. 
R.umex acetofa, forrel\. 
Rhus coriaria, fumach\. 
Rheum rhaponticumj). 
Agave Americana*)). 

The roots of triticum repensf. 
Leontodon taraxicumf, 

tn V(get. 
Acids. 
|| Bindheim, 
Crell, 1738, 
St. 7. s. 42. 
1) Hoffman 
cf Weimar. 
f Hermjiadt 
m Veget. 
Aehlit 

Parr. I, 
3. Citric acid is diftinguiihed by the following pro- Acids, 

perties : It does not form tartar when potafs is added v——^ 
to it. With lime it forms a fait infoluble in water,,,- J1 

which is decompofed by fulphuric, nitric, and muriatic tnC aC1(J* 
acids. It readily cryftallizes. It is deftroyed by heat. 

Citric acid has been found unmixed with other acids 
in the follow-ing vegetable fubftances* : * Scheele, 

The juice of oranges and lemons. Crell's Jeur, 
The berries of vaccinium oxycoccos, cranberry. Ti-8 {f^* 

• - — — vitisidaea, red nvhortle berry. " 
Prunus padus, birdcherry. 
Solatium dulcamara, mghtjhade. 
Rofa canina, hip. 

It occurs mixed wdth other acids in many other fruits. 71 
4. Malic acid is known by the following properties : Malic acid, 

It forms with lime a fait foluble in water, which is de- 
compofed by citric acid. It does not form tartar with 
potafs. It is incryftallizable. Heat deftroys it. 

Malic acid has been found, by Scheelej-, in the fruits t bhid. 
of the following plants, which contain no other acid: 

Apples. 
Berberis vulgaris, barberry. 
Prunus domeftica,/>/*/>«. 
 fpinofdjj'Zoe. 
Sambucus nigra, elder. 
Sorbus aucuparia, roan or fervice. ^ 
In the following fruits he found nearly an equal quan-Malic and 

tity of malic and citric acidsj;. citric. 
Ribes grofiularia, goofeberry. t Ibid. 
  rubrum, currants. 
Vaccinium myrtillus, bleaberry. 
Crategus aria, beam. 
Prunus cerafus, cherry. 
Fragaria vefca, Jlraivberry. 
Rubus chamasmorus, cloudberries, evrochs. 
 idasus, rafpberry. 
Malic acid lias alfo been found in the agave ameri-§ Hoffman 

cana$, and in the pulp of tamarindsj|. In the firit of°f bVeimar. 
thefe it is mixed with tartarous acid ; in the fecond with'^ ^auquelhi, 
tartarous and citric acids. de 

5. Gallic acid is known by the following properties : 97. 
With the brown oxide of iron it produces a black co- 
lour. It is cryftallizable. Heat deftroys it. It has Gallic acid, 
been found in a great number of plants, chiefly in the 
bark.—The following table, drawn up by Mr Biggin* ;* Hichol- 
will ferve to ftiew the relative proportions of this acid/°"X3f&*r* 
in different plants: 

7 Sallow 
8 Mountain afli 
6 Poplar 
7 Hazel 
8 Afh ... 
4 Spanilh chefnut 
8 Smooth oak 
9 Oak cut in fpring 
6 Huntingdon or Lei- 
4 celter willow 
8 Sumach 

6. Benzoic acid is diftinguifhed by its aromatic °dour, genz^vc 
and its votality on the application of a very moderate acid, 
heat. It has been found hitherto only in three vege- 
table fubftances, to which the French chemifts have 
confined the term balfam. Thefe three are, benzoin, 
balfam of tolu, andJlorax. In. thefe fubftances it feems 
to be combined with a refin, or fomething which has 
nearly the properties of a refin. 

Elm 
Oak cut in winter 
Horfe chefnut 
Beech 
Willow (boughs) 
Elder 
Plum tree 
Willowr (trunk) 
Sycamore 
Birch 
Cherry tree 

8 
8 
8 
9 

10 
10 
10 
10 

10 

nal, iii. 
394* 

7. Phof. 
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7. Phofphoric acid is eafily diftinguiftied from the 

   former fix, for it is very fixed, and a violent heat does 
76 . not deftroy it as it does the others, phofphonc phofphoric acid has been found in different plants, 

but only in very fmall quantities; it is almoft conilant- 
ly combined with lime. Meyer found it in the leaves 

*Enc.Meth. many trees* ; Thuren found phofphat of lime in the 
Pbyfxl. Vc- ACOmtus Napellusf ; and Bergmann found it in all 

kinds of grain:}:. 

Sect. XVI. Of Jlkalibs. 

The only alkalies found in plants are potafs and 
foda. Ammonia may indeed be obtained by diflilhng 
many vegetable fubftances, but it is produced during 
the operation. One or other of thefe alkalies is found 
in every plant which has hitherto been examined. The 
quantity indeed is ufually very fmall. 

Proportion I. Potafs is found in almoft all plants which grow at 
of potafs in a diftance from the fea. It may be extracted by burn- 

Cbim. ii. 
308. 
| Bergmann 
V. 96. 

plants. 

+ Atm. it 
Chim. xix. 
174. 

ing the vegetable, wafhing the afhes in water, filtrating 
the water, and evaporating it to drynefs. It is in this 
manner that all the potafh of commerce is procured. 

The following table exhibits the quantity of afhes 
and potafs which may be extraded from 100 parts of 
various plants: 

yJJlaes. 
Sallow - * 2-& 
Elm - - - 2.36727 
Oak - - - I-35I85 
Poplar • * 1.23476 
plornbeam - 1.1283 
Beech - - - 0.5843® 
Fir - - - * 0.34133 
Vine branches - - 3*379 
Common nettle - - 10.67186 
Common thiflle - - 4.04265 
Fern - - - * 5.00781 
Cow thiftle - * 10-5 
Great river rufh - 3*85395 
Feathered rufh - - 4*33593 
Stalks of turkey wheat - 8.86 
Wormwood - - 9*744 
Fumitory - ** - 21.9 
Trifolium pratenfe 
Vetches - 
Beans with their (talks - - " . . 

In general, three times as much afhes are obtained 
from fhrubs, and five times as much from herbs, as from 
trees. Equal weights of the branches of trees produce 
more afhes than the trunk, and the leaves more than 
the branches. Herbs arrived at maturity produce more 
afhes than at any other time. Green vegetables pro- 
duce more afhes than dryf. 

The fait which is obtained from plants does not coniitt 
wholly of potafs, there are other falts mixed with it ; 
thefe ufually are fulphat of potafs, muriat of potafs, 
fulphat of lime, phofphat of lime, &c. ; but thefe bear, 
in general, but a fmall proportion to the potafs. i he 
afhes confift of potafs mixed with earths. . 

Some judgment may be formed of the quantity ot 
potafs which a plant contains from the quantity ot 
afhes which it yields: but the above table is fufficient 

Potafs. 
o.285*(c) 
0.39* 
0**5343 
0.07481 
0.1254 
0.14572 

°*55# 

2*5033 
0*53734 
0.6259 
1.96603 
0.72234 
0.50811 
1.75* 
7*3* 
7.9* 
0.078* 
2.75* 
2.0* 

* Id. ibid. 

to fhew us, that were we to truft to that we would often Earths. ^ 
be mifled. ' ^ * 

2. Soda is found in almoft all the plants which grow Sod
7
a> 

in the fea, and in many of thofe which grow on the 
fhore. In general, the quantity of foda which plants 
contain bears a much greater proportion to their weight 
than the petals does which is found in inland vege- 
tables. loo parts of the falfola foda, for inftance, yield 
19.921 of afhes ; and thefe contain 1.992 parts of foda, 
fome of which, however, is combined with muriatic 
acid*. The plants from which the greater part of the ">!> 

foda, or barilha, as it is called, which is imported from xv;ij# 
Spain, is extra&ed, are the falfola fativa, and vermicu-l7. 
lata. 

Sect. XVII. Of Earths. 

The only earths hitherto found in plants are the four 
following ; Imeyfilica^ magnejia, alumina. 

1. Lime is ufually the moft abundant of the earths Lime* 
of plants, and the moft generally diffufed over the vege- 
table kingdom. Indeed, it is a very uncommon thing 
to find a plant entirely deftitute of lime : falfola foda is 
almoft the only one in which we know for certain that 
this earth does not exift*. 

2. Silica exiftsalfo in many plants, particularly grafies 
and equifetums. Mr Davy has afeertained, that it 
forms a part of the epidermis, or outerrooft bark of thefe 
plants; and that in fome of them almoft the whole epi- 
dermis is filica. 

Parts Silica. 
100 parts of the epid. of bonnet-cane yielded 90 

bamboo 7* *4 
(arundo phragm.) common reed 48.1 

ftalks of corn 6.5 
The concretions which are fometimes found in the 

bamboo cane have been afcertained by Mr Macie to be 
compofed of pure filica. # 

3. Magnefia does not exift fo generally in the vege-Magncfia* 
table kingdom as the two preceding earths. It has 
been found, however, in confiderable quantities in feve- 
ral fea plants, efpecially fucif. But the falfola foda I* ld.ih<i. 
contains a greater proportion of magnefia than any°°*a!1 1 * 
plant hitherto examined. Mr Vauquehn found that'' 
100 parts of it contained 17.929 of that earthy. t ' ■ * 

4. Alumina has only been found in very fmall quan- ^ 
tides in plants. . , f S3. * 

The following table will fhew the quantity ol theie pr0p )rtjon 
four earths which exift in feveral vegetables. 0t earth in 

100 parts of oak contain of earths i-°3 plant-. 
Beech - - 0.453+ * Watfon. 
Fir - - C.003+ 
Turkey wheat - 7*11t , r_. 
Sunflower - 5-7 2+ l.ifrTran'T 
Vine branches ~ 2*85+ iii.35. 
Box - - 2.674+ 
Willow - - 2*515+ 
Elm - - 1 *96+ 
Afpin - - 1.146+ l Home. 
Fern - - 3.221T 
Wormwood - ^ 
Fumitory - 14.000$ 

r If- T -(U v 16A The reft from Pertuity Ann. de Chhn. 19. 178. 
(c) Thofe marked * are from Kirwan* Irijh Tranf. v. 164. A 
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This table Hievvs us, that the quantity of earth, is 

greater in herbs than in trees. 
Bergman found all the four earths in every kind of 

grain which he analyfed *. 
Vaiiquelin found, that ico parts of oat grain left 

3.1591 of rdiduum. This refxduum is compofed of 
60.7 filica, 
39.3 phofphat. 

100.c f. 
When the whole of the avena fativa, however, ftalk 

and feed together, are burnt, they leave a rdiduum 
compofed of 55 filica, 

15 phofphat of lime, 
20 potafs, 

5 carbonat of lime. 

95, and a little oxide of iron 
This fliews us that the ftalk contains feveral fubftan- 

ces not to be found in the grain. 

Sect. XVIII. Of Metals. 

Several metallic fubftances have alfo been found in 
vegetables, but their quantity is exceedingly fmall ; fo 
fmall, indeed, that without very delicate experiments 
their prefence cannot even be dete&ed. 

The metals hitherto difeovered are iron, which is by 
far the moft common, manganefe, and gold. 

Scheele firft deteded manganefe in vegetables *. 
Prouft found it in the allies of the pine, calendula, 
vine, green oak, and fig-tree f. M. Sage has (hewn, 
that gold exifts in many plants. Iron exifts in moft 
plants. The alhes of fome fpecies of falfola contain a 
confiderable quantity of it. 

We have now taken a furvey of all the fubftances 
which have hitherto been obtained from vegetables ; 
by analyfing each of thefe, we come at laft to thofe 
bodies which we are at prefent obliged to conftder as 
fimple, becaufe they have not yet been decompofed, 
and of which accordingly we muft fuppofe that vege- 

tables are ultimately compofed. Thefe bodies amount 
'to 16, namely, 

1. Oxygen, 
2. Sulphur, 
3. Phofphorua 
4. Carbon, 
5. Hydrogen, 
6. Azot, 
7. Iron, 
8. Manganefe, 

9. Gold, 
10. Lime, 
11. Magnefia, 
I 2. Silica, 
13. Alumina, 
14. Potafs, 
I 5. Soda, 
16. Muriatic acid. 

But of thefe fubftances there are twelve which compofe 
but a very fmall proportion indeed of vegetables. Al- 
moft the whole of vegetable fubftances are compofed of 
four ingredients, namely, 

Carbon, Oxygen, 
Hydrogen, Azot. 

Of thefe the laft, namely azot, forms but a fmall pro- 
portion even of thofe vegetable fubftances of which it is 
a conftituent part, while into many it does not enter at 
all: So that, upon the whole, by far the greater part 
of vegetable fubftances is compofed of carbon, hydro- 
gen, and oxygen. We do not mention caloric and light, 
concerning the nature of which too little is known to 

BSTANCES. pirti, 
enable us to determine with certainty into what fub. Vegeta, 
ftances they enter. tion. 

The fubftances at prefent known to chemifts, which —"'•v'——* 
they have not been hitherto able to decompofe, amount 
(omitting caloric and light) to 40. Sixteen of thefe 
exift in plants ; the other 24 belong exclulively to the 
mineral kingdom : for it is a fadt, that no fubftance 
(we mean fimple fubftance) has been hitherto found in 
the animal kingdom which does not exift alfo in vege- 
tables. 

On the contrary, all the fimple fubftances at prefent 
known may be found in minerals. This indeed ought 
not to furprife us, if we recolledt, that the fpoils of ani- 
mals and vegetables, after they have undergone decom- 
pofition, are ultimately confounded with minerals, and 
confequently arranged under the mineral kingdom. Be- 
fides, as vegetables draw all their food from the mineral 
kingdom, it would be abfurd to fuppofe that they con- 
tain fubftances which they could not have procured 
from minerals. It muft follow, therefore, of necefiity, 
that minerals contain all the fimple fubftanqes which ex- 
ift in this globe of our’s ; and that plants owe their di- 
verfity merely to different modifications of thofe prin- 
ciples which they imbibe from the foil. But it is im- 
poflible to have any precife notions about a fubjedt fo 
intricate, without confidering with fome attention the 
ftrudture of vegetables, the food which they imbibe, 
and the changes which they produce on that food. 
Thefe enquiries (hall form the fubjedt of the next chap- 
ter ; in which we propofe to take a view of thofe phe- 
nomena of vegetation which are connedted with chemi- 
ftry, or which may be elucidated by the application of 
the principles of that fcience. 

Chap. II. Of Vegetation. 

We have now feen the different fubftances which are 
contained in plants ; but we have ftill to examine the 
manner in which thefe fubftances are produced, and to 
endeavour to trace the different proceffes which confti* 
tute vegetation. We muft warn our readers not to ex- 
pedl complete information in this chapter. The won- 
ders of the vegetable kingdom are ftill but very imper. 
fedtly explored ; many of the organs of plants are too 
minute for our fenfes; and fcarcely a lingle procefs can 
be completely traced. 

The multiplicity of operations continually going on phenome- 
in vegetables at the fame time, and the variety of diffe-na of vege- 
rent, and even oppofite fubftances, formed out of thetation vei7 
fame ingredients, and almoft in the fame place, attoniftinumeious' 
and confound us. The order, too, and the (kill with 
which every thing is conducted, are no lefs furpriling. 
No two operations clafti ; there is no difeord, no irregu- 
larity, no difturbance ; every objedt is gained, and eve- ■ 
ry thing is ready for its intended purpofe. This is too 
wonderful to efcape our obfervation, and of too much 
importance not to claim our attention. Many philofo- 
phers, accordingly, diftinguifhed equally by their in- 
duftry and fegacity, have dedicated a great part of their 
lives to the ftudy of vegetation. But hitherto their fuc- 
cefs has not been equal to their exertions. No perfon 
has been able to deleft this agent, always fo bufy, and 
performing fuch wonders, or to difeover him at hi® 
work; nor have philofopher* been much more fortu- 

nate 
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Ve^eu- nate in their attempts to afcertain the inftruments which 

tion. |je employs in his operations. A great variety, how- 
1" ' ever, of curious and interefting fafts, have been difco- 

vered. Thefe we fhall attempt in this chapter to col- 
lect and arrange, to point out their dependence on 
each other, and perhaps to deduce fuch confequences as 
obvioully reiult from their mytual dependence. 

Plants^arife 1 • Natural hiftorians have proved, by a very com- 
from feed, plete indudtion of fads, that all plants arife irom feeds. 

The pretended exceptions have difappeared, one after 
another, as our knowledge of vegetables increafed : and 
now there remains fcarcely a ftngle obje&ion entitled 
to the fmalleft regard. The late attempt of Girtan- 

* Ann.de ner * to revive the dodrine of equivocal generation, 
C/j/OT.xxxiv.deferves no attention whatever; becaufe his concluhons 
35« are abfolutely incompatible with the experiments of Mr 

Senebier upon the very fubftance on which his theory 
is founded. 

Seeds com- A SE£D confifts of three parts ; namely, the colylc- 
pofed of dons, the radicle, and the plumula, which are uiually xn- 
three parts, clofed in a cover. 

If we take a garden bean, we may perceive each of 
thefe three parts with great eafe ; for this leed is ot io 
large a lize, that all its organs are exceedingly di- 
ftind. 

When we ftrip off the external coats of the bean, 
which are two, and of different degrees of thicknefs in 
different parts, we find that it eafxly divides into two 
lobes, pretty nearly of the fame fize and figure. Each 
of thefe lobes is called a cotyledon (fig. I. a). The co- 
tyledons of the bean, then, are two in number. 

Near that part of the lobes which is contiguous to 
what is called the eye of the bean, there is a fmall round 
white body (l>), which comes out between the two 
lobes. This body is called the radicle. 

Attached to the radicle, there is another fmall round 
body (c), which lies between the cotyledons and 
wholly within them, fo that it cannot be feen till they 
are feparated from each other. This body is called the 
plumula. 

The appearance and fhape of thefe three parts dif- 
fer very much in different feeds, but there is no feed 
which wants them. The figure and fize of the feed 
depend chiefly upon the cotyledons. This is evident- 
ly the cafe with the bean, and it is fo with all other 
feeds. The number of cotyledons is different in diffe- 
rent feeds. Some feeds have only one cotyledon, as 
the feeds of wheat, oats, barley, and the whole tribe of 
graffes: fome have three ; others fix, as the feeds of the 
garden grafs ; but molt feeds, like the bean, have two 
cotyledons. 

2. When a feed is placed in a fituation favourable to 
vegetation, it very foon changes its appearance. The 
radicle is converted into a root, and finks into the earth; 
the plumula, on the other hand, rifes above the earth, 
and becomes the trunk or ftem. When thefe changes 
take place, the feed is faid to germinate : the procefs it- 
felf has been called germination. Seeds do not germi- 
nate equally and indifferently in all places and feafons. 
Germination, therefore, is a procefs which does not de- 
pend upon the feed alone ; fomething external muff alfo 
affeft it. 

3. It is a well known fa&, that feeds will not ger- 
minate unlefs moijlure ha»e accefs to them $ for feeds^if 
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they are kept perfcftly dry, never vegetate at all, and 
yet their power of vegetating is not deftroyed. There 
are indeed fome apparent objections to this ; potatoes, 
for inftance, and other bulbous bodies, germinate, tho* 
kept ever fo dry. But the reafon of this is, that thefe 
bodies (which are not feeds, though they referable them 
in fome particulars) have a fufficient quantity of water 
within themfelves to give a beginning to germination. 
We may conclude, then, that no feed will germinate 
unlefs water has acceis to it. IVa ter, then, is effential 
to germination. Too much water, however, is no lefs 
prejudicial to moll feeds than none at all. The feeds 
of water plants, indeed, germinate and vegetate extreme- 
ly well in water ; but moll other feeds, if they are kept 
in water beyond a certain time, are rotted and deftroy- 
ed altogether. 

4. It is well known alfo, that feeds will not germi- 
nate, even though fupplied with water, provided the 
temperature be below a certain degree. No feed, for 
inftance, on which the experiment has been tried, can 
be made to vegetate at or below the freezing point : 
yet this degree of cold does not injure the vegetating 
power of feeds ; for many feeds will vegetate, as well as 
ever, after having been frozen, or after having been kept 
in frozen water. We may conclude, then, that a cer-' 
tain degree of heat is neceffary for the germination of 
feeds. And every fpecies of plants feems to have a de* 
gree peculiar to itfelf, at which its feeds begin to ger- 
minate ; for we find that almoft every feed has a pecu- 
liar feafon at which it begins to germinate, and this fea- 
fon varies always according to the temperature of the 
air. Mr Adanfon found that feeds, when fown at the 
fame time in France and in Senegal, always appeared 
fooner above ground in the latter country, where the 
climate is hotter, than in France $. §Enc.Meth 

5. Seeds, although fupplied with moifture, and pla- 
ced in a proper temperature, will not germinate, pro-£f/* * 
vitled atmofpherkal air be completely excluded from ^n(j 
them. Mr Ray found that grains of lettuce did not gen gas. 
germinate in the vacuum of an air-pump, but they be- 
gan to grow as foon as air was admitted to them f. t 
Homberg made a number of experiments on the fame 
fubjeft, which were publifhed in the Memoirs of the 
French Academy for the year 1693. He found, that 
the greater number of feeds which he tried refufed to 
vegetate in the vacuum of an air-pump. Some, how- 
ever, did germinate ; but Boyle, Mulchenbroek, and 
Boerhaave, who made experiments on the fame fubjeft 
in fucceffion, proved beyond a doubt that no plant ve- 
getates in the vacuum of an air-pump ; and that in thofe 
cafes in which Romberg's feeds germinated, the vacuum 
was far from perfedf, a quantity of air {till remaining in 
the receiver. It follows, therefore, that no feed will 
germinate unlefs atmofpherical air, or fome air having 
the fame properties, have accefs to it. It is for this 
rcafon that feeds will not germinate at a certain depth 
below the furface of the earth. 

Mr Scheele found that beans would not germinate 
except oxygen gas were prefent; Mr Achard after- 
wards proved, that oxygen gas is abfolutely neceffary 
for the germination of all feeds, and that no feed will 
germinate in azotic gas, or hydrogen gas, or carbonic. 
acid gas, unlefs thefe gafes contain a mixture of oxy- 
gen gas. Thefc experimenti have been confirmed by/ 

Mr 

/ 
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Mr Gough, Mr Cruickfhank, and many other philofo- 
phers. It follows, therefore, that it is not the whole 
atmofpheric air, but merely the oxygen gas which it 
contains, that is neceflary for the germination of feeds. 

6. Seeds do not germinate equally well when they 
are expofed to the light, and when they are kept in a 
dark place ; light therefore has fome effedt on germi- 
nation. 

Mr Ingenhoufz found, that feeds always germinate 
* Expert- fader in the dark than when expofed to the light *. 
mcefuries His experiments were repeated by Mr Senebier with 
Fegetaux, n. equal fuccefs f ; and it was concluded, in confequence 

Phyfco- their experiments, that light is injurious to germina- 
chimiquey iii. tion. But the Abbe Bertholin, who diilinguidied him 
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34i. felf fo much by his labours to demonftrate the effedl of 
eledlricity on vegetation, obje&ed to the conclufions of 
thefe philofophers, and affirmed that the difference in 
the germination of feeds in the fhade and in the light 
was owing, not to the light itfelf, but to the difference of 
the moifture in the two fituations ; the moiflure eva- 
porating much fafler from the feeds in the light than 
from thofe in the fhade ; and he affirmed, that when 
precautions were taken to keep the feeds equally moift, 
thofe in the fun germinated fooner than thofe in the 

\Jcur.de fhade J. But when Mr Senebier repeated his former 
Pbyf 17S9,experiments, and employed every poffible precaution to 
Decemb. enfure the equality of moifture in both fituations, he 

conftantly found the feeds in the fhade germinate foon- 
\ Enc.Meth.zx than thofe in the light $. We may conclude, there- 

i^ f°rc> t^at light is injurious to germination ; and hence one reafon for covering feeds with the foil in which 
they are to grow. 

7. Thus we have feen that feeds will not germinate 
unlefs moiflure, heat, and oxygen gas, be prefent ; and 
that they do not germinate well if they are expofed to 
the adfion of light. Now, in what manner do thefe 
fubftances affedf the feed ? What are the changes which 
they produce ? 

We obferved before, that all feeds have one or more 
cotyledons. Thefe cotyledons contain a quantity of fa- 
rinaceous matter, laid up on purpofe to fupply the em- 
bryo plant with food as footi as it begins to require it. 
This food, however, muft: undergo fome previous pre- 
paration, before it can be applied by the plant to the 
formation or completion of its organs. Now all the phe- 
nomena of germination, which we can perceive, confift 
in the chemical changes which are produced in that 
food, and the confequent developement of the organs of 
the plant. 

When a feed is placed in favourable eircumftances, it 
ledons pre- gradually imbibes moifture, and very foon after emits 
pare food, a quantity of carbonic acid gas, even though no oxy- 

gen gas be prefent*. This feems to prove, as Mr 
Cruickfhank has fuppofed, that fome of the water im- 
bibed by the feed is decompofed, that its oxygen com- 

Jhankkines with part of the carbon of the farina, and goes off 
on Diahetes, in the form of carbonic acid gas, while the hydrogen 

remains behind, and combines with the ingredients con- 
tained in the cotyledon. The firft part of germina- 
tion, then, confifts in diminifhing the quantity of car- 
bon, and increafing the hydrogen of the farina. If no 
oxygen gas be prefent, the procefs Hops here, and no 
germination takes place. 

But if oxygen gas be prefent, it is gradually abforb- 
and retained by the feed ; and at the fame time, the 
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farina of the cotyledons aflumes a fweet tafte refembling Vegeta- 
fugar : it is therefore converted into fugar, or iome tion' 
fubftance analogous to it*. Farina, then, is chan- 
ged into fugar, by diminiffiing its carbon, and aug- 
menting the proportion of its hydrogen and oxygen. 
This is precifely the procefs of malting, or of convert- 
ing grain into malt; during which it is well known that 
there is a confiderable heat evolved ; fo much indeed, 
that in certain circumftances grain improperly kept has 
even taken fire. We may conclude from this, that du- 
ring the germination of feeds in the earth there is alfo 
an evolution of a confiderable portion of heat. This 
indeed might have been expefted, as it ufually happens 
when oxygen gas is abforbed. 

So far feems to be the work of chemiftry alone; at 
leaft we have no right to conclude that any other agent 
interferes; fince hay, when it happens to imbibe moif- 
ture, exhibits nearly the fame procefles. Carbonic acid 
gas is evolved, oxygen gas is abforbed, heat is pro- 
duced fo abundantly, that the hay often takes fire : at 
the fame time a quantity of fugar is formed. It is 
owing to a partial change of the fame kind that old 
hay generally taftes much fweeter than new hay. Now 
we have no reafon to fuppofe that any agents peculiar 
to the vegetable kingdom refide in hay; as all vegeta- 
tion, and all power of vegetating, are evidently de- 
ftroyed. _ .96 

But when the farina in the feeds of vegetables is con-Which pat, 
verted into fugar, a number of vefiels make their ap-fes huo the 
pearance in the cotyledon. The reader will have arat^c*c» 
pretty diftinft notion of their diftribution, by infpeft- 
ing fig. 2. Thefe vefiels may indeed be detected in 
many feeds before germination commences, but they 
become much more diftindt after it has made fome pro- 
grefs. Branches from them have been demonftrated by 
Grew, Malpighi, and Hedwig, palling into the radicle, 
and diftributed through every part of it. Thefe evi- 
dently carry the nourilhment prepared in the cotyle- 
dons to the radicle ; for if the cotyledons be cut off 
even after the proceffes above deferibed are completed, 
germination, as Bonnet and Senebier afeertained by ex- 97 
periment, immediately ftops. The food therefore is And con- 
conveyed Irom the cotyledons into the radicle, the ra-vertsit ,na 

dicle increafes in fize, affumes the form of a root, * 
links down into the earth, and foon becomes capable of 
extradting the nouriftiment neceffary for the future 
growth of the plant. Even at this period, after the 
radicle has become a perfedf root, the plant, as Senebier 
afeertained by experiment, ceafes to vegetate if the co- 
tyledons be cut oft. They are ftill then abfolutely ne- 
ceflary for the vegetation of the plant. 9g 

The cotyledons now affume the appearance of leaves, CotyleJons 
and appear above the ground, forming what are called ^e.ct I|ie 

the feminal leaves of the plant. After this \.\\a plumula^^t, 
gradually increafes in fize, rifes out of the earth, and 
expands itfelf into branches and leaves. The feminal 
leaves, foon after this, decay and drop off, and the plant 
carries on all the procefles of vegetation without their 
affiftance. 

Mr Eller attempted to fhew, that there is a veffel in 
feeds whicli paffes from the cotyledons to the plumula ; 
but later anatomifts have not been able to perceive any 
fuch veffel. Even Mr Hedwig, one of the moft pa- • 
tient, acute, and fuccefsful phrofophers that ever turn- 
ed their attention to the ftrudture of vegetables, could 

never 
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don. veflels of the cotyledons even through the radicle. As 
not appear, then, that there is any communica- 

tion between the cotyledons and the plumula, it muil 
follow that the nouriihment paffes into the plumula from 
the radicle : and accordingly we fee, that the plumula 
does not begin to vegetate till the radicle has made 

Which pre-f°me progrefs. Since the plant ceales to vegetate, 
pare the even after the radicle has been converted into a root, if 

the cotyledons be removed before the plumula is deve- 
loped, it follows, that the radicle is infufficient of itfelf 
to carry on the pi-ocefl’es of vegetation, and that the 
cotyledons ftill continue to perform a part. Now we 
have feen already what that part is : they prepare food 
for the nouriihment of the plant. The root, then, is 
of itfelf infuflicient for this purpofe. When the coty- 
ledons afifume the form of feminal leaves, it is evident 
that the nouriihment which was originally laid up in 
them for the fupport of the embryo plant is exhaulted, 
yet they dill continue as neceffary as ever. They mud 
therefore receive the nouriihment which is imbibed by 
the root; they mud produce home changes on it, render 
it fuitable for the purpofes of vegetation, and then fend 
it back again to be tranfmitted to the plumula. 

After the plumula has acquired a certain fize, which 
mud be at lead a line, if the cotyledons be cut off, the 
plant, as Mr Bonnet afcertained by a number of expe- 
riments, afterwards repeated with equal fuccefs by Mr 
Senebier, does not ceafe to vegetate, but it continues 
always a mere pigmy : its fize, when compared with 
that of a plant whofe cotyledons are allowed to remain, 

*^.Af,Abeing on]y™2 t0 7 *- , , , , , . 
Phyftol. Ft- When the plumula has expanded completely into 

leaves, the cotyledons may be removed without injuring 
the plant, and they very foon decay of themfelves. It 
appears, then, that this new office of the cotyledons is 
afterwards performed by that part of the plant which 
is above ground. 

Thus we have traced the phenomena of germination 
as far as they have been dete&ed. The fads are ob- 
vious ; but the manner in which they are produced is a 
profound fecret. We can neither explain how the food 
enters into the veffels, how it is conveyed to the diffe- 
rent parts of the plant, how it is depolited in every or- 
gan, nor how it is employed to increaie the fize of the 
old parts, or to form new parts. Thefe phenomena 
are analogous to nothing in mechanics or chemiftry. 
He that attempts to explain them on the principles of 
thefe fciences, merely fubftitutes new meanings ol words 
inftead of old ones, and gives us no affiltance whatever 
in conceiving the proceffes themfelves. As the lub- 
llances employed in vegetation are all material, it is evi- 
dent that they polfefs the properties of matter, and 
that they are arranged in the plant according to thefe 
laws. It follows, therefore, that all the changes which 
take place in the plant are produced according to the 
known laws of mechanics and cbemiitry. This cannot 
be difputed: but it explains nothing ; for what we 
want to know is the agetit that brings every particle of 
matter to its proper place, and enables the laws of che- 
miftry and mechanics to ad only in order to accomplilh 
a certain end. Who is the agent that ads according 
to this end ? To fay that it is chemiftry or mechanics, 
is to pervert the ufe of words. For what are the laws 
of chemiftry and mechanics ? Are they not certain fixed 
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and unalterable properties of matter ? Now, to fay that Vegera- 
a property of matter has an end in view, or that it ads U°^_i 
in order to accomplilh fome defign, is a downright ab- 
furdity. There muft therefore be fome agent in all 
cales of germination, which regulates and direds the 
mechanical and chemical proceffes, and which therefore 
is neither a mechanical nor chemical property. 

8. When the procefs of germination is accomplifhed, 
the plant is complete in all its parts, and capable of 
vegetating in a proper foil, for a time and with a vigour 
proportional to its nature. j0i 

Plants, as every body knows, are very various, and Plants coat-, 
of courfe the ftrudure of each fpecies muft have many Po!ed 
peculiarities. Trees have principally engaged the at-^^’^° 3 

tention of anatomifts, on account of their fize and 
the diftindnefs which they expeded to find in their 
parts. We lhall therefore take a tree as an inftance of 
the ftrudure of plants ; and we lhall do it the more 
readily, as the greater number of vegetables are provi- 
ded with analogous organs, dedicated to fimilar ufes. 

A tree is compofed of a root, a trunk, and branches ; 
the ftrudure of each of which is fo fimilar, that a ge- 
neral defcription of their component parts will be fuffi- 
cient. Each of them conlifts of three parts, the lark, 
the •wood, and the pith. r<y% 

The bark is the outermoft part of the tree. It co- Bark, 
vers the whole plant from the extremity of the roots to 
the extremity of the branches. It is ufually of a green 
colour : if a branch of a tree be cut acrofs, the bark is 
eafily diftinguilhed from the reft of the branch by this 
colour. If wre infped fuch a horizontal fedion with 
attention, we lhall perceive that the bark itfelf is com- 
pofed of three diftind bodies, which, with a little care, 
may be feparated from each other. The outermoft of 
thefe bodies is called the epidermis, the middlemoft is 
called the parenchyma, and the innermoft, or that next 
the wood, is called the cortical layers. 103 

The epidermis is a thin tranfparent membrane, which C°mPo(e^ 
covers all the outfide of the bark. It is pretty tough. 0^eP^er'‘ 
When infpeded with a microfcope, it appears to be 1 

compofed of a number of llender fibres crofting each 
other, and forming a kind of network. It feems even 
to confill of different thin retiform membranes, adhe- 
ring clofely together. This, at leaft, is the cafe with 
the epidermis of the birch, which Mr I) u ham el fepara- 
ted into fix layers. The epidermis, when rubbed off, 
is reproduced. In old trees it cracks and decays, and 
new epidermes are fucceffively formed. This is the 
reafon that the trunks of many old trees have a rough 
furface. 104 

The parenchyma lies immediately below the epider-Parenchy- 
mis ; it is of a deep green colour, very tender, and fuc-ma* 
culent. When viewed with a microfcope, it feems to 
be compoled of fibres which crofs each other in every 
dire&ion, like the fibres which compofe a hat. Both 
in it and the epidermis there are numberlefs interftices, 
which have been compared to fo many fmall bladders. 105 

The cortical layers form the innermoft part of the And cord- 
bark, or that which is next to the wood. They con-cal laJers' 
fill of feveral thin membranes, lying the one above the 
other; and their number appears to increafe with the 
age of the plant. Each of thefe layers is compofed of 
longitudinal fibres, which feparate and approach each 
other alternately, fo as to form a kind of network. The 
niefties of this network correfpond in each of the lay- 
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ers ; and they become fmaller and fmaller in every lay- 
er as it approaches the wood. Ihtie mefhes are filled 
with a green coloured cellular fubilance, which has 
been compared by anatomills to a number of bladders 
adhering together, and communicating with each other. 

The wood lies immediately under the bark, and 
forms by far the greatell part of the trunk and large 
branches of trees. It confilts of concentric layers, the 
number of which increafes with the age of the part. 
Each of thefe layers, as Mr Du Hamel afeertained, 
may be feparated into feveral thinner layers, and thefe 
are competed chiefly of longitudinal fiores. Hence the 
reafon that wood may be much more ealily fplit afunder 
than cut acrols. 

The wood, when we infpetl it with attention, is not, 
through its whole extent, the fame ; the part of it next 
the bark is much fofter and whiter, and more juicy 
than the reft, and has for that reafon obtained a parti- 
cular name : it has been called the alburnum or aubier. 
The perfect wood is browner, and harder, and denier, 
than the alburnum, and the layers increafe in deniity 
the nearer they are to the centre. Sir John Hill gave 
to the innermoft layer of wood the name of corona, or 
rather he gave this name to a thin zone which, accord- 
ing to him, lies between the wood and the pith. 

The pith occupies the centre of the wood. It is a 
very fpongy body, containing a prodigious number of 
cells, which anatomifts have compared to bladders. In 
young (hoots it is very fucculent ; but it becomes dry 
as the plant advances, and at laft in the large trunks of 
many trees difappears altogether. 

The leaves are attached to the branches of plants 
by fhort footftalks. From thefe footftalks a number of 
fibres iffue, which ramify and communicate with each 
other in every part of the leaf, and form a very curious 
network. Thefe fibres may be obtained feparately, by 
keeping the leaf long in moifture. Every other part of 
it putrefies and falls off, or may ealily be rubbed off, 
and only the fibres remain, conftituting a fkeleton of the 
leaf. In every leaf there are two layers of thefe fibres, 
forming two diftindt fkeletons, which had conftituted 
the upper and under furface of the leaf. 

The whole leaf is coveted with the epidermis of the 
plant ; and this epidermis, as Sauffure has (hewn, con- 
tains in it a great number of glands. The other parts 
of the bark may alfo be traced on many leaves ; at leaft 
Saulfure has (hewn, that the bark of leaves is competed 
of two different layers. The interfaces between the 
fibres of the leaf are filled up by a pulpy-like fubftance, 
to which the green colour of the tear is owing. 

Such is a fhort deteription of the moft confpicuous 
parts of plants, ik more minute account would have 
been foreign to the fubjeCt of the pretent article. 

9. Plants, after they have germinated, do not remain 
ft at ionary, but are continually increafing in fize. A 
tree, for inftance, evtry teafon, adds conliderably to its 
former bulk. The root tends forth new (hoots, and the 
old ones become larger and thicker. I he fame incle- 
ment takes place in the branches and the trunk. When 
we examine this increate more minutely, wre find that a 
new layer of wood, or rather of alburnum, has been 
added to the tree in every part, and this addition has 
been made juft under the bark. We find, tgo, that a 

■layer of alburnum has affumed the appearance of per- 
fect wood. Befides this addition of vegetable fibre, a 
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great number of leaves have been produced ; and the Vegeta, 
tree puts forth flowers, and forms feeds. 

It is evident from all this, that a great deal of new 
tion. 

matter is continually making its appearance in plants.Therefore 
Hence, fince it would be abfurd to fuppoie that they require 
create new matter, it mull follow that they receive ftteod* 
by fome channel or other. Plants, then, require food 
as well as animals. Now, what is this food, and whence 
do they derive it ? Thete queftions can only be an- 
fwered by an attentive furvey of the fubllances which 
are contained in vegetables, and an examination of thote 
fubftances which are neceflary for their vegetation. If 
we could fucceed completely, it would throw a great 
deal of light upon the nature of foils and of manures, 
and on fome of the moft important queftions on agricul- 
ture. But we are far indeed at pretent from being able 
to examine the fubjedt to the bottom. n* 

10. In the firft place, it is certain that plants will W®ter nc*x 

not vegetate without water; for whenever they are de- 
prived of it, they wither and die. Hence the well- 
known ute of rains and dews, and the artificial watering 
of ground. We may conclude, then, that water is at 
leaft an eflential part of the food of plants. 

But many plants grow in pure water ; and therefore 
it may be queftioned whether water is not the only 
food of plants. This opinion was adopted very long 
ago, and numerous experiments have been made in or- 
der to demonftrate it. Indeed, it was the general opi- 
nion of the 17th century; and fome of the moft fuc- 
cefsful improvers of the phyfiology of plants, in the 
18th century, have embraced it. The moft zealous ad- 
vocates for it were, Van Helmont, Boyle, Bonnet, Du- 
hamel, and Tillet. I13 

Van Helmont planted a willow which weighed five^PP™*^ 
pounds, in an earthen veftel filled with foil previoufly 0f 
dried in an oven, and moiftened with rain water. This plants; 
vefiel he funk into the earth, and he watered his willow 
fometimes with rain, and fometimes with diftiiled wa- 
ter. After five years it weighed 169^ lbs. and the 
earth in which it was planted, when again dried, was 
found to have loft only two ounces of its original 
weight. Here, it has been faid, was an increaie of 
1641b. and yet the only food of the willow was pure 
water; therefore it follows that pure water is fufficient 
to afford nourifhment to plants. The infufficiency of 
this experiment to decide the queftion was firit pointed 
out by Bergman in 1773*. He (hewed, from the ex- * +> 
periments of Margraff, that the rain water employed by9 

Van Helmont contained in it as much earth as could 
exift in the willow at the end of five years. For, ac- 
cording to the experiments of Margraff, 1 lb. of rain 
water contains 1 gr. of earth f. The growth of the t ”• 
willow, therefore, by no means proves that the earth ,5-an 

which plants contain has been formed out of water. 
Befides, as Mr Kirwan has remarked J, the earthen 
veffcl muft have often abforbed moifture, from the lur" '* 
rounding earth, impregnated with whatever fubftance 
that earth contained ; for unglazed earthen vellels, as 
Hales* and Tillet + have (hewn, readily traufmit moif-* Jtesy*- ^ ‘ Stat. 1.5. 

Hence it is evident that no conclufion whatever can^,a/>> i77t» 
be drawn from this experiment; for all the iubftances298. 
which the willow contained, except water, may have been * *4 
derived from the rain water, the earth in the pot, and^^jj* 
the moifture imbibed from the furrounding foil. 

The 
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The experiments of Duhamel and Tillet are equally 

inconclufive ; fo that it is impoffible from them to de- 
cide the queftion, Whether water be the foie nourifh- 
ment of plants or not ?' We owe the folutiqn of this 
difficulty to the experiments of Mr Haffeufratz, who 
pointed out the fallacy of thole jult mentioned. 

He analyfed the bulbous roots of hyacinths, in 
order to difcover the quantity of water, carbon, and 
hydrogen, which they contained; and by repeating 
the analyiis on a number of bulbs, he difcovered 
how much of thefe ingredients was contained . in a 
given weight of the bulb. He analyfed alio kidney 
beans and crefs feeds in the fame manner. Then he 
made a number of each of thefe vegetate in pute water, 
taking the precaution to weigh tuem beioiehand, in 
order to afcertain the precife quantity of carbon which 
they contained. The plants being then placed, lome 
within doors, and others in the open an, giew and 
flowered, but produced no feed. He afterwards dried 
them, collecting with care all their leaves and every 
other part which had dropt off during the comic 01 the 
vegetation. On fubmitting each plant to a chemical an- 
alyiis, he found that the quantity of carbon, which it 
contained, was fomewhat lefs than the quantity which 
exilted in the bulb or the feed from which the plant * 
hadfprung*. 

Hence it follows irrefiftibly, that plants growing in 
pure water do not receive any increale of carbon ; that 
the water merely ferves as a vehicle for the carbonaceous 
matter already prefent, and diffufes it thro’ the plant. 
Water, then, is not the foie food of plants ; for all plants 
during vegetation receive an increafe of carbonaceous 
matter, without which they cannot produce peried 
feeds, nor even continue to vegetate beyond a certain 
time ; and that time feems to be limited by the quanti- 
ty of carbonaceous matter contained m the bulb 01 the 
feed from which they grow. For Duhamel found, that 
an oak which he had raifed by water tioni an acorn, 
made lefs and lefs progrefs every year. We fee, too, 
that thoie bulbous ryots, fuch as hyacinths, tulips, &c. 
which are made to grow in water, unlefs they be planted 
in the earth every other year, refufe at laft to flower, 
and even to vegetate ; efpecially if they produce new- 
bulbous roots annually, and the old ones decay. 

So far, indeed, is water from being the foie food of 
[yproper!1* Plants, that in general only a certain proportion of it is 

1 V 1 ferviceable, too much being equally prejudicial to them 
as too little. Some plants, it is true, grow conftantly 
in water, and will not vegetate in any other fituation ; 
but the reft are entirely dtftroyed when kept immerled 
in that fluid beyond a certain time. Molt plants re- 
quire a certain degree of moifture, in order to vegetate 
well. This is one reafon why different foils are requi- 
red for different plants. Rice, for inftance, requiies a 
very wet foil: were we to fow it in the ground on 
which wheat grows luxurioufly, it would not lucceed ; 
and wheat, on the contrary, would rot in the rice 
ground. 

We ffiould, therefore, in choofing a foil proper tor 

”5. 
A certain 
portion on- 

BSTANCES. 
the plants which we mean to raife, confider the quan- 
tity of moifture which is bell adapted tor them, and 
choofe our foil accordingly* Now, the drynefs or moil- 
ture of a foil depends upon two things ; the nature and 
proportions of the earths which compofe it, and thg 
quantity of rain which falls uponjt. Every foil con- 
tains at leaft three earths, filica, lime, and alumina, and 
fometimes alfo magnefia. The filica is always in the 
ilate of fand. Now foils retain moifture longer or 
Ihorter according to the* proportions of thefe earths. 
Thofe which contain the greateft quantity of fand re- 
tain it the fhorteft, and thofe which contain the great- 
eft quantity of alumina retain it longeft. The hill is 
a dry, the fecond a wet foil. Lime and magnefia 
are intermediate between thefe two extremes: they 
render a fandy foil more retentive of moifture, and 
diminifh the wetnefs of a clayey foil. It is evident, 
therefore, that, by mixing together proper proportions 
of thefe four earths, we may form a ioil ot any degree 
of drynefs and moifture that we pleafe. 

But whatever be the nature of the foil, its moifture 
mull depend in general upon the quantity of rain which 
falls. If no rain at all fell, a foil, however retentive of 
moifture it be, mull remain dry ; and if rain were very 

* frequently falling, the loil mull be open indeed, it it be 
not conftantly wet. The proportion ot the different 
earths in a foil, therefore, mull depend upon the quan- 
tity of rain which falls. In a rainy country, the foil 
ought to be open ; in a dry country, it ought to be 
retentive of moitlure. In the firft, there ought to be 
a greater proportion of fand ; in the fecond, of clay. nfi 

l i. Almotl all plants grow in the earth, and every Earth ne- 
foil contains at leail filica, lime, alumina, and oftenCc ^ * 
magnefia. We have feen already, that one uie oi theie 
earths is to adminitler the proper quantity of water to 
the vegetables which grow in the foil. But as all plants 
contain earths as a part of their ingredients, is it not 
probable that earths alfo ferve as a food for plants ? It 
has not yet indeed been ihewn, that/thofe plants which 
vegetate in pure water do not contain the ufual quan- 
tity of earth ; but as earths ate abfolutely neceffary for 
the pertedl vegetation of plants, as they are contained 
in all plants, and are even found in their juices, we can 
fearedy doubt that they are adlually imbibed, though 
only in fmall quantities (d). rT7 

j2. We have feen in the laft chapter, that , all plants And falts 
contain various fahne iubftances; and if we analvie the 
moll fertile foils, and the richell manures, we never find 
them deilitute of thefe fubftances. Hence it is pro- 
bable that different falts enter as ingredients into the 
food of plants. It is probable alfo, that every plant 
abforbs particular kinds of falts. Thus fea plants yield 
foda by analyiis, while inland plants furniffi potafs. 
The potafs contained in plants has indeed been fuppo- 
fed to be the produce of vegetation ; but this has not \ 
been proved in a fatisfa&ory manner. We find potafs 
in the very juices of plants, even more abundantly than 
in the vegetable fibres themfelves. But this fubjedl is 
Hill buried in oblcurity j and indeed it is extremely dif- 
   4 A 2 ficult 

/„•, Mr Tennant has afcertained, that magnefia, when uncombined with carbonic acid gas, is injurious to corn 
when employed as a manure; and that lime, which contains a mixture of magnefia, hkewtfe injures corn.- 
See />«/ rLV- • 799. P- 2. This important fad demonftrates, that earths are not mere vehicles for conveying 
water to plants. 
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ficult to make decifive experiments, on account of the 
very fmall quantity of potafs which moil plants con- 
tain. 

The phofphorus, too, and the iron, and other me- 
tals which are found in plants, are no doubt abforbed 
by them as a part of their food. We may fuppofe al- 
fo, that the fulphuric and muriatic acids, and perhaps 
even the nitric acid, when found in plants, are imbibed 
by them along with the reft of their aliment. 

Nothing is at prefent known concerning thofe faline 
fubftances which form an effential part of the food of 
plants ; though it has been long remarked that certain 
falls are ufeful as manures. 

i 3. Water, then, and earths, and perhaps alfo falts, 
form a part of the food of plants. But plants contain 
carbon, which cannot be derived from any of thefe fflb- 
ftances ; confequently fome fubllance or other befides, 
which contains carbon, mull conflitute a part of the 
food of plants. 

Mr G iobert mixed together the four earths, filica, 
alumina, lime, magnefia, in the proper proportions, to 
conftitute a fertile foil; and after moiftening them with 
water, planted feveral vegetables in them ; but none of 
his plants grew well, till he moiflened his artificial foil 
with water from a dunghill*. Now it is certain, from 

Part I., 
exhaufled *. Here it is evident that the putrefied dung Vegeta- 
a&ed fooneft, and was fooneft exhaufted. It follows tion- 
from this, that carbon only a£ls as a manure when in a * (/o 
particular flate of combination ; and this Hate, what- Chim. xiv. 

JWeth. Pbyf.iht experiments of Haflenfratz, that this water con- 
Peget. p. tains carbon ; for when evaporated, it conftantly left 

d it a refiduum of charcoal f. We know likew'ife, 
Cbim'.xvt. from a great variety of experiments, that all fertile foils 
56. contain a confiderable quantity of carbonaceous matter; 

for all of them, when expofed to heat, are fufceptible 
of partial combuftion, during which a quantity of car- 
bonic acid gas efcapes. Thus Fourcroy and Hafien- 
fratz found, that 9216 parts of fertile foil contained 
30parts of carbon, befides 279 parts of oil; which, 
from the analyfis of Lavoiiier, we may fuppofe to con- 
tain about 22c parts of carbon. It follows, therefore, 

} Encyc. from the experiments of thefe chemiltst, that 9216 
Meth. Phyf. parts of foil contain 525 parts of carbon. But thefe 
P'cget.p. ^2 16 parts of foil contained 806 parts of roots of ve- 

getables which were excluded from the analyfis ; con- 
fequently a fertile foil contains (exclufive of the roots 
of vegetables (about one-fixteenth of its weight of car- 
bon. 

But the carbon mufl exift in the foil in a particular 
ftate of combination, otherwife it does not anfwer as 
food for plants : For inltance, powdered pitcoal, mixed 
with earths, is not found to ad, at lealt immediately, 
as a manure; yet pitcoal contains a very great quantity 
of carbon. Farther, it appears, from the experiments 
of Mr Haffenfratz, that fubftances employed as ma- 
nures produce effeds in times proportioned to their de- 
gree of putrefadion ; thofe fubftances which are moft 
putrid producing the moft fpeedy effeds, and of courfe 
fooneft lofing their efficacy. Having manured two 
pieces of the fame kind of foil, the one with a mixture 
of dung and ftraw highly putrefied, the other with the 
fame mixture newly made, and the ftraw almoft frdh, 
he obferved that, during the firft year, the plants which 
grew on the land manured with the putrefied dung pro- 
duced a much better crop than the other; but the fe- 
cond year (no new dung being added), the ground 
which had been manured with the unputrefied dung 
produced the beft crop ; the fame thing took place 
the third year; after which, both feemed to be equally 
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ever it may be, is evidently produced by putrefaAion.57. 
Another experiment of the fame chemift renders this 
truth ftill more evident. He allowed fhavings of wood 
to remain for about ten months in a moift place till 
they began to putrefy, and then fpread them over a 
piece of ground by way of manure. The firft two 
years this piece of ground produced nothing more than 
others which had not been manured at all ; the third 
year is was better, the fourth year ftill better, the 
fifth year it reached its maximum of fertility ; after 
which it declined conftantly till the ninth, when it was 
quite exhaufted f. Here the effedt of the manure evi-f Ibid.p, 
dently depended upon its progrefs in putrefadlion. 58. 

Now what is the particular ftate into which carbon 
mull be reduced before it be fit for the food of plants ?^ein wa* 
This fubjedt has never been examined with attention ;ter. 
the different combinations of carbon having been in a 
great meafure overlooked. And yet it is evident, that 
it is only by an accurate examination of thefe combi- 
nations, and a thorough analyfis of manures, in order 
to difcover what particular combinations of carbon exift 
in them, and in what the moft efficacious manures dif- 
fer from the reft, that we can expeft to throw complete 
light upon the nature and ufe of manures, one of the 
moft important fubjedfs to which the farmer can diredt 
his attention. We know, from the experiments of Mr 
Haffenfratz, that all thofe manures which adt with effi- 
cacy and celerity contain carbon in fuch a ftate of com- 
bination, that it is foluble in water, and that the effi- 
cacy of the manure is proportional to the quantity of 
carbon fo foluble. He found that all efficacious ma- 
nures gave a brown colour to water, and that the water 
fo coloured, when evaporated, left a refiduum, which 
confifted in a great meafure of carbon *. He obferved, * ^ 
too, that the foil which gives the deepeft colour to wa-^ ’ ^ 
ter, or which contains the greateft quantity of carbon 
foluble in water, is, other things being the fame, the 
moft fertile. 

This is not, however, to be underftood without limi- 
tation ; lor it is well known that if we employ excef- 
five quantities of manure, we injure vegetation inftead 
of promoting it. This is the reafon that plants will 
not, as Mr Duhamel found by experiment, vegetate in 
faturated folutions of dung j-. ^ 

One of the combinations of carbon which is foluble ’ 
in water, and with which we are beft acquainted, is car- iai 
bonic acid gas. It has been fuppofed by many philo-T*us fiate 

fophers, particularly by Mr Senebier, that this gas, dif- ^ °" 
folved in water, fupplies plants with a great part ofgas; 
their carbon. But Mr Haffenfratz, on making the ex- 
periment, found that the plants which he raifed in wa- 
ter, impregnated with carbonic acid gas, differed in no 
refpedt from thofe which grew in pure water, and did 
not contain a particle of carbon which had not exifted 
in the feeds from which they fprung This experi-f Ann. ds 
ment proves, that carbonic acid gas, diffolved in water, Chim. xiii. 
does not ferve as food for plants. It appears, however, 320, 

from the experiments of Ruckert, that when plants 
growing in foil are watered daily with water impregna- T42 
ted with carbonic acid gas, they vegetate fafter than Though 
when this watering is omitted. He planted two beans that gas 

• is ufeiuL 
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in pots of equal dimenfions, filled with garden mould. 
One of thefe was watered almoft daily with ditlilled wa- 
ter, the other with water, every ounce of which was 
impregnated with half a cubic inch of carbonic acid 
gas. Both were placed in the open air, but in a htua- 
tion where they were fecure from rain. The bean treat- 
ed with the water impregnated with carbonic acid gas 
appeared above ground nine days before the other, an 
produced 2 5 beans ; whereas the other produced only 
1 c '['he fame experiment was tried on other plants 
with equal fuccefs f. This (hews us that carbonic acid 
gas is fomehow or other ufeful to plants when they ve- 
getate in mould ; but it gives us no information about 
its mode of afting. Some foils, we know, are capable 
of decompofing it ; for fome foils contain the green 
oxide of iron : and Gadolin has proved, that fuch foils 
have the property of decompofing carbonic acid gas . 

53. Indeed almoft all foils contain iron, either in the ftate 
of the brown or the green oxide ; and Beaume has 
(hewn, that oils convert the brown oxide of iron into 

f Kir-wan, the green f- Now dung contains a quantity of oily 
Jrijh Tran/, fubftance; and this is the cafe alfo with rich foils. One 

ufe of manures, therefore, may be, to reduce the brown 
oxide of iron to the green, that it may be capable of 
decompofing carbonic acid gas; and the carbon, thus 
precipitated, doubtlefs enters into fome new combina- 
tion, in which ftate it ferves as food for plants. 

Mr Humbolt has lately proved, that foils have the 
property of abforbing oxygen. It can fcarcely be 
doubted that this abforption has an influence on vege- 
tation, efpecially as watering plants with weak lolutions 
of oxv-muriatic acid accelerates vegetation . But we 
know too little of the fubjeft at prefent to be able to 
fpecify precifely what that influence is. ^ 

14. Since the only part of plants which is contigu- 
ous to the foil is the root, and fince the plant peri hes 
when the root is pulled out of the ground, it is evident 
that the food of plants muft be imbibed by the roots. 

When we examine the roots, we do not find them to 
contain any large opening. The paflages by which the 
food enters are too fmall for the naked eye. I h.s fliews 
us that the food can enter plants only m a fluid ftate ; 
and that confequently every thing which can be render- 
ed ufeful as food for plants muft be previoufly in a ftate 
of folution. , , , . . 

It feems moft probable, that the whole, or t ie gr. - 
eft part of the food, enters at the extremities ot the 
roots; for Duhamel obferved, that the portion of the 
foil which is fooneft exhaufted, is precifely that part in 
which the greateft number of the extremities ol roots 
liest This (hews us the reafon why the roots of 
plants are continually increafing in length. By this 
means they are enabled, in fome meafure, to go in 
queft of nouriftiment. The extremities of the roots 
feem to have a peculiar ftrudure adapted for the im- 
bibing of moifture. If we cut off the extremity of 
a root, it never increafes any more in length. there- 
fore its ufe as a root has been in a great meafure de- 
ftroved But it fends out fibres from its fides which 
aft the part of roots, and imbibe food by their extreim- 
tv. Nay, in fome cafes, when the extremity of a root 
Jcut off, the whole decays, and a new one is tormed 

+ March. in its lace< This, as Dr Bell informs us, is the cafe 
n‘ with the hyacinth f. 
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Since the food of plants muft be in a fluid ftate, and Vegeta- 

fince no plant will live if it be deprived of moifture, we , tl°‘1V , 
may conclude that all its food is previoufly diffolved in 
water. As for the carbon, we know, that in all active Diffolved 
manures it is in fuch a ftate of combination, that it is in water, 
foluble in water. We know, too, that all the falts 
which we can fuppofe to make a part of the food of 
plants, are more or lefs foluble in water. Lime alfo is 
foluble in water, whether it be pure or in the ftate of a 
fait ; magnelia and alumina may be rendered fo by 
means of carbonic acid gas ; and Bergman, Macie, and 
Klaproth, have fliewn that even lilica may be diffolved 
in water. We can fee, therefore, in general, though 
we have no precife notions of the very combinations 
which are immediately imbibed by plants, that all the 
fubftances which form effential parts of that food may 
be diffolved in winter. 
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i r. Since the food of plants is imbibed by their roots Therefore 

in a fluid ftate, it muft exift in plants in a fluid ftate ; fluid, 
and unlefs it undergoes alterations in its compofition 
juft when imbibed, we may expe& to find it in the 
plant unaltered. If there were any method of obtain- 
ing this fluid food from plants before it has been altered 
by them, we might analyfe it, and obtain by that means 
a much more accurate knowledge oi the food of plants 
than we can by any other method. This plan, indeed 
muft fail, provided the food undergoes alteration juft 
when it is abforbed by the roots : but if we confider, 
that when one fpecies of tree is grafted upon another, 
each bears its own peculiar fruit, and produces its own 
peculiar fubftances, we can fcarcely avoid thinking that 
the great changes, at leaft which the food undergoes af- 
ter abforption, are produced, not in the roots, but in 
other parts of the plant. r 

If this eonclufion be juft, the food of plants, after 
being imbibed by the roots, muft go direaiy to thole 
organs wdiere it is to receive new modifications, and to 
be rendered fit for being affimilated to tire different parts 
of the plant. There ought therefore to be certain juices 
continually afcending from the roots of plants ; and 
thefe juices, if we could get them pure and unmixed 
with the other juices or fluids which the. plant muft. 
contain, and which have been fecreted and formed from 
thefe primary juices, would be, very nearly at leaft, the 
food as it was imbibed by the plant. Now during the 
vegetation of plants, there adually is z juice continually 
afcending from their roots. This juice has been called 
the fap, the fuccus communis, the lymph of plants. V\ e 
(hall adopt the firft of thefe names, becaule it has been 
moft generally received. 

The firft ftep towards an accurate knowledge or t.ic 
food and of the changes which take place during vege- 
tation, is an analyfis of the fap. The fap is molt abun- 
dant during the fpring. At that fealon, if a cut be 
made through the bark and part of the wood of iome 
trees, the lap flows out very profufely. 1 he trees 
are then faid to Heed. By this contrivance any quan- 
tity of fap we think proper may be colle&ed. It is 
not probable, indeed, that by this method we obtain 
the afcending fap in all its purity : it is no doubt 
mixed with the peculiar juices of the plant ; but .he 
lefs progrefs vegetation has made, the purer we may 
expeft to find it; both becaufe the peculiar juices muft 
be m much fmaller quantity, and becaufe its quantity 
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. 1^>n‘ exatxiine the fap as early in the feafon as poflible, and 
ia^ at all events before the leaves have expanded. 

Analyfed. For the moll complete fet of experiments hitherto 
made upon the fap, vve are indebted to Mr Vauquelin. 
An account of his experiments has been publilhed in 
the 3ill volume of the Annales de Chimie. He has ne- 
gle&ed to inform us of the Hate of the tree when the 
fap which he analyfed was taken from it ; fo that we 
are left in a Hate of uncertainty with refpeft to the pu- 
rity ol the fap : but from the comparifon which he has 
put it in our power to draw between the Hate of the 
lap at different fucceflive periods, we may in fome mea- 
fure obviate this uncertainty. 

He round that 1039 parts of the fap of the ulmus 
campellris, or common elm, were compofed of 

1027.567 wrater and volatile matter, 
9.753 acetite of potafs, 
1.062 vegetable matter, 
0.818 carbonat of lime, 

Befides fome flight traces of fulphuric and muriatic 
acids. 

On analyfing the fame fap fomewrhat later in the fea- 
fon, Mr Vauquelin found the quantity of vegetable 
matter a little increafed, and that of the carbonat of lime 
and acetite of potafs diminilhed. Still later in the fea- 
fon the vegetable matter was farther increafed, and the 
other two ingredients farther diminlhed. The acetite 
of potafs, in 1039 Pdrts °f this third fap, amounted to 

* Ann. cie 8.6 1 5 parts*. 
C/jim. xxt'i. If thefe experiments warrant any confequence to be 

drawn from them, they would induce us.to fuppofe that 
the carbonat of lime and acetite of potafs w^ere contained 
in the pure afeen ling fap, and that part at leaft of the ve- 
getable matter was derived from the peculiar juices alter- 
ed by the fecreting organs of the plant ; for the two falls 
diminilhed in quantity, and the vegetable matter in- 
creafed as the vegetation of the tree advanced. Now 
this is precifely wdiat ought to have taken place, on the 
fuppoiition that the fap became more and more mixed 
with the peculiar juices of the tree, as we are fuppofing 
it to do. If thefe conclufions have any folidity, it fol- 
lows from them, that carbonat of lime and acetite of 
potafs are abforbed by plants as a part of their food. 
Now thefe falls, before they are abforbed, mull be dif- 
folved in water. But the carbonat of lime may be 
diffolved in w'ater by the help of carbonic acid. This 
fhews us how water faturated with carbonic acid may 
be ufeful to plants vegetating in a proper foil, while it is 
ufelefs to thofe that vegetate in pure water. In the pure 
water there is no carbonat of lime to be diffolved ; and 
therefore carbonic acid gas cannot enter into a combina- 
tion which renders it proper for becoming the food of 
plants. Part of the vegetable matter was precipitated 
from the fap by alcohol. This part feems to have been 
gummy. Nowgumswe know are produced by vegetation. 

The fap of the fagus fylvatica, or beech, contained 
the following ingredients. 

Water, 
Acetite of lime with excels of acid, 
Acetite of potafs, 
Gallic acid, 
Tan, 
A mucous and extradlive matter, 
Acetite of alumina. 

BSTANCES part. 1, 
Although Mr Vauquelin made two different analyfes Vtgeta- 

of this fap at different feafons, it is impoffible to draw rion- 
any fatisfadtory conclufions from them, as he has not “ ^ 
given us the proportions of the ingredients. It feems 
clear that the gallic acid and tan were combined toge- 
ther ; for the lap tailed like the infufion of oak bark. 
The quantity of each of thefe ingredients increafed as 
vegetation advanced ; for the colour of the fecond fap 
colledled later was much deeper than that of the tirit. 
This Ihews us that thefe ingredients were produced by 
vegetation, and that they did not form a part of the 
afeending fap. Probably they were derived from the 
bark of the tree. The prefence of alumina, and the 
abfence of carbonic acid gas, would feem to indicate 
that all plants do not imbibe the very fame food. 

The fap of the capinus fylvellris contains water, 
acetite of potafs, acetite of lime, fugar, mucilage, vege- 
table extradl. It cannot be doubted that the fugar and 
the mucilage are the produce of vegetation. 

I he fap of the betula alba, or common birch, con- 
tains water, fugar, vegetable extraft, acetite of lime, 
acetite of alumina, and acetite of potafs. 

Thefe experiments are curious, and certainly add to 
the precifion of our notions concerning the food of 
plants ; but they are not decifive enough to entitle us 
to draw conclufions. They would feem to fhevv, either 
that acetite of potafs and lime are a part of the food of 
plants, or at leafl fome fubftances which have the pro- 
perty of affuming thefe combinations. 

16. Thefe experiments lead to the conclufion that whether 
acetous acid forms a component part of the fap. Nowthe foodis 
it is not eafy to fuppofe that this fubflance is adlually altered by 
abforbed by the roots in the Hate of acetous acid. The the roots, 
thing might be determined by examining the mould in 
which plants grow. This examination indeed has been 
performed ; but no chemifl has ever found acetous acid, 
at lead 111 any lenlible quantity'. Is it not probable, 
then, that the food, after it is imbibed, is fomewhat 
modified and altered by the roots ? In what manner 
this is done we cannot fay, as we know very little 
about the vafcular flrudture of the roots. We may 
conclude, however, that this modification is nearly the 
fame in moll plants : for one plant may be engrafted 
on another, and each continue to produce its own pe- 
culiar products ; which could not be, unlels the proper 
fubflances were conveyed to the digellive organs of all. 
There are feveral circumflances, however, which render 
the modifying power of the roots fomewhat probable. 
1 he flrongefl of thefe is the nature of the ingredients 
found in the fap. It is even pofiibie that the roots 
may, by fome means or other, throw out again fome 
part of the food which they have imbibed as excremen- 
titious. This has been fufpe&ed by feveral phyfiolo- 
gifls ; and there are feveral circumftances which render 
it probable. It it well known that fome plants will 
not vegetate well after others ; and that fome again ve- 
getate unufually well when planted in ground where 
certain plants had been growing. Thefe fails, with- 
out doubt, may be accounted for on other principles. 
If there be any excrementitious matter emitted by the 
roots, it is much more probable that this happens in 
the laft flage of vegetation. That is to fay, when the 
food, after digeflion, is applied to the purpofes which 
the root requires. But the fail ought to be fupported 
by experiments, otherwife it cannot be admitted. 

17* The 
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Vegeta. 17. The fap, as Dr Hales has {hewn us, alcends with 

tion. a very confiderable force. It iffued during the bleed- 
^r77v~7~~ ing feafon with fuch impetuoiity from the cut end ot a 
j iof’ L^#'vihe branch, that it fupported a column of mercury 

inches high *. 
Sap afcends Now what is the particular channel through which P 1 the lap afcends, and what is the caufe of the force with 

which it moves ? Thefe are quellions which have ex- 
cited a great deal of the attention of thole philofophers 
who have made the phyfiology of vegetables their par. 
ticular itudy ; but the examination ot them is attended 
with fo many difficulties that they are very far from be- 
ing decided. 

It is certain that the fap flows from the roots to- 
wards the fummit of the tree. For if in the bleeding 
feafon a number of openings be made in the tree, the 
fap begins firft to flow from the lovveit opening, then 
from the lowed but one, and fo on fucceffively, till at 
lad it makes its appearance at the highedof all. And 
when Duhamcl and Bonnet made plants vegetate in 
coloured liquors, the colouring matter, which was de- 
pofited in the wood, appeared fird in the lowed part ol 
the tree, and gradually afcended higher and higher, till 
at lad it reached the top of the tree, and tinged the 

_„0 very leaves. 
•Through It feems certain, too, that the fap amends t.nougi 
the wood, the wood, and not through the bark of the tree . lor a 

plant continues to grow even when dnpt of a great 
part of its bark ; which could not happen il the fap 
afcended through the bark. When an incifion, deep 
enough to penetrate the bark, and even part of the 
wood, is carried quite round a branch, provided the 
wound be covered up from the external air, the branch 
continues to vegetate as if nothing had happened ; 
which could not be the cafe if the fap afcended between 
the bark and the wood. It is well known, too, that 
in the bleeding feafon little or no lap can be goot from a 
tree unlefs our incifion penetrate deepei than the baik. 

Not by die If the fap afcended thro’ the parenchyma of plants, 
parenchy- as fome phyfiologifts have fuppofed, lince there is a 

communication between every part of that organ, it is 
evident that the tree ought to bleed whenever any part 
of the parenchyma is wounded. But this is not the 
cafe. Confequently the fap does not afcend through 
the parenchyma. Befides, if the fuppofition were true, 
the fap, from the very itru&ure of the parenchyma, 
mull afcend in the fame manner as water through a 
fponge .; and in that cafe could not poffibly polfeis the 
force with which we know that it alcencis.. But n the 
fap is not found in the parenchyma, as is now wdl 
known to be the cafe, it mull, of neceffity, be confined 
in particular veffds ; for if it were not, it wotud un- 
doubtedly make its appearance there. Now what are 
the veffels through which the fap alcends ? 

Grew and Malpighi, the firfl. philofophers who exa- 
mined the llrufture of plants, took it for granted that 
the woody fibres were tubes, and that the lap atcended 
through them. For this reafon they gave thefe fibres 
the name of lymphatic veffils. But they were unable, 
even when affifted by the bell microfcopes, to detect 
any thing in thefe fibres which had the appearance of 
a tube ; and fucceeding obfervers have been equally un- 
fuccefsful. The conjefture therefore of Malpighi and 
Grew, about the nature and ufe of thefe fibres, remains 
totally unfupported by any proof. Duhamel has even 

UBSTANCES. S59 
gone far to overturn it altogether. For he found that Vegeta- 
thefe woody fibres are divilible into fmaller fibres, and tl('t" L 
theie again into llill Imaller; and even, by the alhltance 
of the bell microlcopes, he could find no end of this 
fubdivifion * Now gi anting theie fibres to be veffels, * Pfoftjtit 
it is fcarcely poffible, alter this, to fuppofe that the fap^" Aibus* 
really moves through tubes, whole diameters are almoil1’ ^ 
infinitely fmall. There are, however, veffels in plants 
which may ealily be diltinguKhed by the help of a fmall 
microfcope, and even, in many calcs, by the naked eye. 
Thefe were feeti, and diilindlly delcribed, by Grew and 
Malpighi. They cpnliil of a fibre twilled round like 
a corkfcrew. If we take a imall cylinder of wood, 
and wrap round it a flender brais wire, fo clofely that 
all the rings of the wire touch each other, and if, after 
this, we pull out the wooden cylinder altogether, the 
brafs wire thus twilled will give us a very good repre- 
fentation of theie veffels. It we take hold ol the two 
ends of the brais wire thus twilled, and pull them, we 
can eaiily draw out the wire to a confiderable length. 
In the fame manner, when we lay hold of the two ex- 
tremities of thefe veffels, we can draw them out to a 
great length. Malpighi and Grew finding them always 
empty, concluded that they were intended lor the circu- 
lation of the air through the plant, and therefore gave 
them the name of trachea ; which word is ufed to denote 
the windpipe of animals. I hefe trachea are not found 
in the bark; but Hedwig has (hewn that they are much 
more numerous in the wood than was luppofed ; and 
that they are of very different diameters ; and Reichel 
has demonllrated that they go to the minuteft branches, 
and fpread through every leaf. He has Ihewn, too, 
that they contain fap ; and Hedwig has proved that 
the notion which generally prevailed of their contain- 
ing nothing but air, arofe from this circumltance, that 
the larger tracheae, which alone were attended to, lole 
their fap as foon as they are cut; and, of courfe, unlefs 
they are infpedled the inllant they are divided, they ap- 
pear empty 'j'. Is it not probable, then, or rathei is it f Funda 
not certain, from the difeoveries of that very ingenious 
phyliologift, that the tracheae arc, in reality, the lap ^ frond0s, 
veffels of plants? Indeed it feems eilablilhed by theparti.p. 
experiments both of Reichel and Hedwig, that all, or 54. 
aim oil all the veffels of plants may, if we attend only to 
their ftrudture, be denominated trachea. . i33 

But by what powers is the fap made to afcend in Why it 
thefe veffels? And not only to afcend, but to move afcend*. 
with very confiderable force; a force, as Haws lias 
ffiewn, iufficient to overcome the preifure of 43 feet per- 
pendicular of waterij; ? - ^ * 

13a 
tut in vef- 
IbU. 

inaicuiar 01 wctiwii. • . _ . o. . : 
Grew aferibed this phenomenon to the levity of the ^ ^ 7" 

fap; which, according to him, entered the plant in t e Hyp0thefe9 
ffate of a very light vapour. But this opinion will not nf Grew, 
bear the flighted examination. Malpighi fuppofed Ma^ighi, 
that the fap was made to afcend by the contraa.on and^dde 
dilation of the air contained in the air veffels. But 
even were we to grant that the trachese are air vends, 
the fap, according to this hypothefis, could only aicend . 
when a change of temperature takes place ; which is 
contrary to fad. And even if we were to wave every 
obie&ion of that kind, the hypothelis would not ac- 
count for the circulation of the fap, unlefs the fap vei- 
fels be provided with valves. Now the experiments of 
Hales and Duhamel {hew that no valves can poffib y 
«ift in them. For branches imbibe “olfture "“'g 
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Vegeta- equally by either end ; and cdnfequently the fap moves 

, tl^n‘ , with equal facility both upwards and downwards, which 
it could not do were there valves in the veflels. Be- 
fides, it is known, from many experiments, that we 
may convert the roots of a tree into the branches, and 
the branches into the roots, by covering the branches 
with earth, and expofing the roots to the air. Now 
this would be impoffible if the fap veffels were provided 
with valves. The fame remarks overturn the hypothefis 
of Mr de la Hire, which is merely that of Malpighi, 
exprefled with greater precifion, and with a greater pa- 
rade of mechanical knowledge. Like Borelli, he pla- 
.ced the afcending power of the fap in the parenchyma. 
But his very experiments, had he attended to them 
with care, would have been fufficient to fhew the im- 
perfeftion of. his theory. 

The greater number of philofophers (for it is need- 
lefs to mention thofe who, like Perrault, had recourfe 
to fermentation, nor thofe who introduced the weight 
of the atmofphere) have afcribed the motion of the fap 

135 to capillary attraction. 
Afcribed to There exills a certain attraction between many folid 

attradion ^0^es an^ liquids ; in confequence of which, if thefe ‘ folid bodies be formed into fmall tubes, the liquid en- 
ters them, and rifes in them to a certain height. But 
this is perceptible only when the diameter of the tube 
is very fmall. Hence the attraction has been denomi- 
nated capillary. We know that there is fuch an at- 
traction between vegetable fibres and watery liquids. 
I'or fuch liquids will afcend through dead vegetable 
matter. It is highly probable, therefore, that the food 
ot plants enters the roots, in confequence of the capil- 
lary attraction which fubfifts between the fap veffels 
*nd the liquid imbibed. This fpecies of attraction, then, 
will account perfectly well for the entrance of moifture 
into the mouths ot the fap veffels. But will it account 
alfo, as fome have fuppofed, for the afcent of the fap, 

136 an<^ ^or great force with which it afcends ? 
This opt- The nature and laws of capillary artraCtion have 
nion exa- been very much overlooked by philofophers. But we 
iuinea, know enough concerning it to enable us to decide 

the prefent queftion. It conhfls in a certain attrac- 
tion between the particles of the liquid and of the 
tube. It has been demonftrated, that it does not ex- 
tend, or at lead that it produces no fenfible effed, at 
greater diftances than T^^th part of an inch. It has 
been demonllrated, that the water afcends, not by 
the capillary attra&ion of the whole tube, but of a 
flender film of it ; and Clairaut has fhewn that this film 
is fituated at the lowermoft extremity of the tube (g). 
This film attracts the liquid with a certain force ; and 
if this force be greater than the cohefion between the 
particles of the liquid, part enters the tube, and con- 
tinues to enter, till the quantity above the attracting 
film of the tube juft equals, by its weight, the excefs 
of the capillary attraction between the tube and the li- 
quid, above the cohefion of the liquid. The quantity 
of water therefore in the tube is pretty nearly the mea- 
fure of this excefs 3 for the attracting film is probably 
very minute. 

BSTANCES. Parti. 
It has been demonftrated, that the heights to which Vegeta- 

liquids rife in capillary tubes, are inverfely as the dia- don. 
meter of the tube. Confequently the fmaller the dia- " 'v J 

meter of the tube, the greater is the height to which 
the liquid will rife. But the particles of water are not 
infinitely fmall; therefore whenever the diameter of the 
tube is diminifhed beyond a certain fize, water cannot 
afcend irf it, becaufe its particles are now larger than 
the bore of the tube. Confequently the rife of water 
in capillary tubes muft have a limit : if they exceed a 
certain length, how fmall foever their bore may be, wa- 
ter will either not rife to the top of them, or it will not 
enter them at all. We have no method of afeertaining 
the precife height to which water would rife in a ca- 
pillary tube, whofg bore is juft large enough to admit a 
fingle particle of water. Therefore we do not know 
the limit of the height to which water may be raifed 
by capillary attradion. But whenever the bore is d£- 

' minifhed beyond a certain fize, the quantity of water 
which rifes in it is too fmall to be fenfible. We can 
eafily afeertain the height which water cannot exceed 
in capillary tubes before this happens ; and if any per- 
fon calculate, he will find that this height is not nearly 
equal to the length of the fap veffels of many plants. 
But befides all this, we fee in many plants very long 
fap veffels, of a diameter too large for a liquid to rife 
in them a fingle foot by capillary attradion, and yet the 
fap rifes in them to very great heights. 

If any perfon fays that the fap veffels of plants gra- 
dually diminilh in diameter as they afcend ; and that, 
in confequence of this contrivance, they ad precifely 
as an indefinite number of capillary tubes, one (landing 
upon another, the inferior ferving as a refervoir for 
the fuperior: we anfwer, that the fap may afcend by 
that means to a confiderable height ; but certainly not 
in any greater quantity than if the whole fap veffel had 
been precifely of the bore of its upper extremity. For 
the quantity of fap raifed muft depend upon the bore 
of the upper extremity, becaufe it muft all pafs through 
that extremity. The quantity of fap, too, on that 
fuppofition, muft diminifh the farther we go from the 
root, becaufe the bore of the fap veffels is conftantly 
diminifhing ; the afcending force muft alfo diminifh, be- 
caufe it is, in all cafes, proportional to the quantity of 
water raifed. Now neither of thefe, as Dr Hales has 
demonftrated, is true. 

But farther, if the fap moved only in the veffels of And refu- 
plants by capillary attradion, it would be fo far from ted, 
flowing out at the extremity of a branch, with a force 
fufficient to overcome the preflure of a column of water 
43 feet high, that it could not flow out at all. It 
would be impoffible in that cafe for any fuch thing as 
the bleeding of trees ever to happen. 

If we take a capillary tube, of fuch a bore that a 
liquid will rife in it fix inches, and after the liquid has 
rifen to its greateft height, break it fliort three inches 
from the bottom, none of the liquid in the under half 
flows over. The tube, thus (hortened, continues in- 
deed full, but not a fingle particle of liquid ever efcapes 
from it. And how is it poffible for it to efcape i1 The 

film. 

^ (g ) I he adion of all the other films, of which the tube is compofed, on the water, as far as it is meafured by 
its effed, is nothing at all. For every particle of water in the tube (except thofe attraded by the undermoft 
film) is attraded upwards and downwards by the fame number of films : it is thereforefprecifely in the fame Hate 
W if it were not attraded at all. 
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film, at the upper extremity of the tube, mult certainly 
have as llrong an attradtion for the liquid as the film 
at the lower extremity. As part of the liquid is within 
its attradling diftance, and as there is no part of the 
tube above to counterbalance this attradtion, it mull of 
neceffity attradl the liquid nearell it, and with a force 
fufficient to counterbalance the attradtion of the under- 
moll film, how great fioever vve may fuppofe it. Of 
courfe no liquid can be forced up, and confequently 
none can flow out of the tube. Since then the fap 
flows out at the upper extremity of the fap veflels of 
plants, we are abfolutely certain that it does not afeend 
in them merely by its capdlary attradtion, but that 
there is fome other caufe. 

It is impofiible therefore to account for the motion 
of the fap in plants by any mechanical or chemical 
principles whatever; and he who aferibes it to thefe prim 
ciples has not formed to himfelf any clear or accurate 
conception of the iubjedl. We know indeed that heat 
is an agent; for Dr Walker found that the afeent of 
the fap is much promoted by heat, and that after it had 
begun to flow from feveral incifions, cold made it give 
over flowing from the higher orifices while it continued 
to flow at the lower*. But this cannot be owing to 
the dilating power of heat ; for unlefs the fap veflels of 
plants were furnilhed with valves (and they have no 
valves), dilatation would rather retard than promote the 
afeent of the fap. Confequently the effedt of heat can 
give us no afilftance in explaining the afeent of the fap 
upon mechanical and chemical principles. 

   We mult therefore aferibe it to forae other caufe : 
mild com the veflels themfelves mull certainly adt. Many philo- 
tra(ft> fbphers have feen the necefllty of this, and have accord- 

ingly aferibed the afeent of the fap to irritability. But 
the firll perfon who gave a precife view of the manner 
in which the veflels probably adt was Sauflure. He 
fuppofes that the fap enters the open mouths of the 
veflels, at the extremity of the roots; that thefe mouths 
then contradl, and by that contradtion propel the fap 
upwards; that this contradtion gradually follows the 
fap, pulhing it up from the extremity of the root to the 
fummit of the plant. In the mean time the mouths 
are receiving new fap, which in the fame manner is 

\-Encyc. puflied upwards t- Whether we fuppofe the contrac- 
Mstb. Plyf.tion to take place precifely in this manner or not, we 
Veget. p.' can fcarcely deny that it mull take place ; but by what 

means it is impofiible to fay. The agents cannot pre- 
cifely rdemble the mufcles of animals ; becaufe the 
whole tube, however cut or maimed, Hill retains its 
contracting power, and becaufe the contradlion is per- 
formed with equal readinefs in every diredlion. It is 
evident, however, that they mull be the fame in kind. 
Perhaps the particular llrudture of the veflels may fit 
them for their office. Does ring after ring contradl its 
diameter ? The eontradting agents, wdiatever they are, 
feem to be excited to adl by fome llimulus communi- 
cated to them by the fap. This capacity of being ex- 
cited to adlion is known in phyfiology by the name of 
irritability; and there are not wanting proofs that plants 
are poflefled of it. It is well known that different 
parts of plants move when certain fubllances adl upon 
them. Thus the flowers of many plants open at fun- 
rife, and clofe again at night. Linnaeus has given us a 
lift of thefe plants. Des Fontaines has Ihewn that the 
ftamina and antherae of many plants exhibit diftindl mo- 
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tionsj. Dr Smith has obferved, that the ftamina of Vegeta- 
the barberries are thrown into motions when touched §. uon‘ , 
Roth has afeertained that the leaves of the drofera Ion- 
gifolia and rotundifolia have the fame property. Mr/w. 1787, 
Coulon, too, who has adopted the opinion that the § Ptil. 
motion of the fap in plants is produced by the contrac- 
tion of vefiels, has even made a number of experiments x>'"ym' 
in order to fnew this contradtion. But the fact is, that 
every one has it in his power to make a decifive expe- 
riment. Simply cutting a plant, the euphorbia pcplis 
for inftance, in two places, fo as to iaparate a portion 
of the Item from the reft, is a complete demonilratiou 
that the veflels adtually do contract. For whoever 
makes the experiment, will find that the milky juice of 
that plant flows out at both ends fo completely, that if 
afterwards we cut the portion of the ftem in the middle, 
no juice whatever appears. Now it is impoffible that 
thefe phenomena could take place without a contrac- 
tion of the veflels ; for the veflels in that part of the 
ftem which has been detached cannot have been more 
than full; and their diameter is fo fmall, that if it were 
to continue unaltered, the capillary attradlion would be 
more than fufficient to retail their contents, and confe- 
quently not a drop could flow out. Since, therefore, 
the whole liquid efcapes, it muft be driven out forcibly, 
and confequently the veflels muft contra'Ct. ^ 

It feems pretty plain, too, that the veflels are excited in Confe- 
to contraft by various ftimuli ; the experiments of Cou-quence of 
Ion and Sauflure render this probable, and an obferva- 
tion of Dr Smith Barton makes it pretty certain. He 
found that plants growing in water vegetated with 
much greater vigour, provided a little camphor was 
thrown into the water*. * Ann.de 

18. Befides the fap which afeends upwards towards CA/**, xxiii. 
the leaves, they contain alfo another fluid, known by^' 
the name of fuccus proprius, ox peculiar juice. This juice pecuiiar 
differs very confiderably in different plants. It feems juke form- 
to he the fap altered by fome procefs or other, and fit-ed from the 
ted for the various purpofes of vegetation. That it 
flows from the leaves of the plant towards the roots, 
appears from this circumftance, that when we make an 
incifion into a plant, into what ever polition we put it, 
much more of the fuccus proprius flows from that fide 
of the wound which is next the leaves and branches, 
than from the other fide: and this happens even though 
the leaves and branches be held undermofl f. When a f Pell, 
ligature is tied about a plant, a fwelling appears above, ^ancfi‘. 
but not below the ligature. 402,? 

The veffels containing the peculiar juice are found 
in all the parts of the plant. Hedwig, who has exa- 
mined the veffels of plants with very great care, feems 
to confider them as of the fame flrudlure with the tra- 
chese. The peculiar juice is eafily known by its colour 
and its confidence. In fome plants it is green, in fome 
red, in many milky. It cannot be doubted that its mo- 
tion in the veffels is performed in the fame way as that 
of the fap. 141 

19, It appears, then, that the fap afeends to the In the 
leaves, that there it undergoes certain alterations, and^caves’ 
is converted into the peculiar juiceswhich, like the 
blood in animals, are afterwards employed in forming 
the various fubftances found in plants. Now the changes 
which the fap undergoes in the leaves, provided we can 
trace them, mull throw a great deal of light upon the 
nature of vegetation. 

4 B No 
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No (boner has the fap arrived at the leaves, than a 
great part of it is thrown off by evaporation. 1 he 

2 quantity thus perfpired bears a very great proportion to 
Part^of the the moilhtre imbibed. Mr Woodward found that a fprig 
fap per- of mint in 77 days imbibed 2558 grains of water, and 
fp*res thro’ yet jtg weight was only increafed 15 grains * : there- 
the le-ves. £ore jt mu{£ have given out 2543 grains. Another 

branch, which weighed 127 grains, increafed in weight 
j 28, and it had imbibed 14190 grains. Another fprig, 
weighing 76 grains, growing in water mixed with earth, 
jncreafed in weight 168 grains, and had imbibed 10731 
grains of water. Thefe experiments demonftrate the 
great quantity of matter which is conftantly leaving the 
plant. Dr Hales found that a cabbage tranfmitted 
daily a quantity of moifture equal to about half its 
weight ; and that a fun-flower, three feet high, tranf- 
mitted in a day 1 lb. 14 oz. avoirdupois f. He {hewed, 
that the quantity of tranfpiration in the fame plant was 
proportional to the furface of the leaves, and that when 
the leaves were taken off, the tranfpiration nearly cea- 

% Ibid. 30. fed By thefe obfervations, he demonllrated that the 
leaves are the organs of tranfpiration. He found, too, 
that the tranfpiration was nearly confined to the day, 
very little taking place during the night § ; that it was 
much promoted by heat, and Hopped by rain and froft ||. 
And Millar f, Guettard *, and Senebier, have (hewn 
that the tranfpiration is alfo very much promoted by 

P«r. 1748. funfhine. 
The quantity of moifture imbibed by plants depends 

very much upon what they tranfpire. The reafon is 
evident: when the velfels are once filled with fap, if 
none be carried off, no more can enter ; and, of courfe, 
the quantity which enters muft depend upon the quan- 
tity emitted. 

In order to difcover the nature of the tranfpired mat- 
ter, Hales placed plants in large glafs veffels, and by 
that means collected a quantity of it •j'. He found that 
it refembled pure water in every particular, excepting 
only that it fometimes had the odour of the plant. He 
remarked, too, as Guettard and Du Hamel did after 
him, that when kept for fome time it putrefied, or at 
lea ft acquired a ftinking fmell. Senebier fubje&ed a 
quantity of this liquid to a chemical analyfis. 

He collected 13030 grains of it from a vine during 
the months of May and June. After filtration he gra- 
dually evaporated the whole to drynefs. There re- 
mained behind two grains of refujuum. Thefe two 
grains conhfted of nearly ^ grain of carbonat of lime, 
tt grain of fulphat of lime, 4 grain of matter foluble 
in water, and having the appearance of gum, and 4 grain 
of matter which was foluble in alcohol, and apparently 
refinous. He analyzed 60768 grains of the fame liquid, 
collefted from the vine during the months of July and 
Auguft. On evaporation he obtained 2^ grains of re- 
fiduum, compofed of \ grain of carbonat of lime, ^ 

• grain of fulphat of lime, 4- grain of mucilage, and 4: 
grain of refin. The liquid tranfpired by the after novte 
Anglia afforded precifely the fame ingredients J:. rtgtt. genebjer attempted to afcertain the proportion which 

144 the liquid tranfpired bore to the quantity of moifture 
And quan- imbibed by the plant. But it is eafy to fee that fuch 
lity- experiments are liable to too great uncertainties to be 

depended on. His method was as follows : He plun- 
ged the thick end of the branch on which he made the 

f Ibid. 49. 

M3 
Its nature, 
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experiment into a bottle of water, while the other end, Vegeta- 
containing all its leaves, was thruft into a very large 
glafs globe. The apparatus was then expofed to the 
funfhine. The quantity imbibed was known exafUy by 
the water which difappeared from the bottle, and the 
quantity tranfpired was judged of by the liquid which 
condenfed and trickled down the Tides of the glafs globe. 
The following table exhibits the refult of his experi- 
ments : 

Plants. 
Peach 
Ditto 
Ditto 
Mint 
Ditto 
Rafp 
Ditto 
Peach . 
Apricot 

Imbibed. 
100 gr. 
210 
220 • 
200 
575 • 
725 

1232 . 
710 
210 . 

Perfpired. 
• 35 Sr- 
• 9° 

120 
. 90 . 

120 . 
. 560 

765 . 
• 295 

180 . 

'Time. 

2 days. 
10 

2 
2 
I 
I 

In fome of his experiments no liquid at all was con- 
denfed. Hence it is evident that the quantity of mat- 
ter tranfpired cannot be deduced from thefe experi- 
ments. The mouth of the glafs globe does not Item 
to have been accurately clofed ; the air within it com- 
municated with the external air: confequently the quan- 
tity condenfed muft have depended entirely upon the 
ftate of the external air, the heat, &c. 

The fir ft great change, then, which takes place upon 
the fap after it arrives at the leaves, is the evaporation 
of a great part of it: confequently what remains muft 
be very different in its proportions from the fap. The 
leaves feem to have particular organs adapted for throw- 
ing off part of the fap by tranfpiration. For the ex- 
periments of Guettard*, Duhamel f, and Bonnet J,.* 
{hew that it is performed chiefly by the upper furfaces 1749. 
of leaves, and may be nearly flopped altogether by var-^jj^"* 
niftiing the upper furface. i. 158. ’ 

The leaves of plants become gradually lefs and lefs j Traite des 
fit for this tranfpiration ; for Senebier found,, that when Peuilks, 
all other things are equal, the tranfpiration is much1 

greater in May than in September *. Hence the rea-why the 
fon that the leaves are renewed annually. Their organs leaves fall 
become gradually unfit for performing their funftions,«ff‘ 
and therefore it is neceffary to renew them. Thofe*^"^ ,e‘~ 
trees which retain their leaves during the winter werea8^ * 
found by Hales and fucceeding phyliologifts to tranf- 
pire lefs than others. It is now well known that thefe 
trees alfo renew their leaves. 

20. Leaves have alfo the property of abforbing car- 
bonic acid gas from the atmofphere. l46 

We are indebted for this very Angular difcovery to Leaves ab- 
the experiments of Dr Prieftley, though he himfelf didforb car- 
not difcover the truth, and though he even refufed tob^lcacitl 

acknowledge it when it was pointed out by others. Itg s‘ 
has been long known, that when a candle has been al- 
lowed to burn out in any quantity of air, no candle 
can afterwards be made to burn in it. In the year 
1771 Dr Prieftley made a fprig of mint vegetate for ten 
days in contadt with a quantity of fuch air ; after which 
he found that a candle would burn in it perfectly well Airj 
This experiment he repeated frequently, and found that111* W* 
it was always attended with the fame refult. ^ Accord- 
ing to the opinion at that time univerfally received, that 
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Vegeta- the burning of candles rendered air impure by commu- 

nicating phlogifton to it, he concluded from it, that 
plants, while they vegetate, abforb phlogiilon. 

Carbonic acid gas was at that time fuppofed to con- 
tain phlogifton. It was natural, therefore, to fuppofe 
that it would afford nourifhment to plants, fince they 
had the property of abforbing phlogifton from the at- 
mofphere. Dr Percival had publifhed a fet of experi- 
ments ; by which he endeavoured to (hew that this was 
a&ually the cafe. 

Thefe experiments induced Dr Pneftley, in I77y> 
to confider the fubjeft with more attention. But as, in 
all the experiments which he made, the plants con lined 
in carbonic acid gas very foon died, he concluded 
that carbonic acid gas was not a food, but a poifon to 
plants *. Mr Henry of Manchefter was led, in 1784, 
probably by the contrariety of thefe refults, to examine 
the fubjedt His experiments, which were publiftied 
in the Manchefter Tranfadions perfe&ly coincided 
with thofe of Dr Percival. For he found, that carbo- 
nic acid gas, fo far from killing plants, conftantly pro- 
moted their growth and vigour. Meanwhile Mr Sene- 
bier was occupied at Geneva with the fame fubjedt ; 
and he publilhed the refult of his refearches in his Me- 
moires PhyficO'chymique about the year 1780. His ex- 
periments (hewed, in the cleared manner, that carbonic 
acid gas is ufed by plants as food. The fame thing 
was fupported by Ingenhoufz in his fecond yolume. 
The experiments of Sauffure the Son, publifhed in 
1 797, have at laft put the fubjedl beyond the reach of 
difpute. From a careful comparifon of the experiments 
of thefe philofophers, it will not be difficult for us to 
difcover the various phenomena, and to reconcile all the 
feeming contradictions which occur in them. I he (adts 
are as follows: 

Mr Sauffure has (hewn, that plants will not vegetate 
when totally deprived of carbonic acid gas. They ve- 
getate indeed well enough in air which has been pie- 
vioudy deprived of carbonic acid gas ; but when a 
quantity of lime was put into the glafs veffel which con- 
tained them, they no longer continued to grow, and 

u. the leaves in a few days fell off |. The air, when exa- 
Cbim xxiv. m;ned, was found to contain no carbonic acid gas. 1 he 
145. 148. reafon Gf th;s phenomenon is, that plants (as we (hall lee 

afterwards) have the power of forming and giving out 
carbonic acid in certain circumftances ; and this quan- 
tity is fufficient to continue their vegetation for a cer- 
tain time. But if this new formed gas be alfo with- 
drawn, by quicklime, for inftance, which abforbs it the 
inftant it appears, the leaves droop, and refufe to per- 
form their fundions. Carbonic acid gas, then, applied 

tto the leaves of plants, is ejfential to vegetation. 
Decompofe Dr Prieftley, to whom we are indebted for many ot 
it, and e- the mod important fafts relative to vegetation, obter- 

ved, in the year 1778, that plants, in certain circum- 
ftances, emitted oxygen gas || ; and Ingenhoufz very 
foon after difcovered that this gas is emitted by the 
leaves of plants, and only when they are expofed to the 
bright light of day. His method was to plunge the 
leaves of different plants into veffels full of water, and 
then expofe them to the fun, as Bonnet, who had ob- 
ferved the fame phenomenon, though he had given a 
wrong explanation of it, had done before him. Bub- 
ties of oxygen gas very foon detached themfelves from 
the leaves, and were colleded in an inverted glafs vef- 
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fel*. He obferved, too, that it was not a matter of 
indifference what kind of water was ufed. If the wa- , 
ter, for inftance, had been previoudy boiled, little or *xngenhoufz, 
no oxygen gas efcaped from the leaves ; river water af-on Veget. 
forded but little gas ; but pump water was the mofti. 15-&c- 
produftive of all f. _ f Ihii. 84. 

Senebier proved, that if the water be previoudy de- 
prived of all its air by boiling, the leaves do not emit a. 
particle of air ; that thofe kinds of water which yield 
moft air, contain in them the greateft quantity of car- 
bonic acid gas ; that leaves do not yield any oxygen, 
when plunged in water totally deftitute of carbonic acid 
gas ; that they emit it abundantly wdien the w^ater, ren- 
dered unproductive by boiling, is impregnated with car- 
bonic acid gas ; that the quantity of oxygen emitted, 
and even its purity, is proportional to the quantity of 
carbonic acid gas which the water contains ; that water 
impregnated with carbonic acid gas gradually lofes the 
property of affording oxygen gas with leaves ; and that 
whenever this happens, all the carbonic acid gas has dit- 
appeared ; and on adding more carbonic acid gas the 
property is renewed J. Thefe experiments prove, in a ( Rnc. Me- 
moft fatisfaftory manner, that the oxygen gas which 
the leaves of plants emit depends upon the prefence of ^ 
carbonic acid gas; that the leaves abforb carbonic acid 
gas, decompofe it, give out the oxygen, and retain the 
carbon. # 

I4® . 
We now fee why plants will not vegetate without But during 

carbonic acid gas. They abforb it and decompofe it 5 j e ^ 
but this procefs goes on only when the plants are ex- 
pofed to the light of day. Therefore we may con* 
elude, that the abforption and decompofition of carbo- 
nic acid gas is confined to the day, and that light is an 
effential agent in the decompofition. Probably it is by 
its agency, or by its entering into combination witn the 
oxygen, that this fubitance is enabled to affume the ga- 
feous form, and to (eparate from the carbon. 

If w'e reafon from analogy, we (hall conclude, that 
during this procefs a quantity of caloric is neceffary ; 
and that therefore no increafe of temperature takes 
place, but rather the contrary. This may be one rea- 
fon why the operation takes place only during the 
day. . 143 

It is extremely probable that plants by this procefs [n way 
acquire the greateft part of the carbonaceous matter plants may 
which they contain ; for if we compare the quantity of acquire 
carbon contained in plants vegetating in the dark, 
where this procels cannot go on, with the quantity 
which thofe plants contain which vegetate in the ufual 
manner, we (hall perceive a very confpicuous difference, 
Chaptal found that a byffus, which was vegetating in 
the dark, contained only ^ of its weight of carbona- 
ceous matter ; but the fame plant, after being made to 
vegetate in the light for 30 days, contained Tx^h of its 
weight of carbonaceous matter*. Hafl'enfratz afcer* * 
tained, that plants growing in the dark contain much1786, 
more water, and much lefs carbon and hydrogen, than 
plants growing in the light. Senebier analyfed both 
with the fame refult. Plants growing in the dark 
yielded lefs hydrogen gas and oil: their refinous matter 
was to that of plants growing in the light as 2 to 5,5, 
and their moifture as 13 to 6; they contain even one-half 
lefs of fixed matters. . 

It is evident, however, that this abforption and de- 
compofition of carbonic acid gas does not depend upon 
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the light alone. The nature of the fap has alfo its in- 
fluence ; for Haflenfratz found, that the quantity of 
carbon did not increafe when plants vegetated in pure 
water. Here the fap feems to have wanted that part 
which combines with and retains the carbon ; and 
which therefore is by far the moll important part of 
the food of plants. Upon the difcovery and mode of 
applying this fubltance, whatever it is, the improve- 
ments in'agriculture mull in a great meafure depend. 

If we coaflder the difference in the proportion of 
carbonaceous matter in plants vegetating in the dark 
and in the ufual manner, we can fcarcely avoid conclu- 
ding that the quantity of carbonic acid gas abforbed by 
plants is confiderable. To form an eftimate of it, would 
require a fet of experiments performed in a very difl'e- 
rent manner from any hitherto made. The ftcms and 
branches of plants vegetating in a rich foil fhould be 
confined within a lapge glafs globe, the infide of which 
ought to have no communication with the external air. 
A very fmall Aream of carbonic acid gas fhould be 
made occaflonally to flow into this globe, fo as to fup- 
ply the quantity that may appear neceffary ; and there 
fhould be a contrivance to carry off and examine the air 
within the globe when it increafes beyond a certain 
quantity. Experiments conduced in this manner would 
probably throw a great deal of light upon this part of 
vegetation, and enable us to calculate the quantity of 
carbonic acid decompofed, and the quantity of oxygen 
emitted by plants; to compare thefe with the wafle of 
oxygen by the refpiration of animals and combuAion, 
and to fee whether or not they balance each other. 

Senebier has afcertained, that the decompofition of 
the carbonic acid takes place in the parenchyma. He 
found, that the epidermis of a leaf would, when fepara- 
ted, give out no air, neither would the nerves in the 
fame circumftances ; but upon trying the parenchyma, 
thus feparated from its epidermis and part of its nerves, 
it continued to give out oxygen as before f. He re- 
marked alfo, that every thing elfe being equal, the 
quantity of oxygen emitted, and confequently of car- 
bonic acid decompofed, is proportional to the thicknefs 
of the leaf; and this thicknefs depends upon the quan- 
tity of parenchyma. 

That the decompofition is performed by peculiar or- 
gans, is evident from an experiment of Ingenhoufz. 
Heaves cut into fmall pieces continued to give out oxy- 
gen as before ; but leaves pounded in a mortar loll the 
property entirely. In the firft Hate, the peculiar firuc- 
ture remained ; in the other, it was deAroyed. Certain 
experiments of Count Rumford, indeed, are totally in- 
compatible with this conclufion ; and they will natu- 
rally occur to the reader as an unfurmountable objec- 
tion. He found, that dried leaves, black poplar, fibres 
of raw filk, and even glafs, when plunged into water, 
gave out oxygen gas by the light of the fun. But 
when Senebier repeated thefe experiments, not one 
of them would fucceed j; ; and we have attempted 
them with the fame bad fuccefs. The Count mull 
have been milled by fomething which he has not men- 
tioned. 

Thus we have feen, that when the fap arrives at the 
leaves, great part is thrown off by evaporation, and 
that the nature of the remainder is confiderably altered 
by the addition of a quantity of carbon; but thefe are 
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by no means all the alterations produced upon the fap Vegeta- 
in the leaves. tion. 

21. Plants will not vegetate unlefs atmofpheric air or 1 •v—J 
oxygen gas have accefs to their leaves. This was ren- { ab 
dered probable by thofe philofophers who, about theforb ext- 
end of the 17th century, turned their attention parti-gen, 
cularly towards the phylical properties of the air : But 
Mr Ingenhoufz was perhaps the firlt of the modern 
chemifis who put it beyond doubt. He found that 
carbonic acid gas, azot, and hydrogen gas, deltroyed 
plants altogether, unlefs they were mixed with atmo- 
Ipheric air or oxygen gas. He found alfo, that plants 
grew very well in oxygen gas and in atmofpheric air *. *Ingenho*fe 
Thefe experiments are fuflicient to {hew, that oxygen* • 
gas is neceflary to vegetation. The leaves of plants 
leem to abforb it ; and moll probably this abforption 
takes place only in the night. We know, at leaft, that 
in germination light is injurious to the abforption of 
oxygen gas; and therefore it is probable that this is the 
cafe alfo in vegetation. j^2 

2 2. The haves of plants not only abforb carbonic And water, 
acid gas and oxygen gas, but water alfo. This had 
been fuipe&ed in all ages : the great effeft which dew, 
flight Ihowers, and even wetting the leaves of plants, 
have in recruiting their Arength, and making them ve- 
getate with vigour, are fo many proofs that the leaves 
imbibe moiAure from the atmofphere. Hales rendered 
this Aill more probable, by obferving, that plants in- 
creafe confiderably in weight when the atmofphere is 
moiA ; and Mr Bonnet put the matter beyond doubt 
in his Refcarchts concerning the Ufe of the Leaves. He 
Ihewed, that leaves continue to live for weeks when one 
of their furfaces is applied to water ; and that they not 
only vegetate themfelves, but even imbibe enough of 
water to fupport the vegetation of a whole branch, and 
the leaves belonging to it. He difeovered alfo, that 
the two furfaces of leaves differ very conliderably in 
their power of imbibing moiAure ; that in trees and 
Airubs, the under furface poffeffes almoA the whole of 
the property, while the contrary holds in manv of the 
other plants ; the kidney bean for inltance. 

Thefe faAs prove, not only that the leaves of plants 
have the power of abforbing moiAure, but alfo that the 
abforption is performed by very different organs from 
thofe which emit moiAure ; for thefe organs lie on dif- 
ferent fides of the leaf. If we coniider that it is only 
during the night that the leaves of plants are moiAened 
with dew, we can fcarcely avoid concluding, that, ex- 
cept in particular cafes, it is during the night that 
plants imbibe almoA all the moiAure which they do 
imbibe. 

23. During the night the leaves of plants emit car-Andcmit 
bonic acid gas. This fad was firlt demonArated by 
Mr Ingenhoufz f, and it has been fince confirmed byaa gat’ 
every philofopher who has attended to the fubjed. / Ve^e~ 

Thus we have feen that the leaves of plants perform^ 
very different operations at different times. During the paOim. 
day they are giving out moiAure, abforbing carbonic 
acid gas, and emitting oxygen gas ; during the night, 
on the contrary, they are abforbing moiAure, giving out 
carbonic acid gas, and abforbing oxygen gas. 

The emiflion of the carbonic acid gas feems to be 
the confequence of the decompofition of water ; either 
of the water which is already contained in the fap, or 
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of that which the leaves imbibe during the night ; but 
which of the two, it is impofiible to determine, nor is it 

^—v  of much confequence. We may conclude that this is 
the cafe, becaufe it takes place during the germination 
of the feed, where all the circumftances feem to be per- 
feaiy analogous. The water is decompofed, its oxy- 
o-en is combined with part of the carbon which had 
been abforbed during the day, and the hydrogen enters 
into new combinations in the fap. It appears, alio, 
that this decompofition of water depends in a good 
meafure upon the quantity of oxygen gas abforbed ; ior 
Dr Ingenhoufz found, that when plants are confined 
in oxygen gas, they emit more carbonic acid gas than 

4-Tngenboufz, when they are confined in common air f- . 
ii. To deferibe in what manner thefe decompofitions 
c 

154 take place, is impoffible ; becaufe we neither know pre- 
«f,5'by cifely the fubHaLs into which the ftp has beer, con. 
thefe pro- verted by the operations performed during the day, noi 
ceffes into t}ie new fubftances formed by the operations °f the 
‘U~ night. We only fee the elementary fubftances which 

are added and fubtiafted ; which is far from being 
fufficient to give us precife notions concerning the die- 
mical changes and the affinities by which thde changes 
are produced We have reafon, however, to conclude, 
that during the day the carbon of the fap is mcreafed, 
and that during the night the hydrogen and oxygen 
are increafed; but the precife new fubftances formed 
are unknown to us. Nor let any one fuppofe that the 
increafe of the hydrogen, and of the oxygen of the lap, 
is the fame thing as the addition of a quantity of water. 
Far from it. The /ubftances into which the lap is con- 
verted have been enumerated in the laft chapter ; al- 
moft all of them confift chiefly of carbon, hydrogen, 
and oxygen, and yet none of them has the fmallelt re- 
femblance to water. In water, oxygen and hydrogen 
are already combined together in a certain proportion ; 
and this combination mult be broken before thefe ele- 
mentary bodies can enter into thofe triple compounds 
with carbon, of which a great part of the vegetame 
prcdu&s confift. We have not the fmalleft conception 
of the manner in which thefe triple combinations are 
formed, and as little of the manner in which the bo- 
dies which compofe vegetable fubftances are combined 
together. The combination may, for any thing we know 
to the contrary, be very complicated, though it con hits 
only of three ingredients; and analogy leads us to lup- 
pofe, that it a&ually is very complicated: for m chemi- 
ftry it may be coniidered as a truth, to which at preknt 
few or no exceptions are known, that bodies are decom- 
pofed with a facility inverfely as the fimpl.city of their 
compofition ; that is to fay, that thofe bodies which 
confift of the feweft ingredients are moft diihcultly de- 
compefed, and that thofe which are formed of many in- 
gredients are decompofed with the greateft facility.. 

Neither let any one fuppofe, that the abforption of 
carbonic acid gas, during the day, is balanced by the 
quantity emitted during the night, and that therefore 
there is no increafe of carbon ; for Ingenhoufz has 
fhewn, that the quantity of oxygen gas emitted during 
the day is much greater than the carbonic acid gas e- 
mitted during the night; and that in favourable circum- 
ftances, the quantity of oxygen gas in the air furround- 
ing plants is very much increafed, and toe carbonic 
acid gas diminifhed; fo much fo, that both Dr Pneft- 
ley and Dr Ingenhoufz found, that air which had been 
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fpoiled by a lighted candle, or by animals, was render- Vegeta- 
ed as good as ever by plants. Now we know, that, tl°n’ . 
combuition and refpiration diminifh the oxygen gas, 
and add carbonic acid gas to air ; therefore vegetation, 
which reftores the purity of air altered by thefe pro- 
cefles, muft increafe the oxygen, and diminifh the car- 
bonic acid gas of that air ; conlequently the quantity 
of carbonic acid gas abforbed by plants during the day 
is greater than the quantity emitted by them during 
the night, and of courle the carbon of the fap is in- 
creafed in the leaves. 

It is true, that when plants are made to vegetate for 
a number of days in a given quantity of air, its ingre- 
dients are not found to be altered. Thus Haflenfratz 
afeertained, that the air in which young chefnuts vege- 
tated for a number of days together, was not altered in 
its properties, whether the chefnuts were vegetating in 
water or in earth*. And Sauffure the Younger pro-* * 
ved, that peafe growing for ten days in water did not Cbim. xiii. 
alter the furrounding air f. But this is precifely what xxi^ 
ought to be the cafe, and what muft take place, pro-I39> 
vided the conclufions which we have drawn be juft. 
For if plants only emit oxygen gas, by abforbing and 
decompofing carbonic acid gas, it is evident, that unlefs 
carbonic acid gas be prefent, they can emit no oxygen 
gas; and whenever they have decompofed all the car- 
bonic acid gas contained in a given quantity of air, we 
have no longer any reafon to look for their emitting 
any more oxygen gas; and if the quantity of carbonic 
acid gas emitted during the night be fmaller than that 
abforbed during the day, it is evident, that during the 
day the plant will conftantly decompofe all the acid 
which had been formed during the night. By thefe 
procefles, the mutual changes of day and night com- 
penfate each other ; and they arc prevented from 
more than compenfating each other by the forced ftate 
of the plant. It is probable, that when only part 
of a plant is made to vegetate in this forced ftate, fome 
carbonated jap (if we may be allowed the expreflion) is 
fupplied by the reft of the plant ; and that therefore 
the quantity of carbonic acid gas emitted during the 
night may bear a nearer proportion to that emitted in 
a ftate of nature, than that of the abforption of fixed 
air can poflibly do. And probably, even when the 
whole plant is thus confined, the nightly proctfs goes 
on for a certain time at the ex pence of the carbon al- 
ready in the lap ; lor Ilalienfratz found, that in thefe 
cafes the quantity of carbon in the plant, after it had 
vegetated for fome time in the dark, was lei's than it had 
been when it began to vegetate*. 'This is the rea- 
fon that plants growing in the dark, when confined, jgg ' 
abforb ali the oxygen gas, and emit an equal quantity 
of carbonic aciti gas : and whenever this has happened, 
they die; becaule then neither the daily nor nightly 
procefles can go on. 

24. Certain changes are alfo produced on the fap m 
the leaves by the aftion of light: anu thefe changes 
feem to be in fome meafure independent, or at leaft 
different from the abforption and decompofition of car- 
bonic acid gas, in which light, as we have ieen, ads an 
important part. I5S 

The green colour of plants is owing entirely to. their Green co- 
vegetating in the light; for when they vegetate in ^iepiants px* 
dark they are white j and when expofed to the light, duced 
they acquire a green colour in a very fhort time, in light, 
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whatfoever fituation they are placed, even though plun- 
ged in water, provided always that oxygen be prefent $ 
for Mr Gough has {hewn, that light without oxygen 
has not the power of producing the green colour *. 
In what manner this change is operated, cannot, in the 
prefent limited Hate of our knowledge, be afcertained. 
We know too little about the properties of light te be 
able even to conje&ure with any plaufibility. We know 
indeed, that part of the light is abforbed by green 
plants ; but this will not account for the phenomenon. 
When dilated, it amounts to no more than this, that 
plants which have grown in the dark refledt all the rays 
of light; while thofe which vegetate in the light re- 
fledt the green and abforb the others. The very men- 
tion of this phenomenon is enough to (hew us, that we 
have not advanced far enough to be able to explain it. 

Etiolated (e) plants want fomething, or poflefs fome- 
thing peculiar ; and it is on this fomething that the phe- 
nomenon depends. But what is this fomething? The 
fudden appearance of the green colour is rather againft 
the fuppolition, that it is owing to any fpecihc change 
in the qualities of the fap. 

Senebier has obferved, that when plants are made to 
vegetate in the dark, their etiolation is much dirninifhed 
by mixing a little hydrogen gas with the air that fur- 

• ,£/ir.-Mf-roUnds them*. Ingenhouiz had already remarked, 
tloJ. Tbif. .t}iat when a little hydrogen gas is added to the air in 

which plants vegetate, even in the light, it renders their 
verdure deeper f : and he feems to think alfo, that he 
has proved by experiments, that plants abforb hydrogen 
gas in thefe eircumftances;{;. Mr Humbolt has obferved 
that the poa annua and comprefla, plantago lanceolata, 
-trifolium arvenfe, cheiranthus cheiri, lichen verticillatus, 
•and feveral other plants which grow in the galleries of 
mines, retain their green colour even in the dark, and 
that in thefe cafes the air around them contains a quan- 
tity of hydrogen gas. Thefe fadfs are fufficient to 
{hew that there is fome connexion between the green 
colour of plants and the adtion of hydrogen gas on 
them; but what that connedtion is, it is impofiible at 
.prefent to fay. 

25. By thefe different changes which go on in the 
leaves, the nature of the fap is altogether changed. It 
is now converted into what is called the peculiar juice, 
and is fit for being affimilated to the different parts of 
the plant, and for being employed in the formation of 
thofe fecretions which are neceffary for the purpofes of 
the vegetable economy. 

The leaves, therefore, may be confidered as the di- 
gefling organs of plants, and as equivalent in fome mea- 
fure to the ftomach and lungs of animals. The leaves 
confequently are not mere ornaments ; they are the moft 
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important parts of the plant. Accordingly we find, Vegeta, 
that whenever we ftrip a plant of its leaves, we ftrip it don. 
entirely of its vegetating powrers till new leaves are 
formed. It is well known, that when the leaves of 
plants are deflroyed by infects they'- vegetate no longer, 
and that their fruit never make any farther progrefs in 
ripening, but decays and dries up. Even in germina- 
tion no progrefs is made in the growth of the item till 
the feed leaves appear. As much food indeed is laid up 
in the cotyledons as advances the plant to a certain 
flate, the root is prepared, and made ready to perform 
its functions; but the fap which it imbibes mull be 
firfl carried to the feed leaves, and digefted there, be- 
fore it be proper for forming the plumula into a flem. 
Accordingly if the feed leaves are cut off, the plant re- 
fufes to vegetate. 

It will be very natural to afk. If this be true, how How they 
come the leaves themielves to be produced ? Even if no are produ- 
anfwer could be given to this queftion, it could not over-ce<*' 
turn a fingle fa& which has been formerly mentioned, 
nor affeft a fingle conclufion as far as it has been fair- 
ly deduced from thefe fa&s. We know that the leaves 
exifl long before they appear ; they have been traced 
even five years back. They are completely formed in 
the bud, and fairly rolled up for evolution, many months 
before that fpring in which they expand. We know, 
too, that if we take a bud, and plant it properly, it 
vegetates, forms to itfelf a root, and becomes a com- 
plete plant. It will not be faid, furely, that in this cafe 
the bud imbibes nourifhment from the earth; for it 
has to form a root before it can obtain nourifhment in 
that manner; and this root cannot be formed without 
nourifhment. Is not this a demonftration that the bud 
contains, already laid up in itfelf, a fufficient quantity 
of nourifhment, not only to develope its own organs, 
but alfo to form new ones. This we confider as a fuf- 
ficient anfwer to the obje&ion. During the fummer, the 
plant lays up a fufficient quantity of nourifhment in each 
bud, and this nourifhment is afterwards employed in de- 
veloping the leaves. This is the reafon that the leaves 
make their appearance, and that they grow during the 
winter, when the plant is deprived of its organs of di- 
geftion. 

Hence we fee why the branch of a vine, if it be in- 
troduced into a hothoufe during the winter, puts forth 
leaves and vegetates with vigour, while every other part 
of the plant gives no figns of life. Hence alfo the rea- 
fon that the inoculation of plants fucceeds (f). 

If a tree be deprived of its leaves, new leaves make 
their appearance, becaufe they are already prepared for 
that purpofe : but what would be the confequence if a 
tree were deprived of its leaves and of all its buds for 
   five 

(e) Plants of a white colour, from vegetating in the dark, are called etiolated, from a French word which 
fignifies a jlar, as if they grew by Jlar light. * . . '. 

(f) Hence alfo the caufe of another well known phenomenon. The fap flows out of trees very readily in fpring 
before the leaves appear, but after that the bleeding ceafes altogether. It is evident that there can be fcarcely any 
circulation of fap before the leaves appear ; for as there is no outlet, when the veflels are once full, they can ad- 
mit no more. It appears, however, from the bleeding, that the roots are capable of imbibing, and the veflels 
of circulating the fap with vigour. Accordingly, whenever there is an outlet, they perform their funftions as 
ufual, and the tree bleeds ; that is, they fend up a quantity of fap to be digefted as ufual: but as there are no 
digefting organs, it flows out, and the tree receives no injury, becaufe the fap that flows out would not have been 
imbibed at all, had it not been for the artificial opening. But when the digettive organs appear, the tree will 
*iot bleed j becaufe thefe organs require all the fap, and it is conftantly flowing to them. 
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tion. leaves, is evident from an experiment of Duhamel. He 
 ' ftript the bark off a tree in ringlets fo as to leave five 

or fix rings of it at fome diflance from each other, with 
no bark in the intervals. Some of thefe rings had buds 

V- an(i leaves ; thefe increafed confiderably in iize ; but one 
ring which had none of thefe remained for years unal- 

26. The peculiar juice thus formed in the leaves is 
carried by veffels intended for that ufe to all the parts 
of the plant, in order to be employed for the purpofes 
of vegetation to increafe the wood, the bark, the 
roots ; to prepare the feeds, lay up nounfhment for the 
buds, and to repair the decayed parts of the fyftem, or 
form new ones. . . . . ,• • • 

If we had any method of obtaining this peculiar juice 
In a ftate of purity, the analyfis of it would throw a 
treat deal of light upon vegetation ; but this is fcarce 
polfible, as we cannot extraft it without dividing at the 
fame time the veffels which contain the fap. In many 
cafes, however, the peculiar juice may be knovvn by its 
colour ; and then its analyfis may be performed with an 
approach towards accuracy. The experiments made on 
fuch juices have proved, as might have been expedted, 
that they differ very confiderably from each other, and 
that every plant has a juice peculiar to itfelf. Hence 
it follows, that the proceffes which go on in the leaves 
of plants muff differ at leafl in degree, and that we 
have no right to transfer the conclufions deduced from 
experiments on one fpecies of plants to thofe of another 
fpecies. It is even probable, that the proceffes in diffe- 
rent plants are not the fame in kind ; for it is not rea- 
fonable to fuppofe, that the phenomena of vegetation 
in an agaric or a boletus are precifely the fame as thofe 
which take place in trees and in larger vegetables, on 
which alone experiments have hitherto been made. 

To attempt any general account of the ingredients 
of the peculiar juice of plants, is at prefent impoffible 
We may conclude, however, from the experiments of 
Chaptal, that it contains the vegetable jibre oi wood, 
either ready formed, or very nearly fo ; juft as the blood 
in animals contains a fubftance which bears a ftrong re- 
femblance to the mufcular fibres. ' 

When oxy-muriatic acid was poured into the pecu- 
liar juice of the euphorbia, which in all the fpecies of 
that Angular genus is of a milky co our and confiftency, 
a very copious white precipitate fell down. 1 his pow- 
der, when wafhed and dried, had the appearance of fine 
ft arch, and was not altered by keeping. It was neither 
affe&ed by water nor alkalies. Alcohol, affifted by 
heat, diffolved two thirds of it ; which were again pre- 
cipitated by water, and had all the properties of refin. 
The remaining third part poffeffed the properties of the 
woody fibre. Mr Chaptal tried the fame experiment on 
the juices of a great number of other plants, and he 
conflantly found that oxy-muriatic acid precipitated 
from them ivoody fbre. The feeds of plants exhibited 
exa&ly the fame phenomenon ; and a greater quantity 
of woody fibre was obtained from them than from an 
equal portion of the juices of plants . Thefe experi- 
ments are fufficient to fhew, that the proper juices of 
plants contain their nourifhment ready prepared, nearly 
in the ftate in which it exifts in the feed for the ufe of 
the young embryo. 
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The peculiar juices of plants, then, contain more car- 
bon, hydrogen, and oxygen and lets water, and pro- 
bably lime alfo, than the fap. They are conveyed to 
every part of the plant; and all the fubftances which jts ui'es 
we find in plants, and even the organs themfelves, by 
which they perform their functions, are formed from 
them. But the thickeft veil covers the whole of thefe 
proceffes; and fo far have philofophers hitherto been 
from removing this veil, that they have not even been 
able to approach it. All thefe operations, indeed, are 
evidently chemical decompofit'ons and combinations ; 
but we neither know what thefe decompofitions and 
combinations are, nor the inftruments in which they 
take place, nor the agents by which they are regu- 
lated. _ j6q 

27. Such, as far as we are acquainted wi^1 the™* pianr.s de-. 
are the changes produced by vegetation. But plantscay ani 
do not continue to vegetate for ever ; fooner or later die. 
they decay, and wither, and rot, and are totally de- 
compofed. This change indeed does not happen to all 
plants at the end of the fame time. Some live only for 
a fingle feafon, or even for a (horter period ; others live 
two feafons, others three, others a hundred or more; 
and there are fome plants which continue to vegetate 
for a thoufand years. But fooner or later they all ceafe 
to live ; and then thofe very chemical and mechanical 
powers which had promoted vegetation combine to de- 
itroy the remains of the plant. Now, What is the 
caufe of this change? Why do plants die ? 

This queftion can only be anfwered by examining 
with fome care what it is which conftitutes the life of 
plants; for it is evident, that if we can difeoyer what 
that is which conftitutes the life of a plant, it cannot 
be difficult to difeover what conftitutes its death. 

Now the phenomena of vegetable life are in genera^ phea^ie, 
vegetation. As long as a plant continues to vegetate,vegC, 
we fay that it lives ; when it ceafes to vegetate, wetabieliie. 
conclude that it is dead. 

The life of vegetables, however, is not fo intimately 
conne&ed with the phenomena of vegetation that they 
cannot be feparated. Many feeds may be kept for 
years without giving any fymptom of vegetation ; yet 
if they vegetate when put into the earth, we fay that 
they poflefs life : and if we would fpeak accurately, we 
muft fay alfo, that they poffeffed life even before they 
were put into the earth ; for it would be abfurd to, 
fuppofe that the feed obtained life merely by being put 
into the earth. In like manner, many plants decay, 
and give no fymptoms of vegetation during winter ; yet 
if they vegetate when the mild temperature of fpring 
affefts them, we confider them as having lived all win- 
ter. The life of plants, then, and the phenomena of 
vegetation, are not precilely the fame thing ; for the 
one may be feparated from the other, and we can even 
fuppofe the one to exift without the other. Nay, what 
is more, we can, in many cafes, decidey without hefita- 
tion, that a vegetable is not dead, even when no vege- 
tation appears ; and the proof which we have for its 
life is, that it remains unaltered; for we know that when 
2 vegetable is dead, it foon changes its appearance, and 
falls into decay. 

Thus it appears that the life of a vegetable conlifts 
in two things. 1. In remaining unaltered, when cir- 
cumftances are unfavourable to vegetation ; 2 In ex- 

hibitiivff* 
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hibiting tbe phenomena of vegetation when circamflan- 
ces are favourable. When neither of thefe two things 
happens, we fay that a vegetable is dead. 

The phenomena of vegetation have been enumerated 
above. They confilt in the formation or expanfion of 
the organs of the plant, in the taking in of nourifhment, 
in carrying it to the leaves, in digelting It, in diltribu- 
ting it through the plant, in augmenting the bulk of the 
plant, in repairing decayed parts, in forming new or- 
gans when they are neceffary, in producing feeds capa- 
ble of being converted into plants fimilar to the parent. 
The caufe of thefe phenomena, whatever it may be, is 
the caufe alfo of vegetable life. 

AH the fubitances which have been enumerated in the 
firft part of the article Chemistry, Suppl. together with 
their compounds and component parts, poiTefs certain 
qualities in common ; in confequence of which, a term 
has been invented which includes them all. This term is 
matter. Now thefe common qualities may all ultimate- 
ly be refolved into certain attra&ions and repulfions 
which thefe fubftances exert. Thefe qualities may be 
faid, without any impropriety, to be ejfential to matter ; 
becaufe every body to which we give the name of mat- 
ter poflelTes them ; and if any body were to be deprived 
of thefe qualities, it could no longer be included under 
the denomination matter. In fhort, the word matter 
comprehends under it certain qualities : every fubftance 
which pofleffes thefe qualities is called matter; and no 
other fubftauce except thefe can receive the name of 
matter without altering the meaning of the word. 

The attractions and repullions of matter have been 
eibleto the examined with care ; and the changes which they pro- 

matter • ^uce have been afcertained with confiderable accuracy. They htive even been reduced to general principles un- 
der the name of mechanical and chemical lavas. When- 
ever any change is obferved, if that change be a cafe of 
a mechanical or chemical law, we fay that the agent is 
matter; but if the change cannot be reduced under thefe 
laws, or if it be incompatible with thefe laws, we mult 
fay, unlefswe would pervert the meaning of words alto- 
gether, that the agent is not matter. 

Now it cannot be difputed that feveral of the pheno- 
mena of life in vegetables are incompatible with the 
laws of mechanics and chemiftry. The motion of the 
fap, for inftance, mult be produced by the contraction 
of the velfels ; and the contraction of vefiels, on the ap- 
plication of ftitnuli, is incompatible with the laws of 
chemiftry, becaufe no decompofition takes place ; and 
of mechanics, becaufe a much greater force is genera- 
ted than the generating body itfelf poffefled. The evo- 
lution of the organs of vegetables, the reparation of de- 
cayed organs, the formation of new ones to fupply the 
place of the old, the production of feeds capable of 
producing new plants, the conftant fimilarity of indivi- 
duals of the fame fpecies—thefe, and many other well 
known phenomena, cannot be reduced under mechani- 
cal and chemical laws. The caufe of life, then, in 
plants, is a fubjlance (for we can form no conception 

animmate-of an agent which is not a fubftance) which does not 
rial caufe. a£t according to the laws of mechanics and chemfftry, 
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and which confeqnently is mt matter. We ft.all there- Vegeta- 
fore, till a better name be chofen, denominate it the tlotu 

vegetative principle ( G). i 
J 

The nature of the vegetative principle can only be de-Nature of 
duced from the phenomena of vegetation. It evidently the vege- 
follows a fixed plan, and its aftions are direfted to pro-Pr*a- 
mote the good of the plant. It has a power over mat-C ^e* 
tei, and is capable of dirc&ing its attractions and repul- 
fions, in fuch a manner as to render them the inftru- 
ments of the formation, and improvement, and prefer- 
vation of the plant. It is capable alfo of generating 
fubftarices endowed with powers fimilar to itfelf. The 
plan according to which it adis, difplays the moft con- 
fummate wifdom and forefight, and a knowledge of the 
properties of matter infinitely beyond what man can 
boaft. ' 165 

Metaphyficians have thought proper to divide all Whether 
fubftances into two clafles, matter and mind. If we fob endowed 
low this divifton, the vegetative principle, as it is not 
material., muft undoubtedly be ranked under mind. But 
if confcioufnefs and intelligence be conlidered as effential 
to mind, which is the cafe according to their definition, 
we cannot give the vegetative principle the name of 
mind, becaufe it has not been proved that it pofiefles 
confcioufnefs and intelligence. It aCts indeed accordr 
ing to a fixed plan, which difplays the higheft degree 
of intelligence ; but this plan may belong, not to the 
vegetative principle itfelf, but to the Being who form- 
ed that principle. We can conceive,it to have been en- 
dowed by the Author of Nature with peculiar powers, 
which it muft always exert according to certain fixed 
laws \ and the phenomena of vegetation may be the re- 
fult of this mode of adting. This, as far as we can fee, 
is not impoflible. It muft be ftiewn to be impoflible 
by every perfon who wilhes to prove that plants poftefs 
confcioulnefs and intelligence ; for the proofs of this 
confcioufnefs can only be deduced from the defign 
which the aftions of plants manifeft. Thofe philofo- 
phers who have aferibed confcioufnefs and intelligence 
to plants, have founded their belief principally on cer- 
tain aftions which plants perform on the application of 
ftimuli. But thefe aftions prove nothing more than 
what cannot be denied, that there exifts a vegetative 
principle, which is not material, and which has certain 
properties in common with the living principles of ani- 
mals ; blit v/hether or not this vegetative principle pof- 
feffes confcioufnefs and intelligence, is a very different 
queftion, and muft be decided by very different proofs. 
We do not fay that the heart of an animal is confcious, 
becaufe it continues to beat on the application of pro- 
per ftimuli for fome time after it has been feparated 
from the reft of the body. ^ ( 

The death of plants, if we can judge from the phe-p)eat^ 0|- 
nomena, is owing, not to the vegetative principle lea-plants, 
ving them, but to the organs becoming at laft altoge- 
ther unfit for performing their funftions, and incapable 
of being repaired by any of the powers which that prin- 
ciple poffeffes. The changes which vegetable fubftan- 
ces undergo after death come now to be examined. 
They ftiall form the fubjeft of the enfuing chapter. 

Chap. 

(g) Phyfiologifts have ufually given it the name of living principle. 
had not been too general for our purpofe. 

We would have adopted that name, if it 
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Bread. CHAP- HI, Op THE DECOMPOSITION OF 

1 Vegetable Substances, 

Not only entire plants undergo decompofition after 
death, but certain vegetable fubilances alio, whenever 
they are mixed together, and placed in proper circum- 
ftanoes, mutually decornpole each other, and new com- 
pound fubftances are produced. Thefe mutual decom- 
pofitions, indeed, are naturally to be expected : for as 
all vegetable fubftances are compofed of feveral ingre- 
dients, differing in the ifrength of their affinity for 
each other, it is to be fuppofed that, when twTo fuch 
fubftances are mixed together, the divellent affinities 
will, in many cafes, prove ftronger than the quiefeent ; 
and therefore decompofttion, and the formation of new 
compounds, muft take place : juft as happens when 
the acetite of lead and fulphat of petals are mixed to- 
gether. 

Thefe mutual decompofitions of vegetable fubftances 
are by no means fo easily traced, or fo readily explain- 
ed, as the mutual decompofitions of neutral falls ; part- 
ly on account of the number of fubftances, whofe affi- 
nities for each other are brought into aftion, and part- 
ly becaufe we are .ignorant of the manner in which the 
ingredients of vegetable fubftances are mutually com- 
bined. 

Chemifts have agreed to give thefe mutual decompo- 
fitions which take place in vegetable fubftances the name 
of fermentation ; a word ftrft introduced into chemiftry 
by Van Helmont * ; and the new fubftances produced 
they have called the products of fermentation. All the 
phenomena of fermentation lay for many years conceal- 
ed in the completeft darknefs, and no chemift was bold 
enough to hazard even an attempt to explain them. 
They were employed, however, and without hefitation 
too, in the explanation of other phenomena } as if gi- 
ving to oT*e procefs, the name of another of wvhich we 
are equally ignorant, could, in reality, add any thing 
to our knowdedge. The darknefs which enveloped 
thefe phenomena has lately begun to difperfe ; but they 
are ftill furrounded with a very thick mill; and we muft 
be much, better acquainted with the compofition of ve- 
getable fubftances, and the mutual affinities of their in- 
gredients, than we are at prefent, before we can explain 
them in a fatisfa&ory manner. 

The vegetable fermentations or decompofitions may 
be arranged under five heads; namely, that which pro- 
duces bread) that which produces nvine., that which pro- 
duces beer) that which produces acetous acid or vinegar) 
and the putrefactive fermentation, or that w'hich produ- 
ces the fpontaneous decompofition of decayed vege- 
tables. Tbefe ffiall be the fubjedt of the five following 
fections. In order to avoid long titles, we ffiall give to 
the firft three feTions the name of the new fubftances 
produced by the f»rmentation. 

Sect. I. Of Brejd. 

Simple as the manufacture of bread may appear to 
us who have been always accuftomed to confider it as a 
common procefs, its difeovery was probably the work 
of ages, and the refult of the united efforts of men, 
whofe fagacity, had they lived in a more fortunate pe- 
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riod of fociety, would have rendered them the rivals of 
Ariftotle or of Newton. 

The method of making bread fimilar to ours was 
known in the Eaft at a very early period; but neither 
the precife time of the difeovery, nor the name of the 
perfon who publifhed it to the world, has been prefer- 
ved. We are certain that-the Jews were acquainted 
with it in the time of Mofes ; for in Exodus * we find* Ch. 
a prohibition to ufe leavened bread during the celebra-v. 15. 
tion of the paffover. It does not appear, however, to 
have been known to Abraham ; for we hear in his hif- 
tory of cakes frequently, but nothing of leaven. E- 
gypt, both from the nature of the foil and the early pe- 
riod at which it was civilized, bids faireft for the difeo- 
very of making bread. It can fcarcely be doubtad 
that the Jews learned the art from the Egyptians. The 
Greeks,affure us that they were taught the art of ma- 
king bread by the god Pan. We learn from Homer 
that it was known during the Trojan war J. The Ro-t if* 
mans were ignorant of the method of making bread tilHlC>‘ 
the year 580, after the building of Rome, or 200 years 
before the commencement of the Chriftian era J. Since j: PHn. 1. IS. 
that period the art has never been unknown in the fouth03?* n* 
of Europe ; but it made its way to the north very flow- 
ly, and even at prefent in many northern countries fer- 
mented bread is but very feldom ufed. 

The only fubftance well adapted for making bread, Subftancea 
we mean loaf bread, is wheat flour, which is compofed which 
of four ingredients; namely, gluten, ftarch, albumen,™3^ 
and a fweet mucous matter, which poffefles nearly the 
properties of fugar, and which is probably a mixture of 
fugar and mucilage. It is to the gluten that wheat' 
flour owes its fuperiority to every other as the bafis of 
bread. Indeed there are only two other fubftances at 
prefent known of which good loaf bread can be made ; 
thefe are rye and potatoes. The rye loaf is by no means 
fo well raifed as the wheat loaf; and potatoes will not 
make bread at all without particular management. Po- 
tatoes, previoufly boiled and reduced to a very fine tough 
palle by a rolling pin, muft be mixed with an equal weight 
of potatoe ftarch. This mixture, baked in the ufual 
way, makes a very white, well raifed, pleafant bread. 
We are indebted for the procefs to Mr Permentier. 
Barley-meal perhaps might be fubftituted for ftarch. 

The baking of bread confifts in mixing wheat flour Baking c£ 
with water, and forming it into a pafte. The average bread, 
proportion of thefe is two parts of water to three of 
flour. But this proportion varies confiderably, accord- 
ing to the age and the quality of the flour. In general, 
the older and the better the flour hi, the greater is the 
quantity of water required. If the pafte, after being 
thus formed, be allowed to remain for fome time, its 
ingredients gradually aft upon each other, and the pafte 
acquires new properties. It gets a difagreeable four 
tafte, and a quantity of gas (probably carbonic acid gas) 
is evolved. In ftiort, the pafte ferments (h). Thefc 
changes do not take place without water ; that liquid, 
therefore, is a neceflary agent. Poffibly it is decompo- 
fed by the aftion of the ftarch upon it; for when ftarch 
is diluted with water, it gradually becomes lour. The 
gluten, too, is altered, either by the aftion of the wa- 
ter on it, or of the ftarch ; for if we examine the pafte 
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(h) It was from this prooefs that Van Helmont transferred the word.fermentation into chemiftry. 
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after it has undergone fermentation, the gluten is no 
longer to be found. If pafte, after Handing for a fuffi- 
cient time to ferment, be baked in the ufual way, it 
forms a loaf full of eyes like our bread, but of a tafte 
fo four and unpleafant that it cannot be eaten. If a 
{mall quantity of this old paile, or leaven as it is called, 
be mixed with new made pafte, the whole begins to 
ferment in a Ihort time ; a quantity of gas is evolved ; 
but the glutinous part of the flour renders the pafte fo 
tough, that the gas cannot efcape ; it therefore caufes 
the palte to fwell in every direction : and if it be now 
baked into loaves, the immenfe number of air bubbles 
imprifoned in every part renders the bread quite full of 
eyes, and very light. If the precife quantity of leaven 
neceflary to produce the fermentation, and no more, has 
been uied, the bread is fulficiently light, and has no 
tinpleafant tafte ; but if* too much leaven be employed, 
the bread has a bad tafte ; if too little, the fermen- 
tation does not come on, and the bread is too corn- 
pad and heavy. To make good bread with leaven, 
therefore, is very difficulty 

The ancient Gauls had another method of ferment- 
ing bread. They formed their pafte in the ufual way; 
and inftead of leaven, mixed with it a little of the-tarnn 
which colledts on the furface of fermenting beer*. 
This mixture produced as complete and as Ipeedy a fer- 
mentation as leaven ; and it had the great advantage of 
not being apt to fpoil the tafte of the bread. About 
the end of the 17th century, the bakers in Paris began 
to introduce this pra&ice into their procefles. The 
practice was difeovered, and exclaimed againft ; the fa- 
culty of medicine, in 1688, declared it prejudicial to 
health ; and it was not till after a long time that the 
bakers fucceeded in convincing the public that bread 
baked with larm is fuperiof to bread baked with lea- 
ven. In this country the bread has for thefe many 
years been fermented with barm. 

What is this barm which produces thefe effeds ? The 
queftion is curious and important ; but we are not able 
to anfwer it completely. Mr Henry of Manchefter has 
concluded, trom a number of very interefting experi- 
ments, that the only ufeful part of barm is carbonic acid 
gas, and that this gas therefore is the real fermenter of 
pafte j'. 

That the barm of beer, in its ufual ftate, contains 
carbonic acid gas, cannot be doubted ; and that carbo- 
nic acid gas ads as a ferment, the experiments of Mr 
Henry prove decilively. But that the only adive part 
of barm is carbonic acid gas, and nothing but carbonic 
gas, is extre fty doubtful, or rather we are certain that 
it is not true. It has been cuftomary with the ba- 
kers of Paris to bring their barm from Flanders and Pi- 
cardy in a ftate of drynefs. When flammed off the 
beer, it is put into facks, and the moifture allowed to 
drop out ; then thefe facks are fubjeded to a ftrong 
preffure, and when the barm is dry it is made up into 

+ Enc.-MV/i. balls f- Now, in this ftate, it is not to be fuppofed 
art. i. *49. bubbles of carbonic acid can remain entangled in 

the barm ; they muft have been fqueezed out by the 
prefs, and by the fubfequent formation of the barm in- 
to balls: yet this barm, when moiftened with water, 
ferments the bread as well as new barm. 

SUBSTANCES. 
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Part I. 
After the bread has fermented, and is properly raifed, Bread, 

it is put into the oven previoufly heated, and allowed v J 

to remain till it be baked. The mean heat of an oven, the 
as afeertained by Mr Tillet, is 448° *. The bakers do oven, 
not ufe a thermomder ; but they judge that the oven Enc.Mttb. 
arrived at the proper heat when flour thrown on the art*,‘17S* 
floor of it becomes black very foon without taking fire. 
We fee, from Tillet’s experiment, that this happens at 
the heat of 448°. ij$ 

When the bread is taken out of the oven, it is found Lefs of 
to be lighter than when put in ; as might naturally havevveisffi _ 
been expeded, from the evaporation of moifture, which 3ine 111 

muft have taken place at that temperature. Mr Tillet, 
and the other commiffioners who were appointed to 
examine this fubjed in confequence of a petition from 
the bakers of Paris, found that a loaf, which weighed 
before it was put into the oven 4.625 lbs. after being 
taken out baked, weighed, at an average, only 3.813^3. 
or 0.812 lb. lefs than the pafte. Confequently 100 
parts of pafte, lofe, at an average,* 17.34 parts, or fome- 
what more than yth by baking*. They found, how- * Ibid. 275* 
ever, that this lofs of weight was by no means uniform, 
even with refped to thofe loaves which were in the 
oven at the fame time, of the fame* form, and in the 
fame place, and which were put in and taken out at the 
fame inftant. The greateft difference in thefe circum- 
ftances amounted to .2889, or 7.5 parts in the hundred, 
which is about -^th of the whole. This difference is 
very confiderable, and it is not eafy to fay to what it is 
owing. It is evident, that if the pafte has not all the 
fame degree of moifture, aud if the barm be not accu- 
rately mixed through the whole, if the fermentation of 
the whole be not precifely the fame, that thefe diffe- 
rences muff take' place. Now it is needlefs to obferve 
how difficult it is to perform all this completely. The 
French commiffioners found, as might indeed have been 
expeded, that, other things being equal, the lofs of 
weight fuftained is proportional to the extent of fur- 
face of the loaf, and to the length of time that it re- 
mains in the oven ; that is to fay, the fmaller the ex- 
tent of the external fueface, or, which is the fame thing, 
the nearer the loaf approaches to a globular figure, the 
fmaller is the lofs of weight which it fuftains; and the 
longer it continues in the oven, the greater is the lofs of 
weight which it iuftains. Thus a loaf which weighed 
exadly 4 lbs. when newly taken out of the oven, be- 
ing replaced as foon as weighed, loft, in ten minutes, 
.125 lb. of its weight, and in ten minutes more it again 
left .0625 lb. f. f Ibid. p. 

Loaves are heavieft when juft taken out of the oven ;»70* 
they gradually7 lofe part of their weight, at leaft if not 
kept in a damp place, or wrapt round with a wet 
cloth (k). Thus Mr Tillet found that a loaf of 4lbs. 
after being kept for a week, wafited .3125, or nearly 
-j'-jth of its original weight J. ’ , \ Ibid. 

When bread is newly taken out of the oven, it has ap f 
peculiar, and rather pleafant fmell, which it lofes by 0£ b

5
rea(li 

keeping ; as it does alfo the peculiar tafte by which 
new bread is diftinguifhed. This ffiews us, that the 
bread undergoes chemical changes; but what thefe 
changes are, or what the peculiar fubftance is to which 
the odour of bread is owing, is not known. 

Bread 

{«) This is an excellent method of preferving bread freffi, and free from mould, for a long time. 
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Wine. Bread differs very completely from the flour of which 
i— v " 1 j8 made, for none of the ingredients of the flour can 

now be difcovered in it. The only chemift who has 
attempted an analyfis of bread is Mr Geoffroy. He 
found that 100 parts of bread contained the following 
ingredients : 

24.735 water* 
32.030 gelatinous matter, extracted by boiling water. 
39.843 reflduum infoluble in water. 

96.608 
3.392 lofs. 

JOO. . . . 
But this analyfis, which was publifhed in the Memoirs 

of the French Academy for the year 1732, was made at 
a time when the infant Hate of the fcience of chemiftry 
did not admit of any thing like acturacy. 

Sect. II. Of Wine. 

Fruits7af- * There is a confiderable number of ripe fruits from 
fording which a fweet liquor may be exprefied, having at the 
vr,ne fame time a certain degree of acidity. Of fuch fruits 

we have in this country the apple, the cherry, the 
goofeberry, the currant, &c. but by tar the moll va- 
luable of thefe fruits is the grape, which grows luxu- 
riantly in the fouthern parts of Europe. From grapes, 
fully ripe, may be exprefled a liquid of a fweet talle, 
to which the name of mtijl has been given. T his li- 
quid is compofed almoit entirely of hve ingredients; 
namely, nuater, fugar, jelly, mucilage, and tartarous acid 
partly faturated with potafs. The quantity ot fugar 
which grapes fully ripe contain is very conliderable ; it 
may be obtained in cryftals by evaporating mult to the 
confidence of fyrup, leparating the tartar which preci- 
pitates during the evaporation, and then letting the 
mult afide for fome months. The cryftals ol fugar are 

178 gradually formed. 
Undergo When muft is put into the temperature of about 70°, 
the vinous ^ j;fferent ingredients begin to ad upon each other, 
lermenta- ^ ^ called vinous ferm£ntation commences. The 

^ phenomena of this fermentation are an inteftiue motion 
in the liquid, its becoming thick and muddy, a tem- 
perature equal to 72.5U* au evolution ol carbonic 
acid gas. In a few days the fermentation ceafes, the 
thick part fublides to the bottom, the liquid becomes 
clear, it has loft much of its faccharine tafte, and alfu- 
med a new one, its fpecific gravity is diminilhed ; and 
in Ihort, it has become the liquid wHl known under the 
name of wine. . 

Now what is the caufe of this fermentation ; what are 
the fubftances which mutually decompofe each other ; 
and what is the nature of the new Jubilance formed ? 

Thefe changes are produced altogether by the mu- 
tual adion of the fubftances contained in muft ; for 
they take place equally well, and wine is formed equally 

§ Fabroni, well in clofe veffels as in the open air 
jlnn.de _ jf t^e muji ge evaporated to the confiftency of a 
Ckirn. xxxi. thJck fyrup) or to a roiy as the elder chemiils termed 
S°2’i79 it, the fermentation will not commence, though the pro- 
For which per temperature, and every thing elfe necellary to pro- 
V'ater’ duce fermentation, be prefent Ij. But if this fyrup be 
|j Stahl, i. airain diluted with water, and placed in favourable cir- 

cumftancts, it will ferment. TherefoVe the prefence of 

BSTANCES. 
water is abfolutely neceflary for the exiftence of vinous 
fermentation. 

If the juice of thofe fruits which contain but littleiugar> 
fugar, as currants, be put into a favourable fituation, 
fermentation indeed takes place, but fo flowly, that the 
produd is not wine, but vinegar : but if a fufficient 
quantity of fugar be added to thefe very juices, wine is 
readily produced. No fubftance whatever can be made 
to undergo vinous fermentation, and to produce wine, 
unlefs fugar be prefent. Sugar therefore is abfolutely 
neceflary for the exiftence of vinous fermentation ; and 
we are certain that it is decompofed during the procels, 
for no fugar can be obtained from properly fermented 0 l8r wine. • a id 

All thofe juices of fruits which undergo the vinous An 

fermentation, either with or without the addition of 
fugar, contain an acid. We have feen already in the 
firft chapter that the vegetable acids are obtained chief- 
ly from fruits. The apple, for inftance, contains ma- 
lic acid ; the lemon, citric acid ; the grape, tartarous 
acid. The Marquis de Bullion has afeertained, that 
mujl will not ferment if all the tartarous acid which it ^ Qiapfa^ 
contains be feparated from it*. We may conclude from ^ 
this, that the prefence of a vegetable acid is abfolutely 
neceffary for the commencement of the vinous fermenta- 
tion. This renders it probable that the eflential part 
of barm is a vegetable acid, or fomething equivalent; 
for if fugar be dilfolved in four times its weight of water, 
mixed with the yeaft of beer, and placed in a ProPeri.£ a/li 
temperature, it undergoes the vinous fermentation f. 

All the juices of fruits which undergo the vinous And jelly 
fermentation contain a quantity of jelly, or mucilage, are necef. 
or of both. Thefe two fubftances refemble each otherlary. 
in fo many particulars, and it is fo difficult to feparate 
them, that we fliall fuppofe they have the fame effect 
in the mixture. The prefence of thefe fubftances ren- 
ders it probable that they alfo are neceflary for the 
vinous fermentation. Perhaps they a£l chiefly by their 
tendency to become acid. 

Thus we fee, that for the produ&ion of wine a cer- 
tain temperature, a certain portion of water, fugar, a ve- 
getable acid, and, in all probability, jolly alf°> i9 necef- 
fary. Mr Lavoifler found that fugar would not fer- 
ment unlefs diffolved in at leail four times its weight of 
water. This feems to indicate that the particles of 
fugar muft be removed to a certain diftance from each 
other before the other ingredients can decompole them. 
The evolution and feparation of carbonic acid gas in 
fuch quantity, Ihews us that the proportion of the car- 
bon and the oxygen of the fugar is dimmilhed. It is 
not certain that the mucilage ol the wine is decompoied 
fo completely as the fugar ; for it has been obkrved, 
that when the muft abounds in mueflage, the wine is ^ 
apt to become four. „ . . . •nernmua- 

When wine is diftilled by means of a iow heat, there 
comes over a quantity ol alcohol, and the remainder iswine< 
a folution of acetous acid. From this fail, it has been 
concluded that wine is compofed of acetous acid and 
alcohol. But that the diftillation occahons a chemical 
change in the ingredients of wine is evident from thi.», 
that Tf we again mix the alcohol and acetous acid, we 
do not reproduce the wine. , , 

Fourcroy has attempted to fliew that alcohol exiit- a 
ready formed ; but his proofs are not concluftve. Pab- 
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roni has fiiewn, that alcohol cannot he obtained from 
new made wine by any other method than diilillation. 
When wine is fatured with very dry earbonat of potafs, 
no alcohol makes its appearance on the furface of the 
mixture, yet a very fmall quantity of alcohol, artificially 
mixed with wine, may be detected by this method. It 
is certain, however, that alcohol exilts ready formed in 
old wine. 

Sect. III. Of Beer. 

The method of making beer was known in the mofl 
remote ages ; we are ignorant to whom the world is in- 
debted for the difeovery of it. Beer is ufually made 
from barley. 

The barley is lleeped in water for about fixty hours, 
in order to faturate it with that liquid. It ought then 
to be removed as fpeedily as poflible, otherwife the wa- 
ter diffolves, and carries off the moil valuable part of 
the grain. This barley is then to be laid in a heap for 
twenty-four hours ; heat is evolved, oxygen gas abforb- 
ed, carbonic acid gas emitted, and germination com-' 
mences with the {hooting forth of the radicle. It is 
then fpread upon a cool floor, dried (lowly, and is after- 
wards known by the name of mah *. 

Malt, previoufiy ground to a courfe powder, is to be 
infufed in a fufficient quantity of pure water, of the 
temperature of iSo0, for an hour. The infufion is then 
to be drawn off, and more water may be added, at a 
higher temperature, till all the foluble part of the malt 
is extracted. This infufion is known by the name of 
<zuort. It has a fweet tafle, and contains a quantity of 
faccharine, and doubtlefs alfo of gelatinous matter. 

When •wort is placed in the temperature of about 
60®, fermentation gradually takes place in it, and the 
very fame phenomena appear which diftinguifh the pro- 
dudlion of wine. The fermentation of wort, then, is 
nothing but a particular cafe of the vinous fermenta- 
tion. But wort does not ferment fo well, nor fo foon, 
nor does it produce nearly fo great a quantity of good 
fermented liquor, as when yeq/l is added to it. The 
reafon of which is, probably, that the fermentation does 
not commence till an acid is generated in the wort, and 
before that happens part of the faccharine contents are 
decompofed ; whereas the yeaft adds an acid, or, at lead, 
fomething equivalent to it, at once. 

Wort ferments in clofe veffels, as Mr Collier afeer- 
tained by experiment, equally well as in the open air. 
Therefore the decompofition is produced entirely by 
the fubftances contained in the wort, without the addi- 
tion of any thing from the air. The quantity of beer 
produced in clofe veflels is much greater than when the 
procefs takes place in the open air. The reafon of 
which is, that in the open air the beer gradually eva- 
porates during the fermentation. Thus Mr Collier 
found that 11 quarts, 3 j- oz. fermented in open veffels, 
loft, in i2 days, 40oz. ; whereas an equal weight, fer- 
mented in clofe veflels, loft only 8 oz. in the fame time. 
Yet the quality of the beer was the fame in each ; for 
equal quantities of both, when diftilled, yielded precifely 
the fame portion of alcohol f. 

Vegetable SUBSTANCES. 
During the fermentation, a quantity of carbonic acid 

gas is conflantly difengaged, not in a ftate of purity, 
but containing, combined with it, a portion of the 
wort ; and if this gas be made to pafs through water, 
it will depolite wort, which may be fermented in the 
ufual manner '*. 

When beer is diftilled, alcohol is obtained, and the 
refiduum is an acid liquor f. The theory of beer is fo 
obvioufly the fame with that of wine that it requires no 
additional, explanation. 
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Sect. IV. Of the Acetous Fermentation. 

187 If wune or beer be kept at a temperature between Subfiances 
70° and 90°, it gradually lofes its properties, and is con-which un- 
verted into acetous acid. * acetous fer 

During this change, a quantity of oxygen gas'is ^eiSon? 
abforbed, and the whole of the fpivituous part of the 
wine or beer difappears. Confequently its ingredients 
naturally decompofed each other. 

Neither pure alcohol, nor alcohol diluted with w'ater, 
are capable 3f undergoing this change, neither do they 
abiorb any oxygen. This abforption, then, is made 
by the mucilaginous matter which always exifts in thefe 
liquids. No acetous acid is ever produced, uidefs fome 
acid he prefent in the liquid. We may conclude, then, 
that the mucilage acquires the properties of an acid 
before it begins to atl upon the fpirituous part of the 
beer or the wine. 

As the acetous acid has been already treated of in 
the article Chemistry, Suppl. it is unneceffary to dwell 
«tny longer on this fubjedl here. 

Sect. V. Of Putrefaction. 
ISS 

All vegetable fubftances, both complete plants and Nature of 
their component parts feparately, when left entirely to Putreflc- 
themfelves, are gradually decotnpofed and deftroyed, * ‘ 
provided moifture be prefent, and the temperature be 
not much under 450, nor too high to evaporate fud- 
denly all the moifture, This decompofition has obtained 
the name oiputrefaftion. 

It proceeds with moll rapidity in the open air ; but 
the contact of air is not abfolutely neceffary. Water 
is, in all cafes, effential to the procefs, and therefore is 
moft probably decompofed. 

Putrefaction is conftantly attended with a fetid 
odour, owing to the emillion of certain gafeous matters, 
which differ according to the putrefying fubfiance. 
Some vegetable fubftances, as gluten, and cruciform 
plants, emit ammonia; others, as onions, feem to emit 
phofphorated hydrogen gas. Carbonic acid gas, and * 
hydrogen gas, impregnated with unknown vegetable 
matters, are almoft conllantly emitted in abundance. 
When the whole procefs is finifhed, fcarcely any thing 
remains but the earths, the fults, and the metals, which 
formed a conftituent part of the vegetable. But our 
chemical knowledge of vegetable compounds is by far 
too limited to enable us to follow this very complicated 
procefs with any cftance of fuccefs. 

PART 
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Part II. Of Animal SUBSTANCES. 

ed 

Ingredients *¥T THEN we compare animals and vegetables to- 
oi animdls, YV gether, each in their moft perfect Hate, nothing 

1 
Fl ”na' can be ealier than to diftlnguiih them. The plant is 

xSp confined to a particular fpot, and exhibits no marks of 
Claffes (<f confcioufnefs or intelligence ; the animal, on the con- 
animals and^rary9 Can remove at pleafure from one place to another, 
vegetables. ig poffeffed of confcioufnefs, and a high degree of in- 

telligence. But on approaching the contiguous extre- 
mities of the animal and vegetable kingdom, thefe fin- 
king differences gradually difappear, the obje<fts acquire 
a greater degree of refemblancc, and at lall approach 
each other fo nearly, that it is fcarcely poflible to de- 
cide whether fome of thofe fituated on the very boundary 
belong to the animal or vegetable kingdom. 

Difficult!y To draw a line of didindtion, then, between animals 
difUnguifh- and vegetables, would be a very difficult tafk ; but it is 

not neceffary for us, in this place at lead, to attempt it ; 
for almod "the only animals whofe bodies have been 
hitherto examined with any degree of chemical accu- 
racy, belong to the mod perfeft clafies, and confequent- 
lv are in no danger of being confounded with plants. 
Indeed the greater number of fabis which we have to 
relate, apply only to the human body, and to thofe of 
a few domeilic animals. The talk of analyfmg all ani- 
mal bodies is immenfe, and mud be the work of ages of 
indefatigable irdudry. 

We fhall divide this Part of the article into four 
chapters. In the fad chapter, we fhall give an account 
of the difl'erent ingredients hitherto* found in animals, 
fuch of them at lead as have been examined with any 
degree of accuracy : in the fecond, we fhail treat of the 
different members of which animal bodies are compo- 
fed ; which mud confid each of various combinaticfcs of 
flie ingredients deferibed in the fird chapter : in the 
third, we fhall treat of thofe animal fun&ions which 
may be elucidated by chenudry : and, in the fourth, of 
the changes which animal bodies undergo uftei death. 

Chat. 1. Of the Ingredients of Animals. 

The fubdances which have been hitherto detedied 
in the animal kingdom, and of which the different parts 
of animals, as far as theie parts have been analyfed, are 
found to be compofed, may be arranged under the fol- 
lowing heads: 

1. pibrina, 8. Sulphur, 
2. Albumen-, 9* Oils, 
3. Gelatine, 10. Acids, 
4. Mucilage, 1 l. Alkalies, 
5. Bafis of bile, 12. Earths, 
6. Urea, 13. Metals. 
7. Sugar, > . 

Thefe fhall form the fubje&of the following fedlions: 
Sect. 1. 0/ Fibrina. 

If a quantity of blood,, newly drawn from an animab 
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be allowed to remain at red for fome time, a thick red ,Albumen-f 
clot gradually forms in it, and fubfides. Separate this 
clot from the red of the blood, wafh it repeatedly in Fibrina 
water till it ceafes to give out any colour or tade tohowob- 
the liquid ; the lubdance whfch remains after thistained* 
procefs is denominated Jibrwa. It has been long 
known to phyficians under the name of the jibrous part 
of the blood, but has not till lately been accurately de- 
feribed. > 193 

Fibrina is of a white colour, lias no tade, and is in-Its proper* 
foluble in water and in alcohol. It is left and duftile,1168' 
has a coniiderable degree of eladicity, and refembles very 
much the gluten of vegetables. 

Pure fixed alkalies do not a£t upon it, unlefs they be 
very much concentrated, and then they decompole it. 
All the acids combine with it readily, and diflblve it. 
Water and alkalies feparate it again ; but it has lod en- 
tirely its former properties. With muriatic acidit forms 
a green coloured jelly. 

When nitric acid is poured upon fibrina^ azotic gas 
is difengaged, as Berthollet fird difeovered. The 
quantity of this gas is greater than can be obtained from 
the fame quantity of other animal fubdances by the 
fame procefs *. After this, profile acid and carbonic* Foureray, 
acid gas are exhaled. By the affidance of heat the 
brina is diffolved ; much nitrous gas is difengaged ; die 
liquid, when concentrated, yields oxalic and malic acids; 
and white flakes are depofited, confiding of an oily fub- 
dance, and of phofpat of lime f. f Fountoy. 

When fibrina is diddled, it yields a very large quan- 
tity of ammonia 

Thefe properties are fufficient to fiiew Os that this 
fubdance is compofed of azot, hydrogen, and carbon ; 
but neither the precife-proportion of thefe ingredients, 
nor the manner of their combination, are at prefent 
known. 

Sect. II. Of Albumen. 1()4 

The eggs of fowls contain two very different M>-contained 
dances : "a yellow oily-like matter, called theyote ; andin Eggs, 
a coloiirlefs glo’fly vifeid liquid, didinguifhed by the 
name of ivhite'. I his lad is the fubdance which che* 
mids have agreed to denominate albumen (l). The 
white of an egg, however, is not pure albumen. It 
contains, mixed with it, fome carbonat of foda, and 
fome fulphur; but the quantity of thefe fubdances is 
fo fmall that they do not muth influence its properties. 
We fhall therefore confider it as albumen. _ - 

On the application of a heat «t 165 § it coagulates, 
as is well known, into a white folid mafs ; the confid-OoaguJated 
ency of which, when other things are equal, depends,by heat, 
in fome meafure, on the time during which the heat 
was applied. The coagulated mafs has precifely the 
fame weight that it had while fluid. 

The tade of coagulated albumen is quite different 
from that of liquid albumen : its appearance, too, and- 

its 

(l) This is merely the Latin term for the white of an egg. 
phyfiologids. 

It was fird introduced into chcmidry by the 
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^Albumen, its properties, are entirely changed; for it is no longer 

^9^ foluble, as before, either in hot or in cold water, 
jphenome- coagulation of albumen takes place even though 
na of this air be completely excluded; and even when air is 
coagula- prefent there is no abforption of it, nor does albumen 

^Carradori coagl^at*ng change its volume *. Acids have the 
Ann.de ’property of coagulating albumen, as Scheele afeertain- 
Chim xxix ed f. Alcohol alfo produces, in fome meafure, the 
9s* . _t fame efteil. Heat, theji, acids alcohol, are the agents 
iScbeele, li which may be employed to coagulate albumen. 

It is remarkable, that if albumen be diluted with a 
iufficient quantity of water, it can no longer be coagu- 
lated by any of thofe agents. Scheele mixed the white 
-of an egg with ten times its weight of water, and then, 
though he even lolled the liquid, no coagulum appear- 
ed. Acids indeed, and alcohol, even then coagulated 
it; but they alfo lofe their power, if the albumen be di- 
luted with a much greater quantity of water, as has 
been afeertained by many experiments. Now we know, 
that when water is poured into albumen, not only a me- 
chanical mixture takes place, but a chemical combina- 
tion ; for the albumen is equally diftributed through 
every part of the liquid. Confequently its integrant 
particles muft be farther feparated from each other, and 
their diftance mufl increafe with the quantity of water 
with which they are diluted. We fee, therefore, that 
albumen eeafes to coagulate whenever its particles are 
feparated from each other beyond a certain diftance. 
That no other change is produced, appears evident 
from this circumftance, that whenever the watery folu- 
tion of albumen is fufficiently concentrated by evapora- 
tion, coagulation takes place, upon the application of 
the proper agents, precifely as formerly. 

It does not appear that the diftance of the particles 
of albumen is changed by coagulation ; for coagulated 
albumen occupies precifely the fame fenfible fpace as li- 

* Carradcri. quid albumen*. 
*97 Thus two things feem certain refpe&ing the coagu- 

iatl'on albumen ; j. That its particles muft not be be- 
caufe. yond a certain diftance ; 2. That the coagulation does 

not produce any fenlible change in their diftance. To 
‘what, then, is the coagulation of albumen owing ? We 
can conceive no change to take place from a ftate of li- 
quidity to that of folidity, without fome change in the 
figure of the particles of the body which has undergone 
that change : for if the figure and the diftance of the 
particles of bodies continue the fame, it is impoffible to 
conceive any change at all to take place. Since, then, 
the diftance of the particles of albumen does not, as far 
at leaft as we can perceive, change, we muft conclude 
that the figure of the particles actually does change. 
Now fuch a change may take place three ways ; i. The 
figure may be changed by the addition of fome new 
molecules to each of the molecules of the body. 2. 
Some molecules may be abftra&ed from every integrant 
particle of the body. 3. Or the molecules, of which 
the integrant particles are compofed, may enter in- 
to new combinations, and form new integrant par- 
ticles, whofe form is different from that of the old 
integrant particles. Some one or other of thefe three 
things muft take place during the coagulation of al- 
bumen. 

1. Scheele and Fourcroy have aferibed the coagula- 
tion of albumen to the firft of thefe caufes, namely, to 
the addition of a new fubftance. According to Scheele, 

Part IL 
caloric is the fubftance which is added. Fourcroy, on Albumen, 
the contrary, affirms that it is oxygen.  y—j 

Scheele fupported his opinion with that wonderful 
ingenuity which fhone fo eminently in every thing 
which he did. He mixed together one part of white 
of egg and four parts of water, added a little pure al- 
kali, and then dropt in as much muriatic acid as was 
fufficient to faturate the alkali. The albumen coagu- 
lated ; but when he repeated the experiment, and ufed 
carbonat of alkali inftead of pure alkali, no coagula- 
tion enfued. In the firft cafe, fays he, there was a 
double decompofition : the muriatic acid feparated from 
a quantity of caloric with which it was combined, and 
united with the alkali : while, at the fame inftant, the 
caloric of the acid united with the albumen, and caufed 
it to coagulate. The fame combination could not take 
place when the alkaline carbonat was ufed, becaufe the 
carbonic acid gas carried oft the caloric, for which it 
has a ftrong affinity *. * 

This explanation is plaufible; but it is contrary to ii, 
every other known faft in chemiftry, to fuppofe that 
caloric can combine with a fubftance without occafion- 
ing any alteration in its bulk, and cannot therefore be 
admitted without the moft rigid proof. 

Fourcroy obferves, in fupport of his opinion, that 
the white of an egg is not at firft capable of forming a 
hard coagulum, and that it only acquires that property 
by expofure to the atmofphere. It is well known that 
the white of a new laid egg is milky after boiling ; and 
that if the ffiell be covered over with greafe, to exclude 
the external air, it continues long in that ftate ; where- 
as the white of an old egg, wdiich has not been prefer- 
ved in that manner, forms a very hard tough coagu- 
lum. Thefe fads are undoubted ; and they render it 
exceedingly probable, that albumen acquires the pro- 
perty of forming a hard coagulum only by abforbing 
oxygen : but they by no means prove that coagulation 
itfelf is owing to fuch an abforption. And fince coa- 
gulation takes place without the prefence of air, and 
Imce no air, even when it is prefent, is abforbed, this 
opinion cannot be maintained without inconfiftency. 

2. Fhe only fubftance which can be fuppofed to 
leave albumen during coagulatjon, fince it does not lofe 
weight, is caloric. We know that in moft cafes where 
a fluid is converted into a foil'd, caloric is adually dif- 
engaged. It is extremely.probable, then, that the fame 
difengagement takes place here. But the opinion has 
not been confirmed by any proof. Fourcroy indeed 
fays, that in an experiment made by him, the thermo- 
meter rofe a great number of degrees. But as no other 
perfon has ever been able to obferve any fuch thing, it 
cannot be doubted that this philofopher has been milled 
by fome circumftance or other to which he did not at- 
tend f. It is ufual, in many cafes, for bodies to lofe^ Thomfon't 
bulk wffien they give out caloric ; but that there are ex-Fourcroy, 
ceptions to this rule, is well known. iii. 471. 

3. Even if the fecond opinion were true^, it is fcarce- 
ly poffible to conceive the coagulation of albumen to 
take place without fome change in its integrant parti- 
cles. We can fee how all the fubftances which coagu- 
late albumen might produce' fuch a change ; and the 
infolubility of coagulated albumen in water, and its other 
different properties, render it more than probable that 
fome fuch change actually takes place. But what that 
change is, cannot even be conje&ured. 

Animal SUBSTANCES 

The 
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Chap. I. Animal SU 
Gelatine. The coagulation of albumen is intimately connected 

   — w;th one of the moft important problems in chemiftry, 
I5? namely, the caule of fluidity and folidity. But this 

rXuten problem can only be refolved, with any profpea of fuc-' 
* cefs, by a geometrical inveftigation of the phenomena 

of heat. _ . 
Coagulated albumen is diflblved by the mineral acids, 

greatly diluted with water ; and if a concentrated acid 
be added to the folution, the albumen is again preciph 

* Schtele tatec^ *• Alkalies, however, do not precipitate it from 
j;.57. ’ its folution in acids f. But if a folution of tan be 
f Vauquelin,goured into the acid folution of albumen, a very copi- 
^n.n‘de ■ ous precipitate appears Unm-' XX1X> jf the folution of tan be poured into an aqueous fo- 

lution of uncoagulated albumen, it forms with it a very 
copious precipitate, which is infoluble in water. This 
precipitate is a combination of tan and albumen. This 
property which albumen has of precipitating with tan, 
was difcovered by Seguin $ : it furniflies us with a me- 
thod of detecting the prefence of albumen in any liquid 

tml, i. 471. in which we fufpedl it. 
Pure alkalies and lime water alfo diflblve albumen; 

at the fame time ammonia is difengaged, owing to 
the decompofition of part of the albumen. Acids pre- 
cipitate the albumen from alkalies, but its properties 
are changed *. 

a/- Nitric acid, - when afiifted by heat, difengages azotic 
andBerthol-§as from albumen f 5 but the quantity is not fo great 
let. as may be obtained from fibrina Phe albumen is 
} Fcunroy, gradually diffolved, nitrous gas is emitted, oxalic and 
•Jinn-‘le. malic acids are formed, and a thick oily matter makes 
8 Scheele^ its appearance on the lurfacej. When diftilled, it fur- 
Crdi's An- nifhes the fame produils as fibrina, only the quantity of 

ii. 17. ammonia is not fo great ||. 
Hence it follows, that albumen is compofed of azot, 

II PWm-cv, hydrogen, and carbon, as well as fibrina ; but the pro- 
Ann. de portion of azot is not fo great in the firft fubftance as 
Chim. i 43. {n tlie fecond. 

Sect III. Of Gelatine. * 

Gelatine If a piece of the frefh fl<in of an animal, an ox for 
bow ob- inftance, after the hair and every impurity is carefully 
taintd. feparated, be wafhed repeatedly in cold water, till the 

liquid ceafes to be coloured, or to abfltadt any thing , 
if the fldn, thus purified, be put into a quantity of pure 
water, and boiled for fome time, part of it will be diffol- 
ved. Let the deco&ion be flowly evaporated till it is 
reduced to a fmall quantity, and then put afide to cool. 
When cold, it will be found to have aflumed a fohd 
form, and to refemble precifely that tremulous fubftance 
well known to every body under the name of jelly. 
This is the fubftance called in chemiftry gelatine. If 
the evaporation be ftill farther continued, by expofing 
the gelly to dry air, it becomes hard, femitvanfparent, 
breaks with a glafly fradfure, and is in fhort the fub- 
■ftance fo much employed in different arts under the 
name of glue. Gelatine, then, is piecifel} the fame 
with glue ; only that it muft be fuppofed always free 
from thofe impurities with which glue is fo olten con- 

^ laminated. , , . , . 
Its nrorer- Gelatine is tranfparent and colourlefs ; when thrown 
tiei into water, it very foon fwells, and aflumes a gelatinous 

form, and gradually diffolves completelyBy evapora- 
ting the water, it may be obtained again unaltered in 
the form of jelly. 

B STANCES. 575 
When an infufion of tan is dropt into a folution 

of gelatine in water, there is inftantly formed a copious   
uc‘ age‘. 

white precipitate, which has all the properties of lea- 
ther. This precipitate is compofed of tan and gela- 
tine. Thefe two fubftances, therefore, when combined, 
form leather. Albumen and gelatine are the only ani- 
mal fubftances knowm which have the property of com- 
bining with tan, and forming with it an infoluble com- 
pound. They may be always eafily detected, therefore, 
by means of tan ; and they may be readily diftinguiftied 
from each other, as albumen alone coagulates by heat, 
and gelatine alone concretes into a jelly. 

Gelatine is infoluble in alcohol, and is even precipi- 
tated from water by it; but both acids and alkalies dif- 
folve it. Nitric acid difengages from it a fmall quan- 
tity of azotic gas ; diflblves it, when aflifted by heat, 
excepting an oily matter, which appears on the furface 
of the folution ; and converts it, partly into oxalic and 
malic acids*. * Scl tele. 

When diftilled, there comes over firft water, contain-.9'^^™'’ 
ing fome animal matter; the gelatine then fwells, be-T^fp 
comes black, emits a fetid odour, accompanied with acrid 
fumes : Some empyreumatic oil then comes over, and 
a very fmall quantity of carbonat of ammonia: its coaly 
refiduum remains behind. Thefe phenomena ftiew, that 
gelatine is compofed of carbon, hydrogen, and azot; 
but the proportion of azot is evidently much fmaller 
than in either fibrina or albumenf. Arl^de^* 

Chin:, i. 4*» 
Sect. IV. Of Animal Mvcilage. 

No word in chemiftry is ufed with lefs accuracy than 
mucilage. It ferves as a common name for almoft every 
animal fubftance which cannot be referred to any other 
clafs. 

None of the fubftances to which the name of animal 
mucilage has been given, have been examined with care ; 
of courfe it is unknown whether thefe fubftances be the 
fame or different. , 201 

Whether an animal fubftance poffefles the.following Pmpertiei 
properties, it is at prefent denominated an animal muci-j’- ^UC1‘ 
lage by chemifts. 

1. Soluble in water. 
2. Infoluble in alcohol. 
3. Neither coagulable by heat, nor concreting into a 

gelly by evaporation. 
4. Not precipitated by the folution of tan. 
Moft of the fubftances called mucilage have alfo the 

property of abforbing oxygen, and of becoming by that 
means infoluble in water. 

The mucilaginous fubftances* {hall be pointed out in 
the next chapter. In the prefent ftate of our know- 
ledge, any account of them here would merely be a re- - 
petition of the properties juft mentioned. 

Sect. V. Of the Basis of Bile. # ^ 

Into 32 parts of frefli ox bile pour one part of con-Bafis of bile 
centrated muriatic acid. After the mixture has flood 
for fome hours, pafs it through a filter, in order to fe-taiue 5 

parate a white coagulated fubftance. Pour the filtrated 
liquor, which has a fine green colour, into a glafs veffel, 
and evaporate it by a moderate heat. When it has ar- 
rived at a certain degree of concentration, a green co- 
loured fubftance precipitates. Decant off the clear li- 
quid, and wafh the precipitate in a fmall quantity of 
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Animal SUBS 
pure water. This precipitate is the baf.s of bile, or the 
refin of bile, as it is fometimes called*. 

The balls of bile is of a black colour ; but when 
fpread out upon paper or on wood, it is green : its tafte 
is intenfely bitterf. 

When heated to about 122?, it melts ; and if the 
heat be it ill farther increafed, it takes fire, and burns 
with rapidity. It is foluble in water, both cold and 
hot, and ttill more foluble in alcohol; hut water preci- 
pitates it from that liquid^:. 

It is foluble alfo in alkalies, and forms with them a 
compound which has been compared to a foap. Acids, 
when fuihciently diluted, precipitate it both from wa- 
ter and alkalies without any change ; but if they be 
concentrated, the precipitate is rediffolved^. 

When diitilled, it furnifhes tome'lebacicj]. 
From thele properties, it is clear that the bafis of 

bile has a confiderable refemblance to oils ; but it dif- 
fers from them entirely in feveral of its properties. The 
addition of oxygen, with which it combines readily, al- 
ters it fomewhat, and brings it itill nearer to the clafs 
of oils. 

In this altered date, the bafis of bile may be obtain- 
ed by the following procefs. Pour oxy-muriatic acid 
cautioully into bile till that liquid lofes its green colour ; 
then pafs it through a filter to feparate fome albumen 
which coagulates. Pour more oxy-muriatic acid into 
the filtered liquid, and allow the mixture to repofe for 
fome time. The oxy-muriatic acid is gradually con- 
verted into common muriatic acid ; and in the mear\ 
time the bafis of bile abforbs oxygen, and acquires new 
properties. Pour into the liquid, after it has remained 
a fufficient time, a little common muriatic acid, a white 
precipitate immediately appears, which may be fepara- 
ted from the fluid. This precipitate is the bafis of bile 
combined with oxygen. 

It has the colour and the confidence of tallow, but 
Hill retains its bitter tafie. It melts at the temperature 
of 104°. It diffolves readily iu alcohol, and even in 
water, provided it be affifted by heat. Acids precipi- 
tate it from thefe folutions^[. 

Sect. VI. Of Urea. * 

Evaporate, by a gentle heat, a quantity of human 
urine voided fix or eight hours after a meal, till it be 
reduced to the confifience of a thick fyrup. In this 
Hate, when put by to cool, it concretes into a cryftalline 
mafs. Pour, at different times, upon this mafs four 
times its weight of alcohol, and apply a gentle heat ; 
a great part of the mafs will be diffolved, and there 
will remain only a number of faline fubftances. Pour 
the alcohol folution into a retort, and diitil by the heat 
of a fand bath till the liquid, after boiling fome time, is 
reduced to the conliftence of a thick fyrup. The whole 
of the alcohol is now feparated, and what remains in 
the retort cryftallizes as it cools. Thefe cryftals confiff 
of the fubilance known by the name of urea*. 

This fubftance was firff deferibed by Rouelle the 
Younger in 1773, under the name of iUe fapenaceous 
extract of urine. He mentioned feveral of its pro- 
perties ; but very little was known concerning its na- 
ture till Fourcroy and Vauquelin publiflied their ex- 
periments on it in 1799. Thefe celebrated che- 
milts have given it the name of urea, which we have 
adopted. 

TANGES. Parc II. 
Urea, obtained iu this manner, baa the form of cry. Urea, 

ftalline plates croffing each other in different directions.1 " 1 v ^ 
Its colour is yellowifli white ; it has a fetid fmell, fome-jtgpr

2° 
what refembling that of garlic or arfenic ; its tafte isties. 
ftrong and acrid, refembling that of ammoniacal falts ; 
it is very vifeid and difficult to Cut, and has a good 
deal of reiemblance to thick honevp. When expofedf Fourcr of 
to the open air, it very foon attracts tnoifture, and Vau- 
converted into a thick brown liquid. It is extremely ’ Ann' 
foluble in water; and during its folution, a confiderablexxs,j*p’3^ 
degree of cold is produced^;. Alcohol diffolves it with}: Ibid. p. 
facility, but fcarcely in fo large a proportion as water. 8!** 
The alcohol folution yields cryftals much more readily 
on evaporation than the folution in water. 

When nitric acid is dropt into a concentrated folution 
of urea.in water, a great number of bright pearl colour- 
ed cryllals are depofited, compofed of urea and nitric 
acid. No other acid produces this lingular effedt. The 
concentrated folution of urea, in water is brown, but it 
becomes yellow when diluted with a large quantity of 
water. The infufion of nut-galls gives it a yellowilh 
brown colour, but caufes no precipitate. Neither does 
the infufion of tan produce any precipitatejj. |j U;ym 

When heat is applied to urea, it very loon melts, 2.07 
fwells up, and evaporates, with an infupportably fetid (tscornPc'' 
odour. When diftfiled, there comes over firft benzoic n,"ut Par'^' 
acid, then carbonat of ammonia in cryftals, fome carbo- 
nated hydrogen gas, with traces of pruffic acid and oil ; 
and there remains behind a large refiduum, compofed of 
charcoal, muriat of ammonia, and muriat of foda. The 
diftillation is accompanied with an almoft infupportably 
fetid alliaceous odour. Two hundred and eighty-eight 
parts of urea yield by diftillation 200 parts of carbonat 
of ammonia, 10 parts of carbonated hydrogen gas, 7 
parts of charcoal, and 68 parts of benzoic acid, muriat 
of foda, and muriat of ammonia. Thefe three laft in- 
gredients Fourcroy and Vauquelin confider as foreign 
lubftances, feparated from the urine by the alcohol at 
the fame time with the urea. Hence it follows, that 
100 parts of urea, when diftilled, yield 

92.027 carbonat of ammonia, 
4.608 carbonated hydrogen gas, 
3.225 charcoal. 

99.860 
Now 200 paits of carbonat of ammonia are compofed 
of 86 ammonia, 90 carbonic acid gas, and 24 water. 
Hence it follows, that too parts of urea are compofed 
of 39.5 oxygen, 

32.5 azot, 
14.7 carbon, 
13.3 hydrogen. 

ioo.t> 
But it can fcarcely be doubted, that the water which 
was found in the carbonat of ammonia exiffed ready 
formed in the urea before the diftillation^]. ^ 

When the folution of urea in water is kept in a boil- 
ing heat, and new water is added as it evaporates, the 
urea is gradually deeompofed, a very great quantity of 
carbonat of ammonia is difengaged, and at the lame 
time acetous acid is formed, and fome chardoal precipi-# p, 
tales*. . _ 96. 

When a folution of urea in water is left to itfelf for soS 
fome time, it is gradually decompofed. ^rot^ decom- 

le£ts pofition. 
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Urea, lefts on its furface ; air bubbles are emitted which have 
 a {Irong difagreeable fmell, in which ammonia a^d ace- 

tons acid are diftinguifhable. The liquid contains a 
quantity of acetous acid. The decompofition is much 
more rapid if a little gelatine be added to the folution. 
In that cafe more ammonia is difengaged, and the pro- 

* Portion of acetous acid is not fo great*. 
juelin Ann When the folution of urea is mixed wbh one fourth 
dl Chim of its weight of diluted fulphuric acid, no effci velcence 
xxxii.p. 96.jaues place j but, on the application of heat, a quantity 

Aftion^of 01^ aPPears °!1 ^ie Surface, which concretes upon 
acids. cooling ; the liquid, which c: mes over into the receiver, 

contains acetous acid, and a quantity of fulp'aat of 
ammonia remained in the retort difiblved in the uadi* 
Hilled mafs By repeated diflillations, the whole of 

f Ibid. p. the urea is converted into acetous acid and ammonia-j-. 
*04* When nitric acid is poured upon cryftallized urea, a 

violent effervefcence takes place, the mixture frothes, 
affiimes the form of a dark red liquid, great quantities 
of nitrous gas, azotic gas, and carbonic acid gas, are 
difengaged. When the effervefcence is over, there re- 
mains only a concrete white matter, with fome drops of 
reddifh liquid. When heat is applied to this refiduum, 
it detonates like nitrat of ammonia. Into a folution of 
urea, formed by its attra&ing moulure from the atmo- 
fphere, an equal quantity of nitric acid, of the fpecific 
gravity 1*460, diluted with twice its weight of water, 
was added; a gentle effervefcence enfued : very gentle 
heat was applied, which fupported the elfervefcence for 
two days. There was difengaged the firft day a great 
quantity of azotic gas and carbonic acid gas ; the fe- 
cond day, carbonic acid gas, and at laft nitrous gas. At 
the fame time with the nitrous gas an odour was per- 
ceivable of the oxygenated pruffic acid of Berthollet. 
At the end of the fecond day, the matter in the retort, 
which was become thick, took fire, and burnt with a 
violent explofion. The refiduum contained traces of 
pruflic acid and ammonia. The receiver contained a 
yellowilh acid liquor, on the furface of which fome 
drops of oil fwamj. 

Muriatic acid diflolves urea, but does not alter it. 
Oxy-muriatic acid gas is abforbed very rapidly by a 
diluted folution of urea ; »fmall whitifh flakes appear, 
which foon become brown, and adhere to the fides of 
the veffel like a concrete oil. After a confiderable quan- 
tity of oxy-muriatic acid had been abforbed, the folu- 
tion, left to itfelf, continued to effervefee exceeding 
flowly, and to emit carbonic acid and azotic gas. Af- 
ter this elfervefcence was over, the liquid contained mu- 
riat and carbonat of ammonia. 

Urea is diflblved very rapidly by a folution of potafs 
or foda ; and at the fame time a quantity of ammonia is 
difengaged, the fame fubftance is difengaged when urea 
is treated with barytes, lime, or even magnefia. Hence 
it is evident, that this appearance muft be aferibed to the 
muriat of ammonia, with which it is conftantly mixed. 
When pure folid potafs is triturated with urea, heat is 
produced, a great quantity of ammonia is difengaged. 
The mixture becomes brown, and a fubftance is depo- 
fited, having the appearance of an empyreumaUc oil. 
One part of urea and two of potafs, diflblved in four 
times its weight of water, when diftilled give out a 
great quantity of ammoniacal water $ the refiduum con- 

| Ibid. tained acetite and carbonat of potafs||. 
When muriat of foda is diflblved in a folution of urea 

Suppl. Vol. II. Part II. 

$ Ibid, p, 
I07. 
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in water, it is obtained by evaporation, not in cubic 
cryftals, its ufual form, but in regular oftohedrons. 
Muriat of ammonia, on the contrary, which cryflallizes 
naturally in o&ohedrons, is converted into cubes, by 
diflolving and cryftallizing it in the folution of urea. 

Such are the properties of this lingular fubftance, as 
far as they have been afeertained by the experiments of 
Fourcroy and Vauquelin. It differs from all animal 
fubftances hitherto examined, in the grea: proportion of 
azot which enters into its compofition, and in the faci- 
lity with which it is decompofed, even by the heat of 
boiling water. ^ 

Sect. VII. Of Sugar. 

Sugar has been already deicribed in the former part- 
of this article as a vegetable i'ubftance ; nothing there- 
fore is neceffary here but to poinfout the different 
ftates in which it is found in animals. It has never in- 
deed been found in animals in every refpeft fimilar to 
the fugar of vegetables ; hut there are certain animal 
fubftances which have fo many properties in common 
with fugar, that they can fcarcely be arranged under 
any other name. Thefe fubftances are, 

1. Sugar of milk, 
2. Honey, 
3. Sugar of diabetic urine. an 

1. The method of obtaining fugar of milk has 
already detailed in the article Chemistry, ng. 488. to 
which we refer the reader. For an account of its pro- 
perties, we are indebted to the obfervations of Mr Lich- 
tenftein. 

When pure, it has a white colour, a fweetilh tafte, 
and no fmell. Its cryftals are femitranfparent regular 
parallelepipeds, terminated by four-fided pyramids. Its 
fpecific gravity, at the temperature of 550, is 1.543. 
At that temperature, it is foluble in feven times its 
weight of water ; but is perfe&ly infoluble in alcohol. ; 
When burnt, it emits the odour of caromel, and exhi- 
bits precifely the appearance of burning fugar. When 
diftilled, it yields the fame produ&s as fugar, only the , Scliele 
empyreumatic oil obtained has the odour of benzoic j;, 70. * 
acid§. aI> 

2. Honey is prepared by bees, and perhaps rather ^ 
belongs to the vegetable than the animal kingdom. It 
has a white or yellowilh colour, a foft and grained con- 
fiftence, a faccharine and aromatic fmell; by means of 
alcohol, and even by water, with peculiar management, 
a true fugar is obtained ; by dillillation it aftords an 
acid phlegm and an oil, and its coal is light and fpongy 
like that of the mucilages of plants. Nitric acid ex- 
tra&s the oxalic acid, which is entirely fimilar to that 
of fugar ; it is very foluble in water, with which it 
forms a fyrup, and like fugar paffes to the vinous fer- 
mentation*. Fourcroy* 

3. The urine of perfons labouring under the difeafe 
known to phyficians by the name of diabetes, yields, 
when evaporated, a confiderable quantity of matter, 
which poffeffes the properties of fugar. 

Sect. VIII. Of Oils. 

The oily fubftances found in animals may be arran-FixedoiWl 
ged under three heads: 1. Fixed oils; 2. Fat; 3. Sper- 
maceti. 

1. The fixed oils are obtained chiefly from different 
kinds of fifii, as the whale, &c. j and they are diftin- 

4 D guilhed 
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fon's Jour- 
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guifhed by the name of the animal from which they are 
obtained, as whale oil, 8cc. Thefe oils agree in their 
properties with other fixed oils ; which have been al- 
ready deferibed in the article Chemistry, Part IT. 
Chap. iii. Suppl. 

2. Fat, or rather tallow, is a well known animal fub- 
(lance, much employed in the manufacture of candles 
and foap. 

It has a white colour, often with a fhade of yellow. 
When frefh, it has no fmell, and but little tafte. While 
cold, it is hard and brittle ; but when expofed to the 
heat of 92°, it melts, and aflumes the appearance of oil. 
The fat, however, which is extradted from flefh by boil- 
ing, does not melt till it reach the temperature of 1270*. 
Tallow and fat, in other refpedts, have the properties 
of fixed oils. They feem to be compofed of a fixed oil 
combined with febacic acid. When Itrongly heated, 
with contact of air, it emits a fmoke of a penetrating 
fmell, which excites tears and coughing, and takes tire 
when fufficiently heated to be volatilized : the charcoal 
it affords is not abundant. If fat be diftilled on a wa- 
ter-bath, an infipid water, of a flight animal fmell, is ob- 
tained, which is neither acid nor alkaline, but which 
foon acquires a putrid fmell, and depofits filaments of 
a mucilaginous nature. This phenomenon, which takes 
place with the water obtained by diftillation on the wa- 
ter bath from any animal fubftance, proves, that this 
fluid carries up with it a mucilaginous principle, which 
is the caufe of its alteration. Fat, diftilled in a retort, 
affords phlegm, at firft aqueous, and afterwards flrong- 
ly acid ; an oil, partly liquid, and partly concrete ; and 
a very fmall quantity of charcoal, exceedingly difficult 
to incinerate, in which Crell found a fmall quantity of 
phofphat of lime. Thefe produces have an acid and 
penetrating fmell, as ftrong as that of fulphurous acid. 
The acid is the fehacic. 

3. Spermaceti, is an oily, concrete, cryflalline, femi- 
tranfparent matter, of a peculiar fmell, which is ta- 
ken out of the cavity of the cranium of the cachalot; 
k is purified by liquefa&ion, and the feparation of an- 
other fluid and inconcrefcible oil, with which it is mix- 
ed. This fubllance exhibits very Angular chemical 
properties ; for it refembles fixed oils in fome refpe&.s, 
and volatile oils in others. 

When heated to the temperature of I33°t it melts; 
and if the heat be increafed, it evaporates without much 
alteration. When repeatedly diflilled, however, it lofes 
its folid form, and becomes like oil. When heated in 
contaft with air, it takes fire, and burns uniformly with- 
out any difagreeahle odour hence its ufe in making 
candles. 

By long expofure in hot air it becomes yellow and 
rancid. Pure alkali combines with it, and forms.a foap. 
Nitric and muriatic acids do not affedf it, but fulphu- 
ric acid diffolv.es it and alters its colour. 

Sect. IX. Of Acids, 

T^e acids hitherto difeovered in the animal kingdom 
are the nine following. 

Pari: IJ. 
4* Carbonic, 7. Formic, Acids. 

2. Muriatic, 5. Benzoic, 8. Bombyc, v"""1 v 
3. Phofphoric, 6. Sebacic, 9. Uric. 

The firft eight of thefe have been already deferibed in 
the article Chemistry, Suppl. it is unneceflary there- 
fore to deferibe them here. 

Few perfons are ignorant that concretions fometimes di^o5 

form in the human urinary bladder, and produce that 0f uric: 
very formidable difeafe known by the names of the acid. 

Jlone and the gravel. Thefe concretions are often ex- 
tradted by a furgical operation : they are called urinary 
calculi. 

The moft common of thefe calculi is of a brown co- 
lour, and very foluble in pure potafs or foda ley. 

If into an alkaline folution of one of thefe calculi a 
quantity of acetous acid be poured, a copious brown co- 
loured precipitate immediately appears, which may be 
feparated and edulcorated in a fmall quantity of water. 
This fubftance is uric acid*. * Fourcroy, 

It was difeovered by Scheele in 1776, and the-^"'1*^ 
French chemifts afterwards called it lit hie acid ; but x'llt 

this name, in confequence chiefly of fome remarks of 
Dr Pearfon on its impropriety, has been lately given 
up, and that of uric (l) acid fubftituted in its place. 
We have adopted the new name, becaufe we think it 
preferable to the old ; which indeed conveyed a kind 
of inconfiftency to thofe who attended to the etymolo- 
gical meaning of the word. * 

Uric acid poffefles the following properties : it cry-Its proper- 
ftallizes in thin plates; has a brown colour, and fcarce-1'6®* 
ly any tafte. Cold water fcarcely difiblves any part of 
it; but it is foluble in 360 parts of boiling water. The 
folution reddens vegetable blues, efpecially the tin&ure 
of turnfol. A great part of the acid precipitates again 
as the water cools. It combines readily with alkalies 
and earths ; but the compound is decompofed by every 
other acid. Sulphuric acid, when concentrated, de- 
compoles it entirely*. Nitric acid diflblves it readily : * Scheele, i. 
the folution is of a pink colour, and has the property400* 
of tinging animal fubftances, the fltin for inftance, of 
the fame colour-}-. When this folution is boiled, aj. 7^ anj 
quantity of azotic gas, carbonic acid gas, and of pruf-Pearfon. 
lie acid, is difengaged J. Oxy-muriatic acid converts j fourcroy, 
it in a few minutes into oxalic acid$. jnn. de 

When diftilled, about a fourth of the acid pafles over Cblm. xxvn. 
a little altered, and is found in the receiver cryftallizcd ^* 
in plates; a few drops of thick oil make their appear-]cili 
ance ; -|th of the acid of concrete carbonat of ammo-xxxi’i. 184, 
nia, fome pruffiat of ammonia, fome water, and car- 
bonic acid ; and there remains in the retort charcoal, 
amounting to about ^th of the weight of the acid di- 
ftilled }|. _ f| Feurcroy* 

Thefe fadls are fufficient to (hew us, that uric acid is xvi. 
compofed of carbon, azot, hydrogen, and oxygen ; and ,1<s* 
that the proportion of the two laft ingredients is much 
fmaller than of the other two. 

The different falts which uric acid forms with alka- 
line and earthy bafes have not been examined with at- 
tention ; but urat of potafs, of foda, and of lime, have 
been formed both by Scheele and Fourcroy ; and urat 

of 

( n) From urine ; becaufe this acid is always found in human urine. 
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Mkalie*, of ammonia is not ynfrequently found cryftallized in 
iarths, and yj-jpary calculi. 
Meuls. orcier 0f the affinities of the different bafes for 

urjc acids is entirely unknown; but it has been afcer- 
tained, that its affinity for thefe bafes is much weaker 
than that of any other acid. Its falls are decompofed 
even by pruffic and carbonic acid. 

Sect. X. Of Alkalies, Earths, and Metals. 

1. All the three alkalies have been found in the ani- 
mal kingdom, as we (hall Ihew in the next chapter. 

2. The only earths which have been found in animals 
are, I. Lime, 

2. Magnefia, 
3. Silica. 

The firft in great abundance, almoft in every large ani- 
mal; the other two very rarely, and only as it were by 
accident. 

a. The metals hitherto found in animals are, ^ r 1. Iron, 
2. Manganefe. 

The firff exifts in all the larger animals in fome confi- 
derable quantity ; the fecond has fcarce ever been found 
in any quantity fo great as to admit of being weigh- 

418 c^* . , • • 1 Subftances Such are the fubllances hitherto found in animals. 
found in rp, rimpie bodies of which all of them confiff are the 
animals. r-,, . r 

following: ,, r 
!. Azot, 6. Phofphorus, 11. Magnefia, 
2. Carbon, 7* Muriatic acid, 12. Silica, 
2. Hydrogen, 3. Potafs, 13* fron» 
4. Oxygen, 9. Soda, H- Manganefe. 
5. Lime, jo. Sulphur, 

Of thefe, magnelia and iilica may in a great meafure 
be conlidered as foreign bodies; for they are only found 
in exceedino-ly minute quantities, and the lall not un- 
lefs in cafes of difeafe. The principal elementary ingre- 
dients are the firft. fix : animal fubftances may be con- 
fidered as in a great meafure compofed of them. The 
firft four conftitute almoft entirely the foft parts, and 
the other two form the bafis of the hard parts. But 
we will be able to judge of this much better, after we 
have taken a view of the vw. ous parts of animals as they 
exift readv formed in the body. T- his fhall be the fub- 
ject of the next chapter. 

Chap. II. Of the Parts of Animals. 

The different fubftances which compofe the bodies 
of animals have been defcribed with fufficient minute- 
nefs in the article Anatomy, Encycl. to which we beg 
leave to refer the reader. Any repetition in this place 
would be improper. Thefe fubftances are the lollow- 
ing: 

1. Bones and fhells, 
2. Mufcles, 
3. Tendons, 
4. Ligaments, 
5. Membranes, 

6. Cartilages, 
7. Skin, 
8. Brain and nerves, 
9. Horns and nails, 

10. Hair and feathers. 
Befides thefe fubftances which conftitute the folid 

part of the bodies of animals, there are a number of 
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fluids, the moft important of which is the Hood, which B<:‘nes- ^ 
pervades every part of the fyftem in all the larger ani- 
mals ; The reft are known by the name of fecretions, 
becaufe they are formed or fecreted, as the anatomifts 
term it, from the blood. The principal animal fecre- 
tions are the following: 

1. Milk, 6. Mucus of the nofe, 
2. Saliva, 7. Sinovia, 
3. Pancreatic juice, 8. Semen, 
4. Bile and biliary cal- 9. Liquor of the amnios, 

culi, 10. Urine and urinary cal- 
5. Tears, culi. 

Thefe fubftances fhall form the fubjeit of the following 
fedtions. 

Sect I. Of Bones. 

By bones, we mean thofe hard, folid, well known 
fuhftances, to which the firmnefs, fiiape, and ftrength 
of animal bodies, are owing ; which, in the larger ani- 
mals, form, as it were, the ground-work upon which all 
the reft is built. In man, in quadrupeds, and many 
other animals, the bones are fituated below the other 
parts, and fcarcely any of them are expofed to view ; 
but fhell-fifh and fnails have a hard covering on 
the outfide of their bodies, evidently intended for de- 
fence. As thefe coverings, though known by the name 
of Jhells, are undoubtedly of a bony nature, we fhall in- 
clude them alfo in this feftion. For the very fame rea- 
fons, it would be improper to exclude eggjhells, and 
thofe coverings of certain animals, the tortoife for in- 
ftance, known by the name of crujis. 

It had be/n long known, that bones may be rendered 
foft and cartilaginous by keeping them in diluted acid 
folutions, and that fome acids even diffolve them alto- 
gether ; that when expofed to a violent heat, they be- 
come white, opaque, and brittle; and Dr Lewis had 
obferved, that a fudden and violent heat rendered them 
hard, femitranfparent, and fonorous. But their com- , 
ponent parts remained unknown till Scheele mentioned, 
in his differtation on Fluor Spar, pubhlhed in the Stock- 
holm Tranfadions for 1771, that the earthy part of 
bones is phofphat of lime (m). Since that time confi- 
derable additions have been made to the chemical ana- 
lyfis of thefe fubftances by Berniard, Bouillon, and Rou- 
elle. Mr Hatchett has publilhed a very valuable paper 
on the fuhjea in the Philofophical Tranfadtions for 
^799* and in the 34th volume of the Annalcs de Cbi- 
mie, Mr Merat Guillot has given us a table of the com- 
ponent parts of the bones of a confiderable number of 
animals. 

The bony parts of animals may be divided into three 
claffes; namely, bones, crujis, Jhells. 

i. Bones have a coniiderable degree of hardnefs ; iVonertics 
when recent, they contain a quantity of marrow, which of bones, 
may be partly feparated from them. When the water 
in which bones have been for fome time boiled is eva- 
porated to a proper confiftence, it affumes the form of 
a gcHy > bones therefore contain gelatine. # _ ai0 

If a piece of bone be kept for fome time in diluted 
muriatic, or even acetous acid, it gradually lofes a con- ponent 
fiderable part of its weight, becomes foft, and acquiresI’^ts. 

4D 2 a 

(m) The difeoverer of this has not been completely afeertained: Scheele does not claim it in that paper; 
Bergman gives it to Gahn; but Crell affirms that it was made by Scheele. 
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a certain degree of transparency: and, in fliort, acquires 
all the properties of cartilage. Bone therefore confills 
of cartilage, combined with fome fubftance which thefe 
acids are capable of diflblving- and carrying olf. 

If pure ammonia be dropt into the acid which has 
reduced the bone to this (late, a quantity of w'hite pow- 
der precipitates, which pofTeffes all the properties of 
phofphat op lime. The fubftance, then, which was com- ' 
bined with the cartilage is phofphat of lime. 

_ After the phofphnt of lime has precipitated, the ad- 
dition of carbonat of ammonia occafions a farther pre- 
cipitate, wftiich confifts of carbonat of lime : but the 
quantity of this precipitate is ineonfiderable*. When 
concentrated acids are poured on bones, whether recent 
or calcined, an effervefcence is perceptible ; the gas 
which efcapes renders lime water turbid, and is there- 
fore carbonic acid. Now fince bones contain carbonic 
acid, and fince they contain lime alfo uncombined with 
any acid ftronger than carbonic—it is evident that they 
contain a little carbonat of lime. Mr Hatchett found 
this fubftance in all the bones of quadrupeds and of ftfh 
which he examined f. 

When bones are calcined, and the refiduum is difibl- 
ved in nitric acid, nitrat of barytes caufes a fmall pre- 
cipitate, which is infoluble in muriatic acid, and is 
therefore fulphat of barytes Confequently bones con- 
tain fulphuric acid. It has been afcertained, that this 
acid is combined with lime. The proportion of fulphat 
of lime in bones is very inconfiderable. 

Thus wre have feen, that bones are compofed of car- 
tilage, which confifts almoft entirely of gelatine, of 
phofphat of lime, carbonat of lime, and fulphat of 
lime. The following table, drawn up by Merat-Guil- 
lot j|, exhibits a comparative view of the relative pro- 
portion of thefe ingredients in a variety of bones. The 
fulphat of lime, which occurs only in a very fmall quan- 
tity, has been confounded with phofphat of lime. 

bones; but in them the proportion of carbonat of lime 
far exceeds that of phofphat*. 

Thus 100 parts of lobfter cruft contain 
60 carbonat of lime, 

1 4 phofphat, 
26 cartilage. 

Part If. 
Bones. 

* Hatchett, 
Phil. Prang, 
I799, p. 
321, and 
3H* 

■f Ibid. 

$ Ibid. 

j) Ann. de 
Chitn 
xxxiv. 71, 

One hundred parts contain 

1 
Human bones from 

burying ground, 
Do. dry, but not from 1 

under the earth, ) 
Bone of ox, 

calf, . 
horfe, . . . 
ftieep, . . . 
elk, 
hog, . . . 
hare, . . 
pullet, . 
pike, . . . 
carp, . . . 

Horfe tooth, . . .' 
Ivory,   
Hartfhorn, . . . . 

Gela- 
tine. 

16 

23 

3 
25 

9 
16 

1.1 
I? ' 
9 
6 

12 
6 

12 
24 
27 

Phofp. 
of lime 

Carb. 
of lime 

67 

63 

93 
54 
67.5 
70 
90 
52 
85 
72 

64 
45 
85.5 
64 
57-5 

2 
trace 
1.25 
o-5 
1 
1 
1 
M 
1 
o-5 
0.25 
0.1 
1 

J.ofs. 

l5-5 

2 
21 
22.25 
»3-5 
7-5 

3° 
5 

20.5 
23 
48-5 

2.25 
11.15 
14.5 

ICO f 
One hundred parts of crawfifh cruft contain 

60 carbonat of lime, 
12 phofphat of lime, 
28 cartilage. 

100 J. 
One hundred parts of hens egg-lhells contain 

89.6 carbonat of lime, 
5.7 phofphat of lime, 
4.7 animal matter. 

100.o 

f Herat- 
Gail let, Ann 
de Chim. 
xxxiv. 71, 

* Ibid. 

Vauquelin, 
Mr Hatchett found traces of phofphat of lime alfo in xxix. 6. 

the fhells of fnails. 
3. The ftiells of fea animals may be divided into twop 2,22 

clafles: The firft has the appearance of porcelain; t h e i r p ^ 
furface is enamelled, and their texture is often flightly fhelis. 
fibrous. Mr Hatchett has given them the name of 
porcellaneous fhells. The fecond kind of fhell is known 
by the name of mother of pearl. It is covered with a 
ftrong epidermis, and below it lies the ihelly matter in 
layers *. The fhell of the frelh water mufcle, mother * Herijhut, 
of pearl, heliotis iris, and turbo olearius, are inftances of Mem. Par. 
thefe fhells. 1766,p.az. 

Porcellaneous fhells are compofed of carbonat of 
lime cemented together by a very fmall quantity of ani-* ‘ ■■5I7‘ 
mal matterf. - f Hatchett, 

Mother of pearl fhells are compofed of alternate/^, 
layers of carbonat of lime and a thin membranace- 
ous or cartilaginous fubftance. This cartilage ftill re- 
tains the figure of the fhell, after all the carbonat of 
lime has been feparated by acids J. 

Mother of pearl contains 66 carbonat of lime, 
34 cartilage. 

t Ibid. 318. 

IOO Merat- 
Coral, which is a bony fubftance formed by certain Quit lot, ibid. 

fea infetls, has a nearer relation to mother of pearl fhells 
in its ftruCbure than to any other bony iubftance, as the 
following table will (hew. 

Carbonat of lime, 
Animal matter. 

100 100.0 

Articulated 
coraline. Guillot, tbtd, 

49 
5* 

100 

The enamel of the teeth is compofed of the fame 
* Hatchett, earthy ingredients as other bones; but is totally defti- 
Pbil. Tranf. tute of cartilage *. 
i799>P- 2. The cruftaceous coverings of animals, as of echi- 

( ni, crabs, lobfters, prawns, and cray fifh, and alfo the 
Componenteggs> are compofed of the fame ingredients as 
parts of ’ 
crufts, 

Sect. II. Of the Muscles of Animals. 

The mufcular parts of animals are known in common 
language by the name of JleJh. They conftitute a con- 
fiderable proportion of the food of man. 

Mufcular flefh is compofed of a great number of 
fibres or threads, commonly of a reddiih or whitifh co- 
lour; but its appearance is too well known to require 
any defeription. Hitherto it has not been fubjeited 
to any accurate chemical analylis. Mr Thouvenel, in- 
deed, has publilhed a very valuable differtation on the 

fubjed j 
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Mufcles of fubjeft ; but his analyfis was made before the method only that they are compofed, in a great meafure, ofjtf 

Animals. Qf examining animal fubftances was fo well underftood latine ; for it is partly from them that glue is made; 
as it is at prefent. It is to him, however, that we are 
indebted for almofl all the fads known concerning the 
compofition of mufcle. , 

It is fcarcely poffible to feparate the mufcle from all 
the other fubftances with which it is mixed. A quan- 
tity of fat often adheres to it clofely ; blood pervades 
the whole of it ; and every fibre is enveloped in a par- 
ticular thin membranous matter, which anatomifts di- 
itinguifh by the name of cellular fubjlance. The analyfis 
of the mufcle, then, cannot be fuppofed to exhibit an 
accurate view of the compofition of pure mufcular 
fibres, but only of mufcular fibre not perfedly feparated 

243 from other fubftances. 
Analyfis of j. When a mufcle is well wafhed in cold water, fe- 
imifcles. vera] of its parts are diffolved, and may be obtained by 

the ufual chemical methods. When the water is eva- 
porated flowly, it at lail coagulates, and the coagulum 
may be feparated by means of a filter. It poffelles the 
properties of albumen. 

2. The water is then to be evaporated gently to dry- 
-nefs, and alcohol poured upon the dry mafs: part of it 
is diffolved by digeftion, and there remains a faline fub- 
ftance, which has not been examined; but wltich Four- 
croy conjectures to be a phofphat. 

3. When the alcohol is evaporated to drynefs, it 
leaves a peculiar mucous fubftance, foluble both in wa- 
ter and alcohol; and when its watery folution is very 
much concentrated, it alfumes an acid and bitter tafte. 
It fwells upon hot coals, and melts, emitting an acid 
and penetrating fmell. It attrafts moifture from the 
air, and forms a falinc efflorefcence. In a hot atmo- 
fphere it becomes four and putrefies. All thefc pro- 
perties render it probable that this fubftance of Mr 
Thouvenel is that which is converted into zoonic acid 
during the roafting of meat. 

4. The mufcle is now to be boiled in water forfome 
time. A quantity of fat appears on its furface in the 
form of oil, which may be taken off. 

j. The water, when evaporated fufficiently, affumes 
the form of a jelly on cooling, and therefore contains a 
portion of gelatine. It contains alfo a little of the faline 
fubftance, and of the mucous fubftance mentioned above. 

6. The refiduum of the mufcle is now white and in- 
fipid, of a fibrous ftru&ure, and infoluble in watei, and 
has all the properties of Jibrma. 

Thus it appears that mufcle is compofed of 
Albumen, 
Mucous matter, 
Gelatine, 
Fibrina, 
A fait. 

The French chemifts have difeovered, that when 3 
piece of mufcle is allowed to remain a fufficient time in 
diluted fulphuric acid, it is converted into a fubftance 
refembling tallow: weak nitric acid, on the other hand, 

*Humholt converts it into a fubftance refembling wax *. 

™yf,Y;o. Sect. III. Of the Sotr and White Parts of 
Animals. 

Thofe parts of animals to which anatomifts have 
given the names of cartilage, tendon, ligament, mem- 
brane, differ altogether in their appearance from the 
mufcles. They have never been analyfedo We know 

Purer x urc Its proper- 

which does not differ from gelatine, except in not be- 
ing perfectly pure. 

Mr Hatchett has afeertained that they contain no 
phofphat of lime as a conftituent part, and fcarcely any 
faline ingredients ; for when calcined they leave but a 
very inconfiderable refiduum. TJius 250 grains of 
hog's bladder left only 0.02 grain of reiiduum j'. f Thil. 

C ivr nrtU c- Tranf.llW Sect. IV. Of the Skin. p. 333* 

The fkin is that ftrong thick covering which en- 
velopes the whole external furface of animals. It is com- 
pofed chiefly of two parts: a thin white elaftic layer on 
the outfide, which is called epidermis or cuticle; and a 
much thicker layer, compofed of a great many fibres, 
clofely interwoven, and difpofed in different dire&ions ; 
this is called the cutis, or true fkin. The epidermis is 
that part of the fkin which is raifed in blifters. _ 2,4 

1. The epidermis is eafily feparated from the cutis Epider-. 
by maceration in hot water, it poffeffes a very greatmis. 
degree of elafticity. 

It is totally infoluble in water and in alcohol, 
fixed alkalies diffolve it completely, as does lime like-ties*, 
wife, though flowly %. Sulphuric and muriatic acids f chaptal, 
do not diffolve it, at leaft they have no fenfible a&ionf Ann.de. 
on it for a confiderable time ; but nitric acid foon fe.Cbim.xzxu 
prives it of its elafticity, caufes it to fall to pieces, and121, 

probably foon decompofes it $. . § CruHJbank 
It is well known that the living epidermis' is tinged on Infenfible 

yellow almoft inflantaneoufly by nitric acid; but this 
effeft does not take place, at leaft fb fpeedily, when theF 3 * 
dead cuticle is plunged in nitric acid altogether ||. 'j| Il)iJm 

2. When a portion of cutis is macerated for fome ‘ 
hours in water, and agitation and preffure is employed Cutif. 
to accelerate the effedl, the blood, and all the extrane. 
ons matter with which it was loaded, are feparated from 
it, but its texture remains unaltered. On evaporating 
the water employed, a fmall quantity of gelatine may 
be obtained. No fubfequent maceration in cold water 
has any farther effeft ; the weight of the cutis is not 
diminilhed, and its texture is not altered : but if it be 
boiled in a fufficient quantity of water, it may be com- 
pletely diffolved, and the whole of it, by evaporating 
the water, obtained in the ftate of gelatine *. * Seguing 

Seguin informs us that he has afeertained, by a great 
variety of experiments, that the cutis differs from ge-^™>u 

latine merely m containing an additional quantity of 

oxygen. Hot w'ater (he fays) expels this oxygen, and Compofed 
thus converts cutis into gelatine f. As thefe experi-of gelatine, 
ments have not been publifhed, it is impoffible to form 1 
any judgment of their weight. r . . asS 

It is the fkin or cutis of animals of which leather is j^ature 0f 
formed. The procef? of converting fkin into leather isranning. 
called tanning. This procefs, though pra&ifed in the 
earlieft ages, was merely empyrical, till the happy inge- 
nuity of Mr Seguin led him to difeover its real nature. 
After the epidermis and all the impurities of the fkin 
have been feparated, and its pores have been fo far 
opened as to admit of being completely penetrated, it 
is fteeped in an infufion of oak-bark, which confifts of 
gallic acid and tan. The gallic acid (if we believe Se- 
guin) deprives the fkin gradually of oxygen, and thus 
converts it into gelatine, and the tan combines with 
this o-elatine the infUnt it is formed ; and this procefs 

° goes 
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Brain and goes on fo flowly that the texture of the flcm is not al- 

, Nerves, Leather, therefore, is merely a combination of 

t NiZi/Z\ gelatine and tan %. 
Journal, i. Sect. V. Of the Brain and Nerves. 

The brain and nerves are the inftruments of fenfa- 
tion, and even of motion ; for an animal lofes the power 
of moving a part the inftant that the nerves which enter 
it are cut. 

The brain and nerves have a flrong refemblance to 
each other; and it is probable that they agree alfo in 
their compofition. But hitherto no attempt has been 
made to analyle the nerves. The only chemifts who 

* Jour.de have examined the nature of brain are Mr Thouret * 
ancj Mr pou rcroy f. 

l^^Ann'de^’ r^^ie l51'3111 confifts of two fubftances, which differ 
Cbim.x.\i. from each other fomewhat in colour, but which, in 
38a. other refpedts, feem to be of the fame nature. The 

outermofl matter, having fome fmall refemblance in co- 
lour to wood-afhes, has been called the cineritious part ; 

aip the innermoft part has been called the medullary part. 
Properties Brain has a foft fee], not unlike that of foap ; its 
of brain, texture appears to be very clofe ; its fpecific gravity is 

greater than that of water. 
When brain is kept in clofe veffels fo that the exter- 

nal air is excluded, it remains for a long time unaltered. 
Fourcroy filled a glafs veffel almoft completely with 
pieces of brain, and attached it to a pneumatic appa- 
ratus ; a few bubbles of carbonic acid gas appeared at 
hrft, but it remained above a year without undergoing 

}/&</. 397. any farther change J. 
This is very far from being the cafe with brain ex- 

pofed to the atmofphere. In a few days (at the tem- 
perature of 6o°) it exhales a moll detellable odour, be- 
comes acid, aflumes a green colour, and very foon a 
great quantity of ammonia makes its appearance in it. 

Cold water does not diffolve any part of the brain ; 
but by trituration in a mortar, it forms with water a 
vvhitifh coloured emulfion, which appears homogeneous, 
may be paffed through a filter, and the brain does not 
precipitate by reft. When this emulfion is heated to 
145°, a white coagulum is formed. The addition of a 
great quantity of water alfo caufes a coagulum to ap- 
pear, which fwims on the furface, but the water ftill 
retains a milky colour. When fulphuric acid is dropt 
into the watery emulfion of brain, white flakes feparate 
and fwim on the furface, and the liquid becomes red. 
Nitric acid produces the fame effects, only the liquid 
becomes yellow. Alcohol alfo feparates a white coa- 
gulum from the emulfion, after it has been mixed with 
it for fome hours. When nitric acid is added to the 
emulfion till it becomes flightly acid, a coagulum is 
alfo feparated. This coagulum is of a white colour; it 
is infoluble in water and in alcohol. Heat foftens, but 
does not melt it. When dried, it becomes tranfparent, 
and breaks with a glafl'y fra&ure. It has therefore 

1 Ibid.7,%%. fome refemblance to albumen-1|. 
When brain is triturated in a mortar with diluted 

fulphuric acid, part is difiblved, the reft may be fepara- 
ted, by filtration, in the form of a coagulum. The 
acid liquot is colourlefs. By evaporation, the liquid 
becomes black, fulphurous acid is exhaled, and cryftals 
appear; and when evaporated to drynefs, a black mafs 
remains behind. When this mafs is diluted with water, 
a quantity of charcoal feparates, and the water remains 

, , Part II, clear. The brain is completely decompofed, a quan- cram 
tity of ammonia combines with the acid and forms ful- Nerve, 
phat of ammonia, while charcoal is precipitated. The 
water, by evaporation and treatment with alcohol, 
yields fulphats of ammonia and lime, phofphoric acid, 23q 
and phofphats of foda and ammonia. Brain therefore fisanalyfis. 
contains Phofphat of lime, 

— foda, 
* ammonia. 

Traces alfo of fulphat of lime can be difeovered in 
it. The quantity of thefe falts is very fmall; altogether 
they do not amount to ^jg-th part ||. || Ann. do 

Diluted nitric acid, when triturated with brain, like- xvi* 
wife difiblves a part, and coagulates the reft. The fo-a88, 

lution is tranfparent. When evaporated till the acid 
becomes concentrated, carbonic acid gas and nitrous 
gas are difengaged ; an eftervefcence takes place, white 
fumes appear, an immenfe quantity of ammonia is dif- 
engaged, a bulky charcoal remains mixed with a con- 
fiderable quantity of oxalic acid -J-. f ro- 

When brain is gradually evaporated to drynefs by 1 ' r 

the heat of a water bath, a portion of tranfparent li- 
quid feparates at firft from the reft, and the refiduum, 
when nearly dry, acquires a brown colour; its weight 
amounts to about one-fourth of the frefh brain. It may 
ftill be formed into an emulfion with water, but very 
foon feparates again fpontaneoufly. 

When alcohol is repeatedly boiled upon this dried 
refiduum till it ceafes to have any more a&ion, it dif- 
folves about five-eighths of the whole. When this al- 
cohol cools, it depofits a yellowifh white fubftance, 
compofed of brilliant plates. When kneaded together 
by the fingers, it aflumes the appearance of a du&ile 
pafte : at the temperature of boiling water it becomes 
foft, and when the heat is increafed it blackens, exhales 
empyreumatic and ammoniacal fumes, and leaves behind 
it a charry matter f. When the alcohol is evaporated, . 
it depofits a yellowifh black matter, which reddens' 1‘3 3' 
paper tinged with turnfol, and readily diffufes itfelf 
through water J. 

Pure concentrated potafs diflblves brain, difengaging^ ‘ ' 3l7' 
a great quantity of ammonia. 

Thefe fafts are fufficient to fhew us, that, exclufive 
of the fmall proportion of faline ingredients, brain is 
compofed of a peculiar matter, differing in many par- 
ticulars from all other animal fubftances, but having a 
confiderable refemblance in many of its properties to 
albumen. Brain has been compared to a foap ; but it 
is plain that the refemblance is very faint, as fcarcely 
any oily matter could be extricated from brain by Four- 
croy, though he attempted it by all the contrivances 
which the prefent ftate of chemiftry fuggefted ; and the 
alkaline proportion of it is a great deal too fmall to 
merit any attention. 

Sect. VI. Of Nails, Horns, Hair, Feathers. 

These fubftances have not hitherto been analyfed. 
We know only that they have a great refemblance to 
each other. They give out the fame fmell, and exhi- 
bit the fame phenomena when burnt, and they yield the 
fame products when diftilled. 

Pure fixed alkali has the property of decompofing 
thefe fubftances, and of converting them into ammonia 
and oil. The ammonia is difengaged in great abun- 
dance, and the oil combines with the alkali, and forms 
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a fpecies of foap. When muriatic acid is poured into 
the folntion of thefe fubllances in pure foda, a quantity 
of fulphurated hydrogen gas is difengaged, an^ a hlack 
fubdance, doubtlefs charcoal, precipitates. Hence it 
follows that theie fubdances contain in their compoh- 
tion a quantity of fulphur. Accordingly, if a bit of 
diver is put into the folution, it indantly affumcs a blaci 
colour . . 

Thefe fubdances fcarcely contain any earthy ingre- 
dients. One hundred grains of ox horn, after calcina- 
tion, left only 0.04 grain of reiiduum, half of which 
was phofphat of lime. Seventy eight grains of chamois 

u TT , , „ horn left five grains of refiduum ||. , . , 
Such is a eery imperfea account of the fol.ds «hich 

1799. P. ' compofe animal bodies. We proceed next to the fluid 
which circulates through living bodies, namely bood; 
and to the various fecrelions formed from the blood, 
either in order to anfwer fome important purpofe to 
the animal, or to be evacuated as ulelefs, that the blood 
thus purified may be more proper for anfwering the 
ends for which it is dedined. Many of thefe fubdances 
have been examined with more care by chemrds than 
the animal folids. 

Sect. VII. Of Blood. 

Blood is a well known fluid, which circulates in the 
veins and arteries of the more perfed animals. It is ot 
a red colour, has a confiderable degree of coniidtn- 
cy, and an unftuous feel, as if it contained a quantity 
of foap. Its tade is (lightly faline, and it has a peculiar 
fmell. ,. 

The fpecific gravity of human blood is, at a medium, 
1.0527 *. Mr Fourcroy found the fpecific gravity of 
bullocfc’s blood, at the temperature of 6o°, to be 
1.056+. The blood does not uniformly retain the 
fame confidence in the fame animal, and its confidence 
in different animals is very various. It is eafy to tee 
that its fpecific gravity mud be equally various. 

When the blood is viewed through a microlcope, a 
great many globules, of a red colour, are feen floating 
in it It is to thefe globules that the red colour of the 
blood is owing. They were fird examined with atten- 
tion by Leuwenhoeck. Their form, their proportion, 
and the changes which they undergo from the addition 
of various fubdances, have been examined with the 
greatett care ; but hitherto without adding much to our 
knowledge. We neither know the ingredients of which 
the red globules are compofed, nor the changes to which 
they are fubjeded, nor the ufeful purpofes which they 
ferve ; nor has any accurate method been difeovered of 
feparating them from the red of the blood, and of ob- 
taining them in a date of purity. . . 

When blood, after being drawn from an animal, is 
allowed to remain for fome time at red, it very toon 
coagulates into a folid mafs, of the confidence of 
curdled milk. This mafs gradually feparates into two 
parts : one of which is fluid, and is called ferum ; the 
other, the coagulum, has been caUed <r«ar, becaufe it 
alone retains the red colour which didinguifhes blood. 
This feparation is very fimilar to the reparation of 
curdled milk into curds and whey. The cruor ufually 
finks to the bottom of the veffel,. and, of’courfe, is co. 
vered by the ferum. . . n j • r 

The cruor, or clot as it is fometimes called, is of a 
red colour, and pofieffe* confidmble confidence. Its 
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mean fpecific gravity is about 1.245!. ^ we wa^ " 
the cruor in a fufficient quantity of water, it gradually ‘‘“Tr ^ 
lofes its red colour, and affumes the appearance oi a jjaner

,
3 

whitifh, fibrous, elaftic mafs, which poffeifes all the pro- PbyJiologyy 
perties of jibrina. The cruor therefore is compofedii. 4*. 
chiefly of fibrina. The water in which it has been 
wafhed affumes a red colour, but continues tranfparent. 
It is evident from this that it contains, diffolved in it, 
the red globules ; not, however, in a date of purity, for 
it is impofiible to feparate the cruor completely from 
the ferum : confequently the water mud contain both 
ferum and red globules. We know, however, from 
this, that the red globules are foluble in water. The 
cruor of the blood, then, is compofed of red globules 
and fibrina. 

If the cruor of the blood be expofed to a gentle heat, 
it becomes gradually dry and brittle. If this dry mafs 
be fubmitted to didillation, it yields water, ammonia, a 
thick empyreumatic oil, and much cavbonat 01 ammo- 
nia : there remains a ipongy coal of a brilliant appear- 
ance, from which fulphuric acid extracts foda and iron ; 
there remains behind a mixture of phofphat of lime and 
charcoal [|. $ Fourcroy, 

When the fibrina is diddled, it yields precifely_them. *67. 
fame produ&s; but the refiduum contains neither iron 
nor foda. The red water, on the contrary, which had 
been employed to walh the cruor, contains both of thefe 
fubdances, efpecially iron ; which may be obtained in 
the-date of oxide by evaporating this water to drynefs, 
and calcining the refiduum TUefe fa&s are fuffi- If 
cient to demondrate that the red globules contain iron ; 
confequently the opinion that their colour depends upon 
that metal is at lead poflible. It is probably owing to 
the foda which it contains, that the prefence of iron 
cannot be afeertained in the folution of thefe globules 
by the ufual ted. The pruffian alkali caufes no pre- 
cipitate ; the infufian of nut galls gives it no blue or 
purplifh tinge *. _ * Well's 

The ferum is of a light greenifh yellow colour; it Phil. Tranf. 
has the tade, fmell, and feel of the blood, but its con-1797- 
fidence is not fo great. Its mean fpecific gravity is *34 

*33 
cruor, 

about 1.0287!. It converts fyrup of violets to 
green, and therefore contains an alkali. On examina- 
tion, it is found that it owes this property to a portion 
of foda. When heated to the temperature of 1$> piy/dogy, 
the ferum coagulates, as Harvey fird difeovered ■f. It;^ 
coagulates alfo when boiling water is mixed with it ;§ Cullen. 
but if ferum be mixed with fix parts of cold water, itf Do Gener. 
does not coagulate by heat J. When thus coagulated,' P’ 
it has a greyifh white colour, and is not unlike the^ Fourcroy, 
boiled white of an egg If the coagulum be cut into^,* 
fmall pieces, a muddy fluid may be iqueezed from it, Chim. vii. 
which has been termed the ferojity. After the fepara-*^ 
tion of this fluid, if the refiduum be carefully wafhed y 

in boiling water and examined, it will be found to pof- 
fefs all the properties of albumen. The ferum, there- 
fore, contains a confiderable proportion of albumen. 
Hence its coagulation by heat, and the other phenomena 
which albumen ufually exhibits. . _ * 

If the ferofity be gently evaporated till it becomes 
concentrated, and then be allowed to cool, it affumes 
the form of a jelly, as was fird obferved by De Haen ||. || #*£ *57«- 
Confequently it contains gelatine. 

If ferum be mixed, with twice its weight of water,, 
and, after coagulation by beat,, the albumen be fepara- 

tedl 
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ted by filtration, and the liquid be flowly evaporated 
till it is confiderably concentrated, a number of cryftals 
are depofited when the liquid is left handing in a cool 
place. Thefe cryftals confift of muriat of foda and car- 
bonat of foda *j[. 

Thus it appears that the ferum of the blopd contains 
albumen, gelatine, foda, muriat of foda, and carbonat of 
foda, befides a portion of water. 

Gelatine may be precipitated from the ferofity by 
the three mineral acids. Mr Hunter obferved, that Gou- 
lard’s ex trail, or, which is the fame thing, acetite of 
lead diflolved in acetous acid, produces with gelatine a 
copious precipitate When nitric acid is diffolved off 
ferum, it converts it partly into pruflic acid *. Acids, 
alcohol, and tan, precipitate the albumen in different 
ftates; but this, after what has been faid in the laft chap- 
ter, feilion ii. requires no farther explanation. 

The proportion between the cruor and feruna of the 
blood varies much in different animals, and even in the 
fame animal in different circumftances. The moft com- 
mon proportion is about one part of cruor to three 
parts of ferum ; but in many cafes the cruor exceeds 
and falls fhort of this quantity : the limits of the ratios 
of thefe fubftances to each other appear, from a compa- 
rifon of the conclulions of moft of thofe who have writ- 
ten accurately on the fubjebl, to be 1 : 1 and 1:4; but 
the firfl cafe muft be very rare indeed *. 

When new-drawn blood is ftirred brifkly round with 
a flick, or the hand, the whole of the fibrina colledls 
together upon the flick, and in this manner may be fe- 
parated altogether from the reft of the blood. The 
red globules, in this cafe, remain behind in the ferum. 
It is in this manner that the blood is prepared for the 
different purpofes to which it is put ; as clarifying fu- 
gar, making puddings, &c. After the fibrina is thus 
feparated, the blood no longer coagulates when allowed 
to remain at reft, but a fpongy flaky matter feparates 
from it and fwims on the furface f, 

When blood is dried by a gentle heat, water exhales 
from it, retaining averyfmall quantity of animal matter 
in folution, and confequently having the odour of blood. 
Blood dried in this manner being introduced into a re- 
tort and diftilled, there comes over, firlt a clear watery 
liquor, then carbonic acid gas, and carbonat of ammo- 
ria, which cryflailizes in the neck of the retort ; after 
thefe products there comes over a fluid oil, carbonated 
hydrogen gas, and an oily fubftance of- the confiilence 
of butter. The watery liquor poffelfes the property of 
precipitating from fulphat of iron a green powder; 
muriatic acid diffolves part of this powder, and there 
remains behind a little pruffian blue. Confequently 
this watery liquor contains both an alkali and pruflic 

%Ibid, 153. ac|d 
9216 grains of dried blood being put into a large 

crucible, and gradually heated, at firft became nearly 
fluid, and fwelled up confiderably, emitted a great many 
fetid fumes of a yellowifh colour, and at Lift took fire 
and burned with a white flame, evidently owing to the 
prefence of oil. After the flame and the fumes had 
difappeared, a light'fmoke was emitted, which affedled 
the eyes and the nofe, which had the odour of prufiic 
acid, and reddened moift papers ftained with vegetable 
blues. At the end of fix hours, when the matter had 
loft five-fixths of its fubftance, it melted anew, exhibit- 
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ed a purple flame on its furface, and emitted a thick Blood. 
fmoke. This fmoke affedled the eyes and noftrils, and  v——' 
reddened blue paper, but it had not the fmell of prulfic 
acid. When a quantity of it was collefted and exa- 
mined, it was found to poffefs the properties of phof- 
phoric acid. The refiduum amounted to 181 grains; 
it had a deep black colour, and a metallic brilliancy, 
and its particles were attradled by the magnet. It con- 
tained no uncombined foda, though the blood itfelf, be- 
fore combitllion, contains it abundantly ; but water ex- 
tradled from it muriat of foda, part of the reft was dif- 
folved by muriatic acid, and, of courfe, was lime ; there 
was befides a little filica, which had evidently been fe- 
parated from the crucible. The iron had been reduced 
during the combuftion p f F,Urcr»y, 

Such are the properties of blood, as far as they have * 
been hitherto afcertained by experiment. We have feen Ohim. vii. 
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that it contains the following ingredients : 
1. Water, 5. Iron, 
2. Fibrina, 6. Soda, 
3. Albumen, 7. Muriat of foda, 
4. Gelatine, 8. Phofphat of lime. 

But our knowledge of this lingular fluid is by no 
means fo complete as it ought to be ; a more accurate 
analyfis would probably difcover the prefence of other 
fubftances, and enable us to account for many of the 
properties of blood which at prefent are inexplicable. 

It would be of great confequence alfo to compare 
together the blood of different animals, and of the fame 
animal at different ages, and to afcertain in what parti- 
culars they differ from each other. This would pro- 
bably throw light on fome of the obfcureft parts of the 
animal economy. Very little .progrefs has hitherto been 
made in thefe refearches : if we except the labours of 
Rouelle, who obtained nearly the fame ingredients, 
though in different, proportions, from the blood of a 
great variety of animals, the experiments of Fourcroy 
on the blood of the human foetus are almoft the only 
ones of that kind with which we are acquainted. 

He found that it differs from the blood of the adult 
in three things: 1/?, Its colouring matter "is darker, the foetus, 
and feems to be more abundant ; 2d, It contains no fi- 
brina, but probably a greater proportion of gelatine 
than blood of adults; It contains nophofphoric acid$ ^ ,6j 

The examination of difeafed blood, too, would be of 237 
great confequence ; becaufe the difference of its proper-Dffeafe^ 
ties from the blood of people in health might throw1)lood' 
much light on the nature of the difeafe. It is well 
known, that when a perfon labours under inflammation, 
his blood is not iufceptible of coagulating fo foon as 
healthy blood. This longer time allows the red globules 
to fink to the bottom, and the coagulated fibrina ap- 
pears at the top, of its natural whitifti colour. Hence 
the appearance of the huffy coat, as it is called, which 
characterizes blood during inflammation. 

During that difeafe which is known by the name of 
diabetes, in which the urine is exceflive in quantity, and 
contains fugar, the ferum of blood often, as appears 
from the experiments of Dr Dobfon and Dr Rollo, af- 
fumes the appearance of whey ; and, like it, feems to 
contain fugar, or, at leaft, it has loft its ufualt fait tafte. 

Fourcroy mentions a cafe of extreme feeblenefs, in 
which all the parts of the body were in an unufual re- 
laxed ftate. In that patient a quantity of blood oozed 

out 
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Chap. IT- Animal S U BST A NCES. 
Milk, out from the eye-lide, which tinged linen blue, as if it 
   had been ftained with pruflian blue. Here pruflic al- 

kali feems to have been formed in the blood. 
Sect. VIII. Of Milk. 

Milk is a fluid fecreted by the female of all thofe 
animals denominated mammalia, and intended evidently 
for the nourifhment of her offspring. 

The milk of every animal has certain peculiarities 
which diftinguiffi it from every other milk. But the 
animal whofe milk is moft made life of by man as an 
article of food, and with which, confequently, we are 
belt acquainted, is the cow. Chemifts, therefore, have 
made choice of cow’s milk for their experiments. We 
(hall at fir ft confine ourfelves to the properties and ana- 
lyfis of cow’s milk, and afterwards point out in what 
refpedt the milk of other animals differs from it, as far 
at leaft as thefe differences have hitherto been afcer- 
tained. 

Milk is an opaque fluid, of a white colour, a flight 
peculiar fmell, and a pleafant fweetilh tafte. When 
newly drawn from the cow, it has a tafte very different 
from that which it acquires after it has been kept for 
fome hours. 

It is liquid, and wets all thofe fubftances which can 
be moiftened by water ; but its confiftence is greater 
than that of water, and it is (lightly un&uous. Like 
water, it freezes when cooled down to about 30°; but 
Parmentier and Deyeux, to whom we are indebted for 
by far the completed account of milk hitherto publifli- 
ed, found that its freezing point varies confiderably in 
the milk of different cows, and even of the fame cow 
at different times *. Milk boils alfo when fufficiently 
heated ; but the fame variation takes place in the boil- 

'ing point of different milks, though it never deviates 
very far from the boiling point of water. Milk is fpe- 
cifically heavier than water, and lighter than blood ; but 
the precife degree cannot be afcertained, becaufe almoft 
every particular milk has a fpecific gravity peculiar to 
itfelf. 

When milk is allowed to remain for fome time at 
reft, there colle&s on its furface a thick unduous yel- 
lowifli coloured fubftance, known by the name of cream. 
The cream appears fooner in milk in fummer than in 
winter, evidently owing to the difference of tempera- 
ture. In fummer, about four days of repofe are ne- 
ceffary before the whole of the cream colledts on the 
furface of the liquid $ but in winter it requires at leaft 
double the time f. 

After the cream is feparated, the milk which re- 
mains is much thinner than before, and it has a bluifh 
white colour. If it be heated to the temperature of 
ioov, and a little rennet, which is water digefted with 
the inner coat of a calf’s ftomach, and preferved with 
fait, be poured into it, coagulation enfues ; and if the 
coao-ulum be broken, the milk very foon feparates into 
two°fubftances : a folid white part, known by the name 
of curd; and a fluid part, called whey. 

Thus we fee that milk may be eafily feparated into 
three parts ; namely, cream, curd, and Wjfy. 

Cream is of a yellow colour, and its confiftence in- 
creafes gradually by expofure to the atmofphere. In 
three or four days, it becomes fo thick that the veffel 
which contains it may be inverted without rifking any 
lofs. In eight or ten days more its furface is covered 
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over with mucors and byfii, and it has no longer* the •^‘l^* f 
flavour of cream, but of very tat cheefe *. T. his is the ^ parmenm 
procefs for making what in this country is called a cream tKr ant^ 
chtefe. _ _ Deyeux, 

Cream poffeffes many of the properties of an oil. It Jnn. de ^ 
is fpecifically lighter than water, it has an undtuous ^^* va* 
feel, ftains clothes precifely in the manner of oil ; and 
if it be kept fluid, it contrafts at Lift a tafte which is 
very analogous to the rancidity of oilsf. When kept f/£,■</. 375. 
boiling for foroe time, a little oil makes its appearance, 
and floats upon its furface J. Cream is neither foluble f Hid. 374. 
in alcohol nor oils$. Thefe properties are fufficient ^ § Ib id. 
(hew us that it contains a quantity of oil ; but this oil 
is combined with a part of the curd, and mixed with 
fome ferum. Cream, then, is compofed of a peculiar 
oil, curd, and ferum. The oil may be eafily obtained 
feparate by agitating the cream for a confiderable time. 
This procefs, known to every body, is called churning. 
After a certain time, the cream feparates into two por- 
tions: one fluid, and refembling creamed milkj the othei 
folid, and called *4® , 

Butter is of a yellow colour, poffeffes the properties'^" 
of an oil, and mixes readily with other oily bodies. 
When heated to the temperature of 9^1 nielts, and 
becomes tranfparent ; if it be kept for fome time melt- 
ed, fome curd and water or whey feparate from it, and 
it affumes exa&ly the appearance of oil ||. But this ^ Founroy, 
procefs deprives it in a great meafure of its peculiar ^ 
flavour. _ 170. 

When butter is kept for a certain time, it becomes 
rancid, owing in a good meafure to the piefence of 
thefe foreign ingredients ; for if butter be well walhed, 
and a great portion of thefe matters feparated, it does 
not become rancid nearly fo foou as when it is not treat- 
ed in this manner. It was formerly fuppofed that this 
rancidity was owing to the developement of a peculiar 
acid : but Parmentier and Deyeux have (hewn that no 
acid is prefent in rancid butter *. When butter is flif-* Bid. 373*. 
tilled, there comes over water, febacic acid, and oil, at 
firtl fluid, but afterwards concrete. The carbonaceous 
refiduum is but fmall. *4* 

Butter may be obtained by agitating cream newlyAll<1 

taken from milk, or even by agitating milk newly drawn 
from the cow. But it is ufual to allow cieam to re- 
main for fome time before it is churned. Now cream, 
by (landing, acquires a four tafte ; butter therefore is 
commonly made from four cream. Lrefli cream requires 
at leaft four times as much churning before it yields its 
butter as four cream does f ; confequently cream ac- + ^“^^» 
quires, by being kept for tome time, new piopetties, in 
confequence of which it is more eaiily converted into 
butter. When very four cream is churned, every one 
who has paid the fmalleft attention muft have perceived, 
that the butter-milk, after the churning, is not nearly 
fo four as the cream had been. The butter, in all cafes, 
is perfectly fweet; confequently the acid which had 
been evolved has in a great meafure difappeared during 
the procefs of churning. It has been alcei tamed, that 
cream may be churned, and butter obtained, though the 
contadf of atmofpheric air be excluded J. We have { Young dt 
no doubt, that in all cafes where fuch an experiment Latte, 15, 
fucceeded, the cream on which it was made had pre- 
vioufly become four. On the other hand, it has been ^ ^ 
afcertained, that wdien cream is churned in contact withjfe. 
air, it abforbs a confiderable quantity of it $ ; and it port for 

4 £ cannot 
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cannot be doubted, that the portion abforbed is oxy- 
gen. 

Thefe fafts are fufficient to afford us a key to ex- 
plain what takes place daring the procefs of churning. 
There is a peculiar oil in milk, which has fo ftrong an 
affinity for the other ingredients, that it will not Sepa- 
rate from them fpontaneoufly ; but it has an affinity for 
oxygen, and when combined with it, forms the concrete 
body called butter. Agitation produces this combination 
of the oil with oxygen ; either by caufmg it to abforb 
oxygen from the air, or, if that he impoffible, by fepara- 
ting it from the acid which ex ills in four cream. Hence 
the abforption of air during churning ; hence alfo the 
increafe of temperature of the cream, which Dr Young 
found to amount conftantly to 40; and hence the 
fweetnefs of the butter-milk, compared with the cream 
from which it was obtained. 

The affinity of the oil of cream for the other ingre- 
dients is fuch, that it never feparates completely from 
them. Not only is curd and whey always found in the 
cream, but fome of this oil is conftantly found in cream- 
ed milk and even in whey : for it has been afeertained 
by a&ual experiment, that butter may be obtained by 
churning whey ; 27 Scotch pints of whey yield at an 

jj Mid •lit- average about a pound of butter [j. This accounts for 
*^‘a*RePort> a faft well known to thofe who fuperintend dairies, that 

a good deal more butter may be obtained from the fame 
quantity of milk, provided it be churned as drawn from 
the cow, than when the cream alone is colledted and 
churned. 

The butter-milk, as Parmentier and Deyeux afeer- 
tained by experiment, poffefles precifely the properties 
of milk deprived of creamy. 

Curd, which may be feparated from creamed milk 
by rennet, has all the properties of coagulated albu- 

Properties men. It is white and folid ; and when all the moifture 
ef curd. js fqUeezed out, it has a good deal of brittlenefs. It 

is infoluble in water ; but pure alkalies and lime diffolve 
it readily, efpecially when affifted by heat ; and when 
fixed alkali is ufed, a great quantity of ammonia is e- 
mitted during the folution. The folution of curd in 
foda is of a red colour, at leaft if heat be employed ; 
owing probably to the feparation of charcoal from the 

* Hid. curd by the action of the alkali*. Indeed, when a 
ftrong heat has been ufed, charcoal precipitates as the 

■fFourcroy, folution coolsf. The matter diflblved by the alkali 
* ' • P-175< may feparated from it by means of any acid ; but it 

has loft all the properties of curd. It is of a black co- 
lour, melts like tallow by the application of heat, leaves 
oily ftains on paper, and never acquires the confidence 

t Hid. of curd^;. Hence it appears that curd, by the aftion 
of a fixed alkali, is decompofed, and converted into two 
new fubftances, ammonia, and oil or rather fat. 

Curd is foluble alfo in acids. If, over curd newly 
precipitated from milk, and not dried, there be poured 
eight parts of water, containing as much of any of the 
mineral acids as gives it a fenlibly acid tafte, the whole 

5 Sdeek, ii. is diflblved after a little boiling^. Acetous acid and 
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ladlic acid do not diflblve curd when very much dilu- 
ted j|. But thefe acids, when concentrated, diflblve it 
readily, and in confiderable quantity^. It is remark- 
able enough, that concentrated vegetable acids diflblve 
curd readily, but have very little aftion on it when they 
are very much diluted: whereas the mineral diflblve 
it when much diluted ; but when concentrated, have 
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either very little effe& on it, as fulphuric acid* ; or Milk. 
decompofe it, as nitric acid. By means of this lail acid, ^ v*— 
as Berthollet difeovered, a quantity of azotic eras may * Pa™‘n' 
be obtained from curd. Uer'%^

d' 
Curd, as is well known, is ufed in making cheefe ; Of cheefe* 

and the cheefe is the better the more it contains of 
cream, or of that oily matter which conftitutes cream. 
It is well known to cheefemakers, that the goodnefs 
of it depends in a great meafure on the manner of fe- 
parating the whey from the curd. If the milk be 
much heated, the coagulum broken in pieces, and the 
whey forcibly feparated, as is the practice in many 
parts of Scotland, the cheefe is fcarce good for any 
thing; but the whey is delicious, efpecially the laft 
fqueezed out whey, and butter may be obtained from 
it in conliderable quantity. A full proof that nearly 
the whole creamy part of the milk has been fepara- 
ted with the whey. Whereas if the milk be not too 
much heated (about iqo° is fufficient), if the coagulum 
be allowed to remain unbroken, and the whey be fepa- 
rated by very flow and gentle preflure, the cheefe is ex- 
cellent ; but the whey is almoft tranfparent, and nearly 
colourlefs. 

Good cheefe melts at a moderate heat ; but bad 
cheefe, when heated, dries, curls, and exhibits all the 
phenomena of burning horn. Hence it is evident, that 
all the properties in which curd differs from albume» 
are owing to its containing combined with it a quantity 
of the peculiar oil which conftitutes the diftinguiftung 
charafteriflic of cream ; hence its flavour and fmell; 
and hence alfo the white colour of milk. 274 

This famenefs of curd and albumen fliews us, that 90aSu^a*' 
the coagulation of milk and of albumen depend upon^0^0^ 
the fame caufe. Heat, indeed, does not coagulate milk, 
becaufe the albumen in it is diluted with too large a 
quantity of water. But if milk be boiled in contaft 
with air, a pellicle foon forms on its furface, which has 
the properties of coagulated albumen : if this pellicle he 
removed, another fucceeds ; and by continuing the boil- 
ing, the whole of the albuminous or curdy matter may 
be feparated from milk*. When this pellicle is allow-* Par™en- 
ed to remain, it falls at laft to the bottom of the veffel, P* 
where, being expofed to a greater heat, it becomes 
brown, and communicates to milk that difagreeable 
tafte which, in this country, is called a ftnged tafte. It 
happens more readily when milk is boiled along with 
rice, flour, &c. 

If to boiling milk there be added as much of any neu- 
tral fait as it is capable of diflblving, or of fugar, or of 
gum arahic, the milkcoagulates, and the curd feparates j-.| Scheele, ii 
Alcohol alfo coagulates milk;}; ; as do all acids, rennet, 52. 
and the infufion of the flowers of artichoke, and of Parmm. 
thiftle}]. If milk be diluted with ten times its weigh 
of water, it cannot be made to coagulate at all^f. || uu. 

Whey, after being filtered, to feparate a quantity oH Scbeele,ii, 
curd which flill continues to float through it, is a thin-54- 
pellucid fluid, of a yellowifh green colour and piea^ant propert;e9. 
fweetilh tafte, in which the flavour of milk may be di-0fwileyo 
ftinguiflied. It always contains fome curd ; but nearly 
the whole may be feparated by keeping the whey for 
fome time boiling ; a thick white feum gathers on the 
furface, which in Scotland is known by the name of 

Jloat whey. When this feum, which confifts of the 
curdy part, is carefully feparated, the whey, after being 
allowed to remain at reft for fome hours, to give the 

remainder 
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Milk, remainder of the curd time to precipitate, is decanted 
-v—‘ off, almoft as colourlefs as water, and fcarcely any of 

the peculiar tafte of milk can be diftinguiffied in it. It 
it be now flowly evaporated, it depolites at laft a num- 
ber of white coloured cryftals, which nefugar of milk. 
Towards the end of the evaporation, fome cryffals of 
muriat of potafs and of muriat of lime make their ap- 

* Parmen- pearance*. According to Scheele, it contains alfo a 
little phofphat of limef 

+ ' After the falts have been obtained from whey, what 
%K»uelle. remains concretes into a jelly on cooling^. Hence it 

follows, that whey alfo contains Whey, then, 
~ is compofed of water, fugar of milk, gelatine, munat 

of potafs, and muriat of lime. The other falts, which 
are fometimes found in it, are only accidentally pre- 
fent. r r • • U 

If whey be allowed to remain for fome time, it be- 
comes four, owing to the formation of a peculiar acid 
known by the name of lattic acid. It is to this property 
of whey that we are to afcribe the acidity which milk 
contrafts ; for a ither curd nor cream, perfectly freed 
from ferum, feem fufceptible of acquiring acid proper- 
ties. Hence the reafon, alfo, that milk, after it be- 
comes four, always coagulates. Boiled milk has the 
property of continuing longer fweet ; but it is lingular 
enough, that it runs fooner to putrefa&ion than ordi- 

# Vnrmm narv milk*. . . , 
tier, ibid. p. The acid of milk differs confiderably from the ace- 
343* tons •, yet vinegar may be obtained from milk by a veiy 

• a7^ Ample procefs. If to fomewhat more than 8 lbs. troy 
TbTaS of fix fpoonfuls of alcohol be added, and the mix- 
from milk, ture well corked be expofed to a heat fufficient to fup- 

port fermentation (provided attention be paid to allow 
the carbonic acid gas to efcape from time to time), the 
whey, in about a month, will be f&und converted into 

+ vinegarf. . , r , n , . , 
68. Milk is almoft the only animal fubftance which may 

*97 be made to undergo the vinous fermentation, and to af- 
^Tilk UIV ford a liquor refembling wine or beer, from which al- 
SSciot cohol may be feparated by diftillation TUs (mgalar 

faift feems to have been hrft difcovered by the I artars , 
they obtain all their fpirituous liquors from mares milk. 
It has been afcertained, that milk is incapable of being 
converted into wine till it has become lour ; after this, 
nothing is neceflary but to place it in the proper tern- 
perature, the fermentation begins of its own accord, 
and continues till the formation of wine be completed^. 
Scheele had obferved, that milk was capable of ferment- 

_ ing, and that a great quantity of carbonic acid gas was 
11 ii.extricated from it during this fermentationIj. ut ic 
<56. did not fufpea, that the refult of this fermentation was 

the formation of an intoxicating liquor fimilarto wine. 
When milk is diftilled by the heat of a water bath, 

there comes over water, having the peculiar odour ot 
milk ; which putrifies, and confequently contains, be- 
fides mere water, fome of the other conftituent parts of 
milk. After fome time, the milk coagulates^, as al- 
ways happens when hot albumen acquires a pertain de- 
gree of concentration. There remains behind a thick 
Snftuous yellowilh white fubftance, to which Hoffman 
gave the name of franchipann. This fubftance, when 
the fire is increafed, yields at firft a tranfparent liquid, 
which becomes gradually more coloured ; fome very 
fluid oil comes over, then ammonia, an acid, and at laft 
a very thick black oil. Towards the end of the pro- 
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cefs carbonated hydrogen gas is difengaged*. There Milk, 
remains in the retort a coal which contains carbonat of ^ 
potafs, muriat of potafs, and phofphat of lime, and p, 
fometimes magnefia, iron, and muriat of fodaf. 

Thus we fee, that cow’s milk is compofed of the fol-i Mem. 
lowing ingredients. 

1. Water, 5. Sugar of milk, 
2. Oil, 6. Muriat of lime, 
3. Albumen, 7. Muriat of potafs, 
4. Gelatine, 8. Sulphur. 

The milk of all other animals, as far as it has hither- 
to been examined, confifts nearly of the fame ingre- 
dients ; but there is a very great difference in their pro- 
portion. 179 

Woman’s milk has a much fweeter tafte than cow’s Woman’s 
milk. When allowed to remain at reft for a fufticient mi&. 
time, a cream gathers on its furface. This cream is 
more abundant than in cow’s milk, and its colour 14 
ufually much whiter. After it is feparated, the milk is 
exceedingly thin, and has the appearance rather (i wney, 
with-a bluifh white colour, than of creamed milk. None 
of the methods by which cow’s milk is coagulated fuc- ^ 
ceed in producing the coagulation oi woman’s milk *. 
It is certain, however, that it contains curd ; for if itjj ^^ J 

be boiled, pellicles form on its furiace, which have all t 'm n 
the properties of curdf. Its not coagulating, there- 
fore, mull be attributed to the great quantity of water ^ 
with which the curd is diluted. 

Though the cream be churned ever fo long, no but- 
ter can be obtained from it ; but if, after being agita- 
ted for fome hours, it be allowed to remain at reft tor a 
day or two, it feparates into two parts ; a fluid which 
occupies the inferior part of the veflel, pellucid, and co- 
lourlefs, like water, and a thick white unftuous fluid, 
w'hich fwims on the furface. The lowermoft fluid con- 
tains fugar of milk and fome curd ; the uppermoft 
does not differ from cream except in confidence. The 
oily part of the cream, then, cannot be feparated by agi- 
tation from the curd j;. This cream contains a greater t 
portion of curd than the cream of cow’s milk*: . * Ibid. 

When this milk, after the curd is feparated from it, 
is flowly evaporated, it yields cryffals of fugar of milk, 
and of muriat of foda. The quantity of fugar is rather » 
greater than in cow’s milk. According to Haller, the. 
fugar obtained from cow’s milk is to that obtained 
from an equal quantity of woman’s milk as 3 .5 * 5^’ an<I 
fometimes as 37 : 67, and in all the intermediate latios. 

Thus it appears, that woman’s milk differs from that 
of cow’s in three particulars. -zEo 

1. It contains a much fmaller quantity of curd. Itspecu- 
2. Its oil is fo intimately combined with its curd,liantie8- 

that it does not yield butter. 
3. It contains ratlier more fugar of milk. 
Parmentier and Deyeux afcertained, that the quan- 

tity of curd in woman’s milk increafes in proportion to 
the time after delivery||. Nearly the fame thing has D Ttid.^ 
been obferved with refpeft to cow’s milk. 

Ass’s milk has a very ftrong refemblance to hu-A^,3mi,fc 
man milk: it has nearly the fame colour, fmell, and 
confiftence. When left at reft for a fufficient time, a 
cream forms upon its furface, but by no means in fuch 
abundance as in woman’s milk. I his cream, by veiy 
long agitation, yields abutter,which is always foft,white, 
and tallelefs; and, what is Angular, very readily mixes 
again with the butter-milk; but it may be again fepa- 
6 4E* rated 



588 
Milk, 
Saliva. 

* Tarmen- 
tier, p. 423 

a8a 
Its pecu- 
liarities. 

483 
Goat’sniilk 

f Ibid. p. 
4»S- 

284 
Ewes milk 

t Hid. p. 
428. 

185 
Mares 
xrnlk. 

|| Ibid p. 
43 >• 

i%6 
Properties 
of faliva. 

•* Haller's 
Fly/, vi. 
b *• 

NarceJJus. 
Haller, ibid. 
P- 54- 
^ Fordyce en 
Digejl. p. 
51. 
§ Fourcroy, 
Sinn- de 
Cbim. 
xxviii. »6a. 
•i Ibid 

& Haller s 
Phyf. vi. 
54- 

Animal SUB 
rated by agitation, while the veffel, which contains it, is 
plunged in cold water. Creamed afs’s milk is thin, and 
has an agreeable fweetifh tafte. Alcohol and acids fe- 
parate from it a little curd, which has but a fmall de- 
gree of confiftence. The ferum yields fugar of milk 
and muriat of lime *. 

Afs’s milk therefore differs from cow’smilk in three 
particulars. 

1. Its cream is lefs abundant and more infipid. 
2. It contains lefs curd. 
3. It contains more fugar of milk : the proportion is 

35'; 80. 
Goat’s milk, if we except its confiftence, which is 

greater, does not differ much from cow’s milk. Like 
that milk, it throws up abundance of cream, from which 
butter is erfily obtained. The creamed milk coagu- 
lates juft as caw's milk, and yields a greater quanity of 
curd. Its whey contains fugar of milk, muriat of lime, 
and muriat of foda j-. 

Ewe’s milk refembles almoft precifely that of the 
cow. Its cream is rather more abundant, and yields a 
butter which never acquires the confiftence of butter 
from cow’s milk. Its curd has a fat and vifcid appear- 
ance, and is not without difficulty made to affume the 
confiftence of the curd of cow’s milk. It makes excel- 
lent cheefe j;. 

Mare’s milk is thinner than that of the sow, but 
fcarcely fo thin as human milk. Its cream cannot be 
converted into butter by agitation. The creamed milk 
coagulates precifely as cow’s milk, but the curd is not 
fo abundant. The lerum contains fugar of milk, ful- 
phat of lime, and muriat of lime ||. 

Sect. IX. Gf Saliva. 

The fluid fecreted in the mouth, which flows in con- 
liderable quantity during a repaft, is known by the 
name of faliva. No accurate analyfis has hitherto been 
made of it, though it poflefies feme very lingular pro- 
perties. 

It is a limpid fluid like water, but much more vifcid : 
it has neither fmell nor tafte. 

Its fpecific gravity, according to Hamberger, is 
1.0167 #. When agitated, it frothes like all other ad- 
hefive liquids ; indeed it is ufually mixed with air, and 
has the appearance of froth. 

It neither mixes readily with water nor oil f ; but 
by trituration in a mortar, it may be mixed fo with wa- 
ter as to pafs through a filter J. It has a great affinity 
for oxygen, abforbs it readily from the air, and gives it 
out again to other bodies $. Hence the reafon why 
gold or filver, triturated with faliva in a mortar, is oxy- 
dated, as Dutenner has obferved ; and why the killing 
of mercury by oik; is much facilitated by fpitting into 
the mixture Hence alfo, iu all probability, the rea- 
fon that faliva is a ufeful application to fores of the Ikin. 
Dogs, and feveral other animals, have conftantly re- 
courfe to this remedy, and with much advantage. 

Saliva is coagulated by oxy muriat of mercury, by 
alcohol, and by nitre*. Therefore, in all probability, 
it contains albumen and gelatine, or fome analogous 
fubftances. 

When 100 parts of faliva are diftilted, there came over 
80 parts of water nearly pure, then a little carbonat of 
ammonia, fome oil, and an acid, which perhaps is the 
pruffic. The reiiduum amounts to about 1.56 parts, 
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and is conipofed of muriat of foda and phofphat of Bile. 
lime j*. ——v— 

The tartar of the teeth, which is a cruft depofited Tartar of 
from faliva, conlifts, as Fourcroy has afeertained, of the teeth. 
phofphat of lime. a88 

The pancreatic juice has never been examined.p^ncreat'c 

with much attention ; but it does not appear, from the^J^. en 
experiments that have been made, to differ much from 'Textor, * 
faliva. Nud, &c. 

e v nr n as <luoted 
Sect. X. Of Bile. by Haller, 

Bile is a liquid of a yellowiffi green colour, an unc-^p^*v;* 
tuous feel, and bitter tafte, is fecreted by the liver ; and 
in moft animals confiderable quantities of it are ufually 
found colledled in the gall-bladder. 

Great attention has been paid to this liquid by phy- 
ficians ; becaufe the ancients were accuftomed to aferibe 
a very great number of difeafes, and even affe&ions of 
the mind, to its agency. The mofl: accurate chemical 
analyfis of it which has hitherto appeared, is that of Mr 
Cadet, which was publifhed in the Memoirs of the 
French Academy of Sciences for the year 1767. Se- 
veral important obfervations had been previoufly made 
on it by Boyle, Boerhaave, Verheyen, Ramfay, and 
Baglivi; and fome fafts have fince been added to our 
chemical knowledge of bile by Maclurg and Fourcroy. 
The experiments have chiefly been confined to the bile 
of oxen, known in this country by the name of gall; 
beeaufe it is moft eafily procured in large quantities. 

The fpecific gravity of bile feems to vary, like that Properties 
of all other animal fluids. According to Hartmann, it of bile, 
is 1.027*. When ftrongly agitated, it lathers like * 
foap ; and for this reafon, as well as from a medical VK 

theory concerning its ufe, it has been often called ani4 ' 
animal foap. 

It mixes readily with water in any proportion, and 
affumes a yellow colour: but it refufes to unite with 
oil when the two fluids are agitated together; -the in- 
llant that they are left at reft, the oil feparates and 
fwims on the furface f. \ Ramfay, 

When muriatic acid is poured upon bile, let it be ever Tbefaur. 
fo frefh, an odour of fulphurated hydrogen gas is con-Afo^ Ed in. 
llantly exhaled J. When on 100 parts of ox-bile four’k.4^' 
parts of ftrong muriatic acid are poured, the whole in-p IOi ** 
ftantly coagulates ; but in fome hours the greater part 290 
becomes again fluid; and when paffed through the filterIts C0RH10- 
it leaves 0.26 of a white matter, which has all the Pro' TclJJ1 tS" 
perties of albumen $. This matter was dete&ed by par% 
Ramfay; who found that it could be precipitated from 1707. p. 
bile by alcohol, acetous acid, fulphat of potafs, and mu- 34°- 
riat of foda*. Cadet afeertained, that 100 parts of^^ieraur 
ox-bile contain about 0.52 of albumen. It is precipi-^^^j, 
tated in a ftate of purity by oxy muriatic acid, pro-460. 
vided that acid be not employed in excels j'. t Fourcroy, 

The muriatic acid folution, alter the feparation 
the albumen, has a fine grafs-green colour. When con- 
centrated by fome hours evaporation in a glafs cucur- 
bit on hot coals, it depofites a very copious precipi- 
tate, and lofes almoft the whole of its green colour. By 
longer evaporation, a new precipitate, fimilar to the 
firft, appears, and the remaining liquid affumes the 
colour of beer. The precipitate poffeffes all the pro- 
perties of the refin of bile. In its moift ftate it amounts 
to 10.8 parts J. The fame fubftances may be ob- f Cadet,ibid 
tained from bile by nitric acid j but the refin in that 

cafe 
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cafe has a yellow colour, and its properties are fome- 
what altered *. 

If i oo parts of bile be gently evaporated to drynefs 
by a very moderate heat, the dry mafs only weighs 10 
parts, and has a browniih black colour. When expofed 
to a ftrong heat in a crucible, this matter fwells up, 
takes fire, and emits very thick fumes. The refiduum 
amounts to 1.09. By lixivation with water, 1.87 
of cryftallized foda may be obtained f; confequently 100 
parts of bile contain, according to Mr Kirwan’s table, 
0.403546 of pure foda. But it is evident that, by this 
method, part of the foda mud have been evaporated ; 
therefore too parts of bile contain more than 0.403546 
of foda. Befides the foda, there is found alfo a fmall 
portion of muriat of foda J. 

Cadet found the refiduum, after the feparation of the 
falts, of a black colour : it gave fome traces of iron. 
He alfo obtained a calcareous fait from bile, which he 
confidered as a fulphat ; but it is more than probable 
that it was phofphat of lime. 

Cadet alfo obtained from bile, by evaporating the 
muriatic acid folution after the feparation of the refin, 
a fait which crydallized in trapeziums; it had afweetifh 
tade, and was confidered by him as analogous to fugar 
of milk *. 

Thus we fee that bile contains the following ingre- 
dients : 

1. Water, 5. A fweetifh fait, 
2. Refin, 6. Muriat of foda, 
3. Albumen, 7. Phofphat of lime, 
4. Soda, 8. Iron. 

The proportion of thefe ingredients has by no means 
been afcertaiued. The prefence of iron has been de- 
nied in bile, becaufe it gives no blue precipitate with 
pruffic alkali, and becaufe tin&ure of nut-galls does not 

\Madurg, give it a black colour f. But thefe reafons are infuffi- 
P-56. cient to overturn the experiment of Cadet, who a&ually 

found it in bile. 
When four parts of vinegar and five of bile are mix- 

ed together, the mixture has a fweettade, and does not 
coagulate milk. The latdic acid has precifely the iame 

i Rarnfay, effe6t as vinegar 
ibid. ?. 46a. When bile is diddled in a water bath, it afibrds a 

tranfparent watery liquor, which contracts a pretty 
drong odour, not unlike that of mulk or amber, efpe- 
cially if the bile has been kept for fome days before it 

§ Fourcroy, fs fubmitted to diftillation The refiduum is of a 
iii. 294. deep browniih green ; it attracts moidure from the air, 

and didblves readily in water. When diddled in a re- 
tort, it afi'ords a watery liquor of a yellowilh colour, 
and impregnated with alkali, oil, carbonat ot ammonia, 
carbonic acid, and hydrogen gas. The coaly refiduum 

ft Ibid. js eafily incinerated *. Bile, expofed to a temperature 
between 65° and 85° foon lofes its colour and vifcidity, 
acquires a naufeous fmell, and depofites whitifh mucila- 
ginous flakes Alter the putrefaction has made confi- 
derable progrefs, its fmell becomes fweet, and refembles 

\Ibid. amber f. If bile be heated, and flightly concentrated 
by evaporation, it may be kept for many months with- 

% rauquelin.oni alteration J. 

Sect. XI. Of Biliary Calculi. 

Hard bodies fometimes form in the gall bladder, or 
in the dud through which the bile paffes into the in- 
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tedinal canal, and flop up the paffage altogether. Thefe Biliary Cal- 
concretions have got the name of biliary calculi or gall- cu . 

Jlones. As they are formed in the midlt of bile, and 
as the fubftances of which they are compofed muft be 
derived from the bile, it is proper to give an account of 
them here, becaufe their properties cannot fail to throw 
fome additional light on the nature of bile itfelf. 

Biliary calculi, all of them at leall which have been Biliary cal. 
hitherto examined with attention, may be divided intocuhof ■» 1 /y three kinds# three claiies. \ 

1. The firfl kind comprehends thofe which have a 
white colour, and a cryltallized, fhining, lamellated 
ftrudture. 

2. The fecond is dark coloured, and has precifely 
the appearance of infpiffated bile. Both thefe kinds are 
combufiible. 

3. The third kind comprehends thofe gall-ftones 
which do not flame, but gradually wafte away at a red 
heat. 

We fhall take a view of each of thefe kinds of bilia- 
ry calculi in their order. For the greater part of the 
chemical knowledge which has been hitherto acquired 
of them, the world is chiefly indebted to Mr Four- 
croy. a9* . 

I. The firft fpecies of biliary calculi was pointed out P
f
r”?erflea 

for the firft time by Haller, in a diflertation publilhed0 1 e r 

in 1749. Walt her afterwards added feveral new fafts; 
and at laft it was accurately deferibed by Vicq d’Azyr. 
It is almoft always of an oval ftiape, fometimes as large 
as a pigeon’s egg, but commonly about the fize of a 
fparrow’s ; and for the moft part only one calculus 
(when of this fpecies) is found in the gall bladder at a 
time. It has a white colour ; and when broken, pre- 
fents cryftalline plates or ftriae, brilliant and white like 
mica, and having a foft greafy feel. Sometimes its co- 
lour is yellow or greenifti; and it has conftantly a nu- 
cleus of infpiflated bile -I-. | Tourcroyt 

Itsfpecific gravity is lower than that of water: Gren Ann.d* 
found he fpecific gravity of one 0.803 $• Cbim.m. 

When expofed to a heat confiderably greater than 'z^'nn de 
that of boiling water, this cryftallized calculus foftens ciim. v.- 
and melts, and cryftallizes again when the temperature 186. 
is lowered §. It is altogether infoluble in water ; but § Fourcroy, 
hot alcohol dilfolves it with facility. Alcohol, of the iW. ii. 143. 
temperature of 167°, diflblves To lts weight of tlqs 
fubftance; but alcohol, at the temperature of 6o«, 
fcarcely diffolves any of it*. As the alcohol cools, * W. p. 
the matter is depofited in brilliant plates refembling ... 
talc or boracic acid •}'. It is foluble in oil of turpen- 
tine When melted, it has the appearance of oil, j Gr<r*, 
and exhales the odour of melted wax : when fuddenly ii/V. v. 187. 
heated, it evaporates altogether in a thick tmoke. It 
is foluble in pure alkalies, and the folutron has all the 
properties of a foap. Nitric acid alfo diflblves it; but 
it is precipitated unaltered by water |. _ } Fcurcroy^. 

This matter, which is evidently the fame with the ibid. ni. 
cryftals which Cadet obtained from bile, and which he 147* 
confidered as analogous to fugar of milk, has a ftrong 
refemblance to fpermaceti. Like that iubftance, it is 
of an oily nature, and inflammable ; but it differs from 
it in a variety of particulars. 

Since it is contained in bile, it is not difficult to fee 
how it may cryftallize in the gall-bladder if it happens 
to be more abundant than ufual; and the confequence 

mufti 
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a quantity of the fame fubftance in the dried human 
liver *. 

2. The fecond fpecies of biliary calculus is of a round 
or polygonal fhape, of a grey colour exteriorly, and 
brown within. It is formed of concentric layers of a 
matter which feems to be infpiflated bile ; and there is 
ufually a nucleus of the white crystalline matter at the 
centre. For the moll part there are many of this fpe- 
cies of calculus in the gall-bladder together : indeed it 
is frequently filled with them. Their fize is uiually 
much fmaller than that of the laft fpecies. 

T1 iis is the moll common kind of gall-hone. It may 
be confidered as a mixture of infpiflTated bile, and of the 
cryhalline matter which forms the firh fpecies : and the 
appearance of calculi of this kind mull vary coniider- 
ably, according to the proportion of thefe ingredients. 

3. Concerning the third fpecies of gall-hone, very 
little is known with accuracy. Dr Saunders tells us, 
that he lias met with fome gall-hones infoluble both in 
alcohbl and oil of turpentine ; fome which do not ilame, 
but become red, and confume to an afh like a char- 
coal f. Haller quotes feveral examples of hmilar cal- 
culi J. 

Gall-hones often occur in the inferior animals, parti- 
cularly in cows and hogs; but the biliary concretions 
of thefe animals have not hitherto been examined with 
attention. 

Sect. XII. Of Tears. 

That peculiar huid which is employed in lubrica- 
ting the eye, and which is emitted in confiderable quan- 
tities when we exprefs grief by weeping, is known by 
the name of tears. For an accurate analyhs of this fluid, 
chemihry is indebted to Mehrs Fourcroy and Vauque- 
lin. Before their diflertation, which was publifned in 
1791, appeared, fcarcely any thing was known about 
the nature of tears. 

The liquid called tears is tranfparent and colourlefs 
like water ; it has fcarcely any fmell, hut its tahe is al- 
ways perceptibly fait. Its fpecific gravity is fomewhat 
greater than that of dihilled water. It gives to paper, 
hained with the juice of the petals of mallows or violet, 
a permanently green colour, and therefore contains a 
fixed alkali *. It unites with water, whether cold or 
hot, in all proportions. Alkalies unite with it readily, 
and render it more fluid. The mineral acids produce 
no apparent change upon it ■[. Expofed to the air, 
this liquid gradually evaporates, and becomes thicker. 
When nearly reduced to a Hate of drynefs, a number 
of cubic cryltals form in the midfl. of a kind of muci- 
lage. Thefe cryltals poflefs the properties of muriat of 
foda ; only they tinge vegetable blues green, and there- 
fore contain an excels of foda. 
ter acquires a yellowiflt colour as it dries jl. 

This liquid boils like w'ater, excepting that a confi- 
derable froth colledts on its furface. If it be kept a 
fufficient time at the boiling temperature, -r9^ parts of 
it evaporate in water; and there remain about .04 parts 
of a yellowifh matter, which by diltillation in a ftrong 
heat yield water and a little oil: the refiduum confifts 
of different faline matters §. 

When alcohol is poured into this liquid, a mucilagi. 
nous matter is precipitated in the form of large white 
flakes. The alcohol leaves behind it, when evaporated, 

The mucilaginous mat- 

• Pa ft’IT, 
The refiduum which Tears, 

remains behind, wdien infpiffated tears are burnt in the sinovia. 
open air, exhibits fome traces of phofphat of lime and 
phofphat of foda ||. : ^vuyroy, r mi • 1 a-d 1 o“- I bus it appears that tears are compofed of the (o\ yudm,yw^ 
lowing ingredients : de Pbyj. p. 

1. Water, 4. Soda, 
2. Mucilage, 5. Phofphat of lime, Comnonent 
3* Munat of foda, 6. Phofphat of foda. parts! 

The faline parts amount only to about 0.01 of the 
whole, or probably not fo much. 

The mucilage contained in the tears has the property 
of abiorbing oxygen gradually from the atmofphere, 
and of becoming thick and vifeid, and of a yellow co- 
lour. It is then infoluble in water, and remains long 
fulpended in it without alteration. When a I’ufficicnt 
quantity of oxy-muriatic acid is poured into tears, a 
yellow flaky precipitate appears abfolutely fimilar to 
this infpiffated mucilage. The oxy-muriatic acid lofes 
its peculiar odour ; hence it is evident that it has given 
out oxygen to the mucilage. The property which this 
mucilage has of absorbing oxygen, and of acquiring 
new qualities, explains the changes winch take place in 
tears which are expofed for a long time to the adlion 
oi the atmofphere, as is the cafe in tbofe perfons who 
labour under a fiftula lachrymalis *. * ifj 

The mucus of the nofe has alfo been examined bylj7/ ' P‘ 
Fourcroy and Vauquelin. They found it compofed of ' 297 
precifely the fame ingredients with the-tears. As thisMucus °f 
fluid is more expofed to the aftion of the air than thethenofe' 
tears, in moft cafes its mucilage has undergone lefs or 
more of that change which is the confequence of the 
abforption of oxygen. Hence the reafon of the great- 
er vifeidity and confidence of the mucus of the nofe ; 
hence alfo the great confidence which it acquires du- 
ring colds, where the action of the atmofphere is abid- 
ed by the increafed action of the parts +. r t Ibid, p. 

Sect. XIII. Of Sinoe 'ia. *59- 

Within the capfular ligament of the different joints 
of the body, there is contained a peculiar liquid, in- 
tended evidently to lubricate the parts, and to facilitate 
their motion. This liquid is known among anatomilts 
by the name offinovia. 

Whether it be the fame in different animals, or even 
in all the different joints of the fame animal, has not 
been determined ; as no accurate analyfis of the finovia 
of different animals has been attempted. The only 
aualyfis of finovia which has hitherto appeared is that 
by Mr Margueron, which was publifhed in the 14th 
volume of the Annalcs de Cbimie. He made ufe of fi- 
novia obtained from the joints of the lower extremities 
of oxen. „ 

The finovia of the ox, when it has jud flowed froms;rovia of 
the joint, is a vifeid femitranfparent fluid, bf a greeniflithe ox. 
white colour, and a fmell not unlike frog fpawn. It 
very foon acquires the confidence of jelly ; and. this hap- 
pens equally whether it be kept in a cold or a hot tem- 
perature, whether, it be expofed to the air or excluded 
from it. This confidence does not continue long ; the 
finovia foon recovers again its fluidity, and at the fame * Margutm 
time depofites a thready-like matter *. 

Sinovia mixes readily with water, and imparts to that^jv
C^j 

liquid a great deal of vifeidity. The mixture frothes 299 
when agitated j becomes milky when boiled, and depo-bs proper* 
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files fome pellicles on the fides of the dilh ; but its vif- 
cidity is not diminifliedf. 

When alcohol is poured into finovia, a white fub* 
.{lance precipitates, which has all the properties of al- 
bumen. One hundred parts of finovia contain 4»52 

albumen. The liquid {till continues as vifcid as ever ; 
but if acetous acid be poured into it, the vifcidity dif- 
appears altogether, the liquid becomes tranfparent, and 
depofites a quantity of matter in white threads, which 
poffelfes the following properties: 

1. It has the colour, fmell, taile, and elafticity of ve- 
getable gluten. 

2. It is foluble in concentrated acids and pure al- 
kalies. 

3. It is foluble in cold water, the folution frothes; 
acids and alcohol precipitate the fibrous matter in 
flakes. One hundred parts of finovia contain 11.86 of 
this matter %. 

When the liquid, after thefe fubftances have been fe- 
parated from it, is concentrated by evaporation, it de- 
pofites cryftals «>f acetite of foda. Sinovia, theietore, 
contains foda. Margueron found that ioo parts of fi- 
novia contained about 0.71 of foda. 

When ftrong fulphunc, muriatic, nitric, acetic, 01 
fulphurous acid i^ poured into finovia, a number of 
white flakes precipitate at firft, but they are foon re- 
diffolved, and the vifcidity of the liquid continues. When 
thefe acids are diluted with five times their weight of 
water, they diminilh the tranfparency of finovia, but 
not its vifcidity ; but when they are fo much diluted 
that their acid tafte is juft perceptible, they precipitate 
the peculiar thready matter, and the vifcidity of the fi- 
novia difappears iS. 

When finovia is expofed to a dry atmofphere it gra- 
dually evaporates, and a fcaly refiduum remains, in 
which cubic cryftals, and a white faline efflorefcence, 
are apparent. The cubic cryftals are muriat of foua. 
One hundred parts of finovia contain about 1.75 of this 

. fait. The faline efllorefcence is carbonat of loda||. 
Sinovia foon putrefies in a moift atmofphere, and du- 

ring the putrefaction ammonia is exhaled. When fino- 
via is diftilled in a retort there comes over, firft water, 
which fobn putrefies ; then water containing ammonia ; 
then empyreumatic oil and carbonat of ammonia. From 
the refiduum muriat and carbonat of foda may be ex- 
traded by lixiviation. The coal contains fome phof- 
phat of lime 

From the analyfis of Mr Margueron it appeals that 
finovia is cbrnpofed of the following ingredients : 

11.86 fibrous matter, 
4.72 albumen, 
1.75 muriat of foda, 
.71 foda, 
.70 phofphat of lime (n), 

80.57 water, 

100.00. 

Sect. XIV. Of Semen. 

The peculiar liquid fecreted in the teftes of males, 
and deftined for the impregnation of females, is known 
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by the name of fernen. The human femen alone has 
hitherto been fubjeded to chemical analyfis. Nothing 
is known concerning the feminal fluid oi other animals. 
Vauquelin publiftied an analyfis ot the human femen in 
1791* 

Semen, when newly ejeded, is evidently a mixture Properties 
of two different fubftances: the one, fluid and milky,0* temen 
which is fuppofed to be fecreted by the proftate gland ; 
the other, which is confidered as the true fecretion of 
the teftes, is a thick mucilaginous lubftance, m which ^ ^ 
numerous white Alining filaments may be difcovered*. ^ 
It has a flight difagreeable odour, an acrid irritating^ G^.ix . 
tafte, and its fpecific gravity is greater than that of64. 
water. When rubbed in a mortar it. becomes frothy, 
and of the confiftence of pomatum, in confequence of 
its enveloping a great number of air bubbles. It con- 
verts paper ftained with the bloffoms of mallows or 
violets to a green colour, and confequently contains an ... 
alkali-f. 65 * 

As the liquid cools, the mucilaginous part becomes 
tranfparent, and acquires greater confiftency ; but in 
about twenty minutes after its emiflion, the whole be- 
comes perfedly*liquid. This liquefadion is not.owing 
to the abforption of moifture from the air, tor it loles 
inftead of acquiring weight during its expofure to the 
atmofphere; nor is it owing to the adion or the an, 
for it takes place equally in clofe veffels %. t ^d. p. 

Semen is infoluble in water before this fpontaneous 
liquefadion, but afterwards it diffolves readily in it. 
When alcohol or oxy-muriatic acid is poured into this 
folution, a number of white flakes are precipitated $ AP« 
Concentrated alkalies facilitate its combination with' * 
water. Acids readily diffolve the femen, and the .folu- 
tion is not decompofed by alkalies ; neither indeed is the 
alkaline folution decompofed by acids ||. IIP~ 

Lime difengages no ammonia from trefh femen ; but z1* 
after that fluid has remained for fome time in a moift 
and warm atmofphere, lime feparates a great quantity 
from it. Confequently ammonia is formed during the 
expofure of femen to air <|j. _ 1 ' * 

When oxy-muriatic acid is poured into femen, a ■ 301 
msmber of white flakes precipitate, and the acid lofes Us compo- 
its peculiar odour. Thefe flakes are infoluble in water,nent 1 
and even in acids. If the quantity of acid be fufficient, 
the femen acquires a yellow colour. Thus it appeals 
that femen contains a mucilaginous fubftance, analogous 
to that of the tears, which coagulates by abforbing oxy- 
gen. Mr Vauquelin obtained from 100 parts of iemen 
fix parts of this mucilage. _ 

When femen is expofed to the air about the tempe- 
rature of 6o°, it becomes gradually covered with a 
tranfparent pellicle, and in three or four days depofites ^ 
fmall tranfparent cryftals, often croffing each other in 
fuch a manner as to reprefent the Ipokes of a wheel. 
Thefe cryftals, when viewed through a microfcope, ap- 
pear to be four-fided prifms, terminated by very long 
four-fided pyramids. They may be feparated by di- 
luting the liquid with water, and decanting it oft. 1 hey 
have all the properties of phofphat of lime *. If, after * 74»V.p, 
the appearance of thefe cryftals, the femen be ftill al-67 and 73, 
lowed to remain expofed to the atmofphere, the pellicle on 

(») Mr Hatchett found only 0.208 of phofphat of lime in the f™™ wWch he e7“:"£d- 
ever, traces of fome other phofphat; probably phofphat of foda. EM TranJ. 1799, p. 240, 

He found, laow^ 
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on its furface gradually thickens, and a 
white round bodies appear on different parts of it. 
Thefe bodies alfo are phofphat of lime, prevented from 
cryftallizing regularly by the too rapid abftra&ion of 
moifture. Mr Vauquelin found that 100 parts of fe« 
men contain three parts of phofphat of limef. If at 
this period of the evaporation the air becomes moifl, 
other cryftals appear in the femen, which have the pro- 
perties of carbonat of foda. The evaporation does not 
go on to complete exficcation, unlefs at the tempera- 
ture of 770, and when the air is very dry. When all 
the moiflure is evaporated, the femen has loft o.q of its 
weight, the refiduum is femi-tranfparent like horn, and 
brittle j. 

When femen is kept in very moift air, at the tem- 
perature of about 77°, it acquires a yellow colour, like 
that of the yolk of an egg : its tafte becomes acid, it 
exhales the odour of putrid fifh, and its furface is co- 
vered with abundance of the byffus feptica $. 

When dried femen is expofed to heat in a crucible, 
it melts, acquires a brown colour, and exhales a yellow 
fume, having the odour of burnt horn. When the heat 
is railed, the matter fwells, becomes black, and gives 
out a ftrong odour of ammonia. When the odour of 
ammouia difappears, if the matter be lixiviated with 
water, an alkaline folution may be obtained, which, by 
evaporation, yields cryftals of carbonat of foda. Mr 
Vauquelin found that ioo parts of femen contain one 
part of foda If the refidaum be incinerated, there 
will remain only a quantity of white afhes, confifting of 
phofphat of lime. 

1 hus it appears that femen is compofed of the fol- 
lowing ingredients 4 

go water, 
6 mucilage, 
3 phofphat of lime, 
i foda. 

Animal SUBSTANCES. PartII. 
number of quantity of water. At the fame time it exhales the Liquor of 

odour of boiled white of egg *. 
Acids render it more tranfparent. Alkalies preci- 

pitate an animal matter in fmall flakes. Alcohol like-* 
wife produces a flaky precipitate, which, when col-Cft/w.xxxiii, 
lefted and dried, becomes tranfparent, and very likea7*« 
glue. The infuiion of nut-galls produces a very co- 
pious brown coloured precipitate. Nitrat of fdver oc- 
cafions a white precipitate, which is infoluble in nitric 
acid, and confequently is muriat of filver f. t 

When flowly evaporated it becomes flightly milky, 
a tranfparent pellicle forms on its furface, and it leaves 
a refiduum which does not exceed 0.012 of the whole. 
By lixiviating this refiduum, and evaporating the ley, 
cryftals of muriat and carbonat of foda may be obtain- 
ed. The remainder, when incinerated, exhales a fetid 
and ammoniacal odour, refembling that of burning horn; 
the afhes confift of a fmall quantity of carbonat of foda, 
and of phofphat and carbonat of lime J. ^ 

Thus we fee that the liquor of the human amnios is 37a, 
compofed of about 

98.8 water, 
f albumen, 

1. .2 muriat of foda, foda, 
(. phofphat of lime, lime. 
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Sect. XV. Liquor of the Aumos. 

The foetus in the uterus is enveloped in a peculiar 
membranous covering, to which anatomifts have given 
the name of amnios. Within this amnios there is a li- 
quid, diftinguifhed by the name of the liquor of the am- 
nios, which furrounds the foetus on every part. This 
liquid, as might have been expe&ed, is very different 
in different animals, at leaft the liquor amnii in women 
and in cows, which alone have hitherto been analyfed, 
have not the fmalleft refemblance to each other. Thefe 
two liquids have been lately analyfed by Vauquelin and 
Buniva, and the refult of their analyfis has been publifh- 
ed in the 33d volume of the Annales de Chimie. 

T. The liquor of the amnios of women is a fluid of a 
flightly milky colour, a weak but pleafant odour, and 
a faltiih tafte. The white colour is owing to a curdy 
matter fufpended in it, for it may be obtained quite 
tranfparent by filtration *. 

. Its fpecific gravity is 1.005. It gives a green co- 
lour to the tin&ure of violets, and yet it reddens very 
decidedly the tin&ure of turnfol. Thefe two proper- 
ties would indicate at once the prefence of an acid and 
of an alkali. It frothes coniiderably when agitated. 
On the application of heat it becomes opaque, and has 
then a great refemblance to milk diluted with a large 

While the foetus is in the uterus, a curdy-like matter Curdy mat- 
is depofited on the furface of its fkin, and in particularter depofi- 
parts of its body. This matter is often found colledtedj^^ t^ic 

in confiderable quantities. It is evidently depofited 
from the liquor of the amnios ; and confequently the 
knowledge of its peculiar nature muft throw confider- 
able light upon the properties and ufe of that liquor. 
For an analyfis of this fubftance we are alfo indebted to 
Vauquelin and Buniva. 

Its colour is white and brilliant; it has a foft feel, 
and very much refembles newly prepared foap. It il 
infoluble in water, alcohol, and oils. Pure alkalies dif- 
folve part of it, and form with it a kind of foap. On 
burning coals it decrepitates like a fait, becomes dry 
and black, exhales vapours which have the odour of 
empyreumatic oil, and leaves a refiduum, which is very 
difficultly reduced to allies. When heated in a platinum 
crucible it decrepitates, lets an oil exfude, curls up like 
horn, and leaves a refiduum confiftiug chiefly of car- 
bonat of lime J. 1 Mid. p. 

Thefe properties fhew that this matter is different2^’ 
from every one of the component parts of the liquor of 
the amnios, and that it has a great refemblance to the 
fat. It is probable, as Vauquelin and Buniva have 
conje&ured, that it is formed from the albumen of that 
liquid, which has undergone forae unknown changes. 
It has been long known, that the parts of a foetus 
which has lain for fome time after it has been deprived 
of life in the uterus, are fometimes converted into a 
kind of fatty matter. It is evident that this fubftance, 
after it is depofited upon the Ikin of the foetus, muft 
preferve it in a great meafure from being afted upon 
by the liquor of the amnios. 305 

2. The liquor of the amnios of the cow has a vifei-Liquor of 
dity fimilar to mucilage of gum arabic, a brownifli red^eamajo* 
colour, an acid and bitter tafte, and a peculiar odour, 
not unlike that of fome vegetable extradfs. Its fpecific 
gravity is 1.028. It reddens the tin&ure of turnfol, 

and 
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iquor of and therefore contains an acid. Muriat of barytes 

caufes a very abundant precipitate, which renders it pro- 
babk that it contains fulphuric acid. Alcohol feparates 

Ann. ds from it a great quantity of a reddilh. coloured matter *. 
im xxxiii. When this liquid is evaporated, a thick frothy feum 
a75 gathers on the furface, which is eafily feparated, and in 

3c6
io_ which fome white acid-tafted cryftals may be difeover- 

•otpaits. ed. By continuing the evaporation, the matter be- 
comes thick, and vjfcid, and has very much the look of 
honey. Alcohol boiled upon this thick matter, and 
filtered off, depoiites upon cooling brilliant needle-form- 
ed cryftals nearly an inch in length. Thefe cryftals 
may be obtained in abundance by evaporating the li- 
quor of the amnios to a fourth part of its bulk, and 
then allowing it to cool. The cryftals foon make their 
appearance. They mayr be feparated and purified by 
waffling them in a fmall quantity of cold water. Thefe 
cryftals have the properties of an acid $. 

If after the reparation of this acid the liquor of the 
amnios be evaporated to the contiftence of a lyrup, large 
tranfparent cryftals appear in it, which have all the pro- 
perties of fulphat of foda. The liquid of the amnios 
of cows contains a coniiderable quantity of this fait. 

Thus it appears that the liquor of the amnios of 
cows contains the following ingredients : 

1. Water, 
2. A peculiar animal matter, 
3. *A peculiar acid, 
4. Sulphat of foda. 

lature ’of The animal matter poffeffes the following properties : 
he animal Jt has a reddifh brown colour, and a peculiar tafte ; it 

is very foluble in water, but infoluble in alcohol, which 
has the property of feparating it from water. When 
expofed to a ftrong heat it fwells, exhales firft the odour 
of burning gum, then of empyreumatic oil and of am- 
monia, and at laft the peculiar odour of pruflxc acid 
becomes very confpicuous. It differs from gelatine in 
the vifeidity which it communicates to water, in not 
forming a jelly when concentrated, and in not being 
precipitated by tan. It muff be therefore ranked among 
the very undefined and inaccurate clafs of animal muci- 
lages. . . 

When burnt, it leaves a very large coal, which is 
readily incinerated, and leaves a little white allies, com- 
pofed of phofphat of magnefia, and a very fmall pro- 
portion of phofphat of lime ||. * 

The acid fubftance is of a white and brilliant colour; 
its tafte has a very flight degree of fournefs ; it reddens 
the tinfture of turnfol; it is fcarcely foluble in cold 
water, but very readily in hot water, from which it fe- 
parates in long needles as the folution cools. It is fo- 
luble alfo in alcohol, efpecially when aflifted by heat. 
It combines readily with pure alkalies, and forms a fub- 
ftance which is very foluble in water. The other acids 
decompofe this compound ; and the acid of the liquor 
of the amnios is precipitated in a white cryftalline pow- 
der. This acid does not decompofe the alkaline car- 
bonats at the temperature of the atmofphere, but it 
does fo when afiifted by heat. It does not alter folu- 
tions of filver, lead, or mercury, in nitric acid. When 
expofed to a ftrong heat, it frothes and exhales an odour 
of ammonia and of pruffic acid. The properties are 
fufficient to fhew that it is different from every other 
acid. Vauquelin and Boniva have given it the name of 
amniotic acid. It approaches neareft to the faccholadtic 
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and the uric acids; but the fachla&ic acid does not fur- bTrine- ^ 
nifh ammonia by diftillation like the amniotic. I he v 

uric acid is not fo foluble in hot water as the amniotic, 
it does not cryftallize in white brilliant needles, and it is 
infoluble in boiling alcohol; in both which refpefts it 
differs completely from amniotic acid *. * Ann.de 

Chim. XXXIU. 
Sect. XVI. Of Ur 1NE. p. 179, 

No animal fubftance has attracted more attention ^ 
than urine, both on account of its fuppofed connec- 
tion with various dileafes, and on account of the very 
Angular products which have been obtained from it. 
Mr Buyle, and the other chemifts who were his con- 
temporaries, were induced to attend particularly to this 
liquid* by the difeovery of a method of obtaining 
phofphorus from it. Boerhaave, Haller, Haupt, Mar- 
graf, Pott, Rouelle, Proud, and Klaproth, fucceffively 
improved the method of obtaining the phofphoric lalts 
from urine, or added fomething to our knowledge of 
the component parts of thefe falts. Scheele added 
greatly to our knowledge of urine by detecting leveral 
new fubftances in it which had not icen fufpected. 
Cruickftiank has given us a very valuable paper on urine 
in the fecond edition of Kollo's Diabetes ; anci Fourcroy 
and Vauquelin have lately publifhed the tnoft complete 
analyfis of it which has hitherto appeared. 

Frefh urine is a liquid of a peculiar aromatic odour, 
an orange colour, of greater or fefs intenlity, and an 
acrid faline tafte. 

Its fpecific gravity varies from i.oo$ to 1.033 *. * Cruick- 
1. It reddens paper ftained with turnfol and with/^nbt Phil. 

the juice of radifhes, and therefore contains an acid. 
2. If a folution of ammonia be poured into frdh 3to 

urine, a wftiite powder precipitates, wdiich has the pro- Contains 
perties of phofphat of lime. The prefence of this tub- p/-iphat of 
ftance in urine was firft difeovered by Scheele f. ^j4 
lime water be poure d into urine, phofphat of lime P1(y 
cipitates in greater abundance than when ammonia is 
ufed; confequently the acid which urine contains is the 
phofphoric. Thus we fee that the phofphat ot brne is 
kept diffolved in urine by an excefs of acid. This alfo 
was firft difeovered by Scheele if This tubftance is 
moft abundant in the urine of the tick. Berthollet has 
obferved that the urine of gouty people is lefs acid 
than that of people in perfett health. The average 
quantity of phofphat of lime in healthy urine is, as 
Cruickftiank has afeertained, about of the weight 

c . . , S Phtl. 
ot the urine ... Mao ii 

3. If the phofphat of lime precipitated from urine be^^' 
examined, a little magnefia will be found mixed with it. 
Fourcroy and Vauquehn have afeertamed that this is phofphat 

'owing to a little phofphat of magnefia which urine con-of mag- 
tains, and which is decompofed by the alkali or lime11613’ 
employed to precipitate the phofpat of lime f, \/lnn'd‘z 

4. When frefh urine cools, it often lets fall a bricky"”- 

coloured precipitate, which Scheele firft aicertained to 
be cryftals of uric acid. All urine contains this acid, uric acid, 
even when no fenfible precipitate appears when it cools. 
For if a fufficient quantity of clear and frefti urine be 
evaporated to -^-g- of its weight, a fubtle powder pre- 
cipitates to the bottom, and attaches itfelf in part very 
firmly to the veffel. This part may be diffolyed m 
pure alkali, and precipitated again by acetous acid. It 
exhibits all the properties of uric acid *. The quan * ScW,, 
tity of uric acid in urine is very various. During in-wo;. 

4 F termittent 
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termittcut fevers !t is (3cpofitccl very copioufly, and has 
been long known to phyficians under the name of la- 
terhious fediment. This fediment always makes its ap- 
pearance at the crifis of fevers. In gouty people, the 
lame fediment appears in equal abundance towards the 
end of a paroxyfm of the difeafe (p). And if this fe- 
diment fuddenly difappears after it has begun to be de- 
pofited, a frefh attack may be expefted*. 

5. If frelh urine be evaporated to the confidence of 
a fyrup, ami muriatic acid be then poured into it, a 
precipitate appears which pofTefles the properties of 
benzoic acid. Scheele iirft difcovered the prefence of 
benzoic acid in urine. He evaporated it to drynefs, 
feparated the faline part, and applied heat to the refi- 
duum. The benzoic acid was fublimed, and found 
cryltallized in the receiver. The method which we 
have given is much eafier ; it was fird propofed by 
Fourcroy and Vauquelinf. By it very confiderable 

'Cbim, xxxi. quantities of benzoic acid may be obtained from the 
6a. 

§ Ibid. p. 
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urine of horfes and cows, where it is much more abun- 
dant than in human urine. In human urine it varies 
from t-oVo to Tjreo-eqof the wholejJ. 

6. When an infufion of tan is dropt into urine, a 
white precipitate appears, having the properties of the 
combination of tan and albumen, or gelatine. Urine, 
therefore, contains albumen and gelatine. Thefe fub- 
ftances had been fufpebted to be in urine, but their pre- 
fence was find demondrated by Seguin, who difcovered 
the above method of detecting them. Their quantity in 
healthy urine is very fmall. Cruikfhank found that 
the precipitate afforded by tan in healthy urine amount- 

iVtril.Mag.zdL to T^th part of the weight of the urinej. It is 
»43* to thefe fubdances that the appearance of the cloud, as 

it is called, or the mucilaginous matter, which is fome- 
times depofited as the urine cools, is owing. It is pro- 
bable that healthy urine contains only gelatine and not 
albumen, though the quantity is too fmall to admit of 
accurate examination ; but in many difeafes the quan- 
tity of thefe matters is very much increafed. The 
urine of dropfical people often contains fo much albu- 
men, that it coagulates not only on the addition of 
acids, but «ven on the application of heat$. In all 
cafes of impaired digedion, the albuminous and gela- 
tinous part of urine is much increafed. This forms one 
of the mod" confpicuous and important didindtions be- 
tween the urine of thofe who enjoy good and bad 

jj Fvurcroy health ||. 
andVau- jf Unne be evaporated by a flow fire to the con- 

^df'chim™' fiftcnce 0f a thick fyrup, it affumes a deep brown co- 
lour, and exhales a fetid ammoniacal odour. When 
allowed to cool, it concretes into a mafs of crydals, 
compofed of all the component parts of urine. If four 
times its weight of alcohol be poured upon this mafs, 
at intervals, and a flight heat be applied, the greated 
part of it is diffolved. The alcohol, which has acqui- 
red a brown colour, is to be decauted off, and diddled 
in a crucible in a fand heat, till the mixture has boiled 
for fome time, and acquired the confidence of a fyrup. 

5 Cruil- 
Jhank, ibid. 
A48. 
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By this time the whole of the alcohol has paffed off, Urine, 
and the matter, on cooling, crydallizes in quadrangular v1 

plates which interfedd each other. This fubdance is 
urea, which compofes 4$ of the urine, provided the 
watery part be excluded. To this fubdance the tade, 
fmell, and! colour of urine are oudng. It is a fubdance 
which chara&erizes urine, and conditutes it what it is, 
and to which the greater part of the very Angular phe- 
nomena of urine are to be afcribed. 

The colour of urine depends upon the urea ; the 
greater the quantity, the deeper is the colour. It may 
be detefted by evaporating urine to the confidence of 
a fyrup, and pouring into it concentrated nitric acid. 
Immediately a great number of white finning crydals 
appear in the form of plates, very much refembKng 
crydallized boracic acid. Thefe crydals are urea com. 
bined with nitric acid. 

The quantity of urea varies exceedingly in different 
urines. In the urine voided foon after a meal, very 
little of it is to be found, and fcarcely any at all in that 
which hyderical patients void during a paroxyfm. ^5 

8. If urine be (lowly evaporated to the confidence ofMuriatof 
a fyrup, a number of crydals make their appearance in^°^a> 
it. Two of thefe are remarkable by their form : one 
of them confids of fmall regular octahedrons ; which, 
w'hen examined, are found to poffefs the properties of 
muriat of foda. Urine, therefore, contains muriat of 
foda. It is well known that muriat of foda crydallizes 
in cubes ; the Angular modification of its form in mine 
is owing to the atdion of urea. It has been long known 
that urine faturated with muriat of foda depofites that 
fait in regular o&ahedrons. ^7 

9. Another of the falts which appear during the eva- Muriar of 
poration of urine has the form of regular cubes. rPhisaDimonia> 
fait has the properties of muriat of ammonia. Now the 
ufual form of the crydals of Riuriat of ammonia .is the 
oftahedron. The change of its form in urine is produ- 
ced alfo by urea. ^Ig 

10. The faline refiduum which remains after the fe-Phofphatofj 
paration of urea from crydallized urine by means of al ammonia 
cohol, has been long known under the names of fufibleand a: 

fait of urine and microcofmic fait. Various methods 
of obtaining it have been given by chemids from Boer- 
haave, who fird publifhed a pjocefs, to Rouelle and 
Chaulnes, who gave the method jud mentioned. If this 
faliue mafs be diffolved in a fufficient quantity of hot 
water, and allowed to cryftallize fpontaneoufly in a clofe 
veffel, two fets of cryftals are gradually depofited. The 
lowermoft fet has the figure of flat rhomboidal prifms j 
the uppermolt, on the contrary, has the form of re&an- 
gular tables. Thefe two may be eafily feparated by 
expofing them for fome time to a dry atmofphere. The 
reftangular tables effiorefce and fall to powder, but the 
rhomboidal prifms remain unaltered. 

When thefe falts are examined, they are found to 
have the properties of phofphats. The rhomboidal 
prifms confid of phofphat of ammonia united to a little 
phofphat of foda ; the reddangular tables, on the con- 
  trary. 

(p) The concretions which fometimes make their appearance in gouty joints have been found to confid chief- 
ly of uric acid. This fingular coincidence deferves the attention of phyfiologids : it cannot fail, fooner or later, 
to throw light, not o»ly upon gout, but upon fome of the animal functions. 
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trary, are nhofphat of foda united to a fmall quantity 
of phofphat of ammonia. Urine, then, contains phol- 
phat of foda and phofphat of ammonia. _ 
1 Thus we have found that urine contains the twelve 
following tub ttances : 
1, Water, 7 
2. Phofphoric acid, 8 

Phofphat of lime, ^ 9 
Phofphat of magnefia, 10 
Uric acid, ‘ 11 

Benzoicacid, 12. - 
Thefe are the onlv fubftances which are conliantiy 

found in healthy ur'ine * ; but it contains alio occa- 
iionally other fubftances. Very often munat of potais 
mav be diftinguifned among the cryftals whicn form 

’during its evaporation. The prefence of tins fait may 
always be detected by dropping cautioufly fome taria- 
r0US acid into urine. If it contains munat of potais 
there will precipitate a little tartar, which may eainy 
be recognifed by its properties r r , _ , 

Urine fometimes alfo contains fulphat of ioda, and 
even fulphat of lime. The prefence of thefe falls may 
be afcertained by pouring into urine a folution of mu- 
riat of barytes, a copious white precipitate appears, con* 
filling of the barytes combined with phoiphorie acid, 
and with fulphuric acid, if any be prefent. This pre- 
cipitate mutt be treated with a futheient quantity of 
muriatic acid. The phofphat of barytes is dnTolved, 
but the fulphat of barytes remains unaltered f- 

No fubfiance putrefies fooner, or exhales a more de- 
teftable odour during its fpontaneous decompofition, 
than urine ; but there is a very great difference in this 
refpedt in different urines. In fome, putrefaduon takes 
place almoft inftantaneoufly as foon as it is voided ; in 
others, fcarcely any change appears for a number of 
days. Fourcroy and Vauquelin have afcertained that 
this difference depends on the quantity of gelatine and 
albumen which urine contains. When there is very little 
of thefe fubftances prefent, urine remains long unchan- 
ged : on the contrary, the greater the quantity of gela- 
tine or albumen, the fooner does putrefaction commence. 
The putrefaction of urine, therefore, is, in fome degree, 
the teft of the health of the perfon who has voided it; 
for a fuperabundance of gelatine in urine alway s indi- 
cates fome defect in the power of digeftion *. 

The rapid putrefa&ion of urine, then, is owing to 
the aftion of gelatine on urea. We have feen already 
the facility with which that lingular fubftance is de- 
compofed, and that the new produas into which it is 
changed are, ammonia, carbonic acid, and acetous acid. 
Accordingly, the putrefadion of urine is announced by 
an ammoniaC&l fmell. Mucilaginous flakes are Aepoii- 
ted, confiiting of part of the gelatinous matter. 1 he 
phofphoric acid is faturated with ammonia, and the 
phofphat of lime, in confequence, is precipitated. Am- 
monia combines with the phofphat of magnefia, forms 
with it a triple fait, which cryttallizes upon the Tides 
of the veffel in the form of white cryltals, computed or 
fix-lided prifms, terminated by fix-lided pyramids. Fhe 
uric and benzoic acids are faturated with ammonia ; the 
acetous acid, and the carbonic acid, which are the pro- 
du£ts of the decompolition ol the urea, are alio latu- 
rated with ammonia, and notwithftanding the quantity 
which exhales, the produ&ion of this.fubftance is fo 
abundant, that there is a quantity of unfaturated alkali 
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in the liquid. Putrefied urine, therefore, contains chief- Uunsry 
ly the following fubftances, molt of winch ave the p>o- . —^ < 
dudts of putrefaction : 

Ammonia, 
Carbonat of ammonia, 
Phofphat of ammonia, 
Phofphat of magnefia and ammonia, 
Urat of ammonia, 
Acetite of ammonia, 
Benzoat of ammonia, 
Muriat of foda, 
Muriat of ammonia ; 

Befides the precipitated gelatine and phofphat of lime* # Ann.de^ 
The diftillation of urine produces aimoft the fame Chim. 

changes ; for the heat of boiling water is iufucient to 7 
decompofe urea, and to convert it into ammonia, car- 
bonic and acetous acids. Accordingly, when urine is 
diltilled, there comes over water, containing ammonia 
diflolved in it, and carbonat of ammonia in cry Hals. 
The acids contained in. urine are faturated with ammo- 
nia, and the gelatine and phofphat of lime precipi- 
tate f. . f Ibid. SS- 

Such are the properties of the human urine. 1 he 
urine of other animals has not hitherto been examined 
with equal care ; but it is certain that it difteis veiy 
confiderably from that of men. The urine of cows and 
horfes, and of all ruminating animals, tor inftance, con- 
tains carbonat of lime, without any mixture ol phofphat 
of lime ^1. It contains alio a much greater proportion f Vauquelin, 
of benzoic acid than that ot man. 4* 

Sect. XVII. Of the Urinary Calculus. 

It is well known that concretions not unfrequently 
fonn in the bladder, or the other urinary organs, and 
occafion one of the moil difmal diieaies to which the 
human fpecies is liable. 321 

Thefe concretions w'ere diftinguiflied by the name otUiinary 
calculi, from a fuppofition that they are of a ftony na-caUuk 
ture. They have long attraded the attention of phy- 
ficians. Chemiftry had no fooner made its way into 
medicine than it began to exercife its ingenuity upon 
the urinary calculus; and various theones were given 
of their nature and origin. According to Paracelfus, 
who. gave them the ridiculous name of duelech, urinary 
calculi were intermediate between tartar and itone, and 
compofed of an animal refin. Van Helmont pronoun- 
ced them anomalous coagulations, the offspring of the 
falls of urine, and of a volatile earthy fpirit, produced 
at once, and deftitute of any vifeid matterBoyle 5 D* LithU 
extracted from them, by diftilhtion, oil, and a great«/?, c-3- 
quantity of volatile fait. Boerhaave fuppofed them 
compounds of oil and volatile ialts. Hales extra&ed 
from them a prodigious quantity of air. He gave them 
the name of animal tartar, pointed out feveial circum- 
ftances in which they vciemble common tartar, and made 
many experiments to find a folvent of them . Dr * Veget, 
Whytt and Alfton pointed out alkalies as folvents °f u* 
calculi. It Was an attempt to difeover a more perfect, 
folvent that induced Dr Black to make thoie experi- 
ments which terminated in the difeovery of the nature 
of the alkaline carbonats. 1 

; 

Such w'as the ftate of the chemical analyfis of cal- ^iia]yfe(j 
cuius, when, in 1776, Scheele publiihed a differtationbyScheele* 
on the fubjedt in the Stockholm TranfaBions ; which was 
fucceeded by feme remarks of Mr Bergman. Thefe 

q F 2 illuitrious 
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illuftrious chemifts completely removed the uncertainty 
which had hitherto hung over the lubjett, and afcer- 
tained the nature of the calculi which they examined. 
Since that time confiderable additional light has been 
thrown upon the nature of theie concretions by the la- 
bours of Auftin, Pearfon, and, above all, of Fourcroy 
and Vauquelin, who have lately analysed above 300 
calculi, and afcertained the^prefence of feveral new fub- 

•ftances which had not been iufpetfed. The fubltances 
hitherto difcovered in urinary calculi are the following: 

1. Uric acid, 
2. Urat of ammonia, 
3. Phofphat of lime (cl)> 
4. Phofphat of magnelia-and-ammonia, 
5. Oxalat of lime, 
6. Silica, 
7. An animal matter. 

1. The greater number of calculi confift of uric acid. 
All thofe analyfed by Scheele were compofed of it en- 
tirely. Of 300 calculi analyfed by Dr Pearfon, fcarce- 
ly one was found which did not contain a confiderable 
quantity of it, and the greater number manifeftly were 
formed chiefly of it. Fourcroy and Vauquelin found 
it alfo in the greater number of the 300 calculi which 
they analyfed. 

The prefence of this acid may eafily be afcertained 
by the following properties: A folution of potafs or 
foda diflblves it readily, and it is precipitated by the 
weakeft acids. The precipitate is foluble in nitric acid, 
the folution is of a pink colour, and tinges the fkin 
red *. 

2. Urat of ammonia is ealily dete&ed by its rapid fo- 
fubility in fixed alkaline leys, and the odour of ammo- 
nia which is perceived during the folution. It is not 
fb often prefent in urinary calculi as the laft mentioned 
fubftance. No calculus has hitherto been found com- 
pofed of it alone, except the very fmall polygonal cal- 
culi, feveral of which fometimes exift in the bladder 
together. 

It is moll ufually in thin layers, alternating with 
fome other fubftance, very eafily reduced to powder, 
and of the colour of ground coffee -('• 

3. Phofphat of lime is white, without luftre, fiery, 
friable, ftains the hands, paper and cloth. It has very 
much the appearance of chalk, breaks under the forceps, 
is infipid, and infoluble in water. It is foluble in ni- 
tric, muriatic, and acetous acids, and is again precipi- 
tated by ammonia, fixed alkalies, and oxalic acid. 

It is never alone in calculi. It is intimately mixed 
with a gelatinous matter, which remains under the form 
of a membrane when the earthy part is diftblved by ve- 
ry diluted acids 

4. Phofphat of magnefia-and-ammonia occurs in white 
femitranfparent, lameller layers; fometimes it is cry- 
ftallizsed on the furface of the calculi in prifms, or what 
are called dog-tooth cryftals. It has a weak fweetifh 
tafte, it is fomewhat foluble in water, and very foluble 
in acids, though greatly diluted. Fixed alkalies de- 
compofe it. * : ■ ’ 

It never forms entire calculi. Sometimes it is mix- 
ed with phofphat of lime, and fometimes layers of it 
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cover uric acid or oxalat of lime. It is mixed with the Urinary 
fame gelatinous matter as phofphat of lime J. Calculus. 

c. Oxalat of lime is found in certain calculi, which, 1 v * J . .. r 1 ■ r c 1 1 1 roarer* from the inequality of their furface, have got the name Anrr'de^ 
of moriform or mulberryJhaped calculi. It is never alone, Cbim x«il, 
but combined with a peculiar animal matter, and form-119- 
ing with it a very hard calculus, of a grey colour, diffi- 318 
cult to faw afunder, admitting a poliffo like ivory, ex-9*a*at0^ 
haling, when fawed, an odour like that of femen. In-^me‘ 
foluble and indecompofible by alkalies ; foluble in very 
diluted nitric acid, but flowly, and with difficulty. It 
may be decompofed by the carbonats of potals and fo- 
da. When burnt, it leaves behind a quantity of pure 
lime, which may be eafily recognifed by its proper- 
t‘eS*•.. . . * Ibid. tit. 

6. Silica has only been found in two inftances by 
Fourcroy and Vauquelin, though they analyfed 300^^*^ 
calculi. No other chemift has obferved it. It muft 
therefore be confidered as a very uncommon ingredient 
of thefe concretions. In the two inftances in which it 
occurred, it was mixed with uric acid and the two phof- 
phats above mentioned f. 175«£ aji. 

7. Animal matter appears to compofe the cement 
which binds the different particles of the calculus toge-An^°| 
ther, and in all probability it is the caufe which influ-matters, 
ences its formation. It is different in different calculi. 
Sometimes it has the appearance of gelatine or albumen, 
at other times it refembles urea. It deferves a more 
accurate inveftigation J. f 7^ 

No general defeription of the different calculi has hi- 
therto appeared ; but Fourcroy and Vauquelin are at 
prefent occupied with that fubjedl. They propofe to 
claffify them according to their compofition ; to point 
out their different fpecies and varieties; to give a me- 
thod of detecting them by their appearance; to analyfc 
the animal matter by which they are cemented; and to 
apply all the prefent chemical knowledge of the fubjeft 
in the inveftigation of the caufe, the fymptoms, and the 
cure, of that dreadful difeafe which the urinary calculi 
produce. As their labour is already very far advanced, 
it would be unneceffary for us to attempt any claffifica- 
tion of calculi. Indeed every attempt of that kind, by 
any perfon who has not had an opportunity of analy- 
fing a very great number of calculi, muft be fo exceed- 
ingly imperfedl as fcarcely to be of any ufe. 

We fttall fatisfy ourfelves with the following remarks, 
deduced almoft entirely from the obfervations which 
thefe celebrated chemifts have already publiftied. ^ 

Many calculi confift entirely, or almoft entirely, of Method eif 
uric acid. The animal matter, which ferves as a ce-diffolving 
ment to thefe calculi, appears to be urea. Calculi ofthe ca^cu^ 
this kind may be diffolved by injecting into the bladder 
folutions of pure potafs or foda, fo much diluted as not 
to adl upon the bladder itfelf. The gritty fubftance, 
which many perfons threatened with the ftone difeharge 
along with their urine, which has been called gravel, 
confifts almoft conftantly of uric acid. It may there- 
fore ferve as an indication that the fubfequent ftone, if 
any fuch form, is probably compofed of uric acid. 

The two phofphats, mixed together, fometimes com- 
pofe calculi. Thefe calculi are very brittle, and gene- 

rally 

(qJ Brugnatelli found alfo phofphat of lime, with excefs of acid, in calculi. See Ann. de Ch'm. xxxii. 183. 
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Uxinary rally bfeak in pieces during the extra&ion. Such cal- 
Calculus. cu^j may diflolved by injefting into the bladder mu- 

n'atic acid, fo much diluted as fcarcely to have any 
tafte of acid. 

The phofphats never form the nucleus of a calculus. 
They have never been found covered with a layer of 
uric acid, but they often cover that acid. Hence it 
would feem that the exiftence of any extraneous matter 
in the bladder difpofes thefe phofphats to cryltallize. 
When extraneous bodies are accidentally introduced in- 
to the bladder, and allowed to lodge there, they are 
conftantly covered with a coat of pholphat of ammonia 
and magnefia, or of the two phofphats mixed. 

As the phofphat of ammonia and magnefia is not an 
ingredient of frefh urine, but formed during its putre- 
faction, when it exifts in calculi, it would feem to in- 
dicate a commencement of putrefaction during the time 
that the urine lodges in the bladder. But putrefaCtion 
does not take place fpeedily in urine, unlefs where there 
is an excefs of albumen and gelatine ; confequently we 
have reafon to fuppofe, that thefe fubftances are mor- 
bidly abundant in the urine of thofe patients who are 
afflicted with calculi confifting of the phofphats: hence 
alfo we may conclude, that their digelliou is imperfeCt. 
It will no doubt be objeaed, that dropfical people are 
not peculiarly fubjea to calculi; but their urine is on- 
ly morbidly albuminous when the difeafe is beginning 
to difappear, and then there feems to be a deficiency of 
urea; at leaft their urine has not been obferved to pu- 
trefy with uncommon rapidity. Befides, there feems 

v, to be fome animal matter prefent, which ferves as a ce- 
ment to the phofphat in all cafes where calculi form. 

Urat of ammonia is only found alone in the very 
fmall polygonous calculi which exift, feveral together, 
in the bladder. In other cafes it is mixed with uric 
acid. It fometimes alternates with uric acid or with 
the phofphats. It is diffolved by the fame fubltance 
that ads as a folvent of uric acid. 

Oxalat of lime often forms the nucleus of calculi 
compofed of layers of uric acid or of the phofphats. It 
forms thofe irregular calculi which are called moriform. 
Thefe calculi are the hardeft and the moft difficult of 
folution. A very much diluted nitric acid diffolves 
them but very flowly. As oxalic acid does not exift 
in urine, fome morbid change muft take place in the 
urine when fuch calculi are depofited. Brugnatelli’s 
difcovery of the inftantaneous converfion of uric acid 
into oxalic acid by oxy-muriatic acid, which has been 
confirmed by the experiments of Fourcroy and Vauque- 
lin, throws confiderable light upon the formation of 
oxalic acid in urine, by {hewing us that uric acid is 
probably the bafis of it; but in what manner the change 
is a&ually produced, it is not fo eafy to fay. 

The calculi found in the bladder of other animals 
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have not been examined with the fame care. Some of 
them, however, have been fubjetfe<i to an accurate ana- 
lyfis. No uric acid has ever been found in any of them. ^ ^ 
Fourcroy found a calculus extracted from the kidney Calculi of 
of a horfe compofed of three parts of carbon.at of lime, inferior 
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and one part of phofphat of lime Dr Pearfon exami-^n™als- 
ned a urinary calculus of a horfe ; it was compofed of Q^-im 
phofphat of lime and phofphat of ammonia. Brugnatel-y^, 
li found a calculus extra&ed from the bladder of a fow, 
which was exceedingly hard, compoied of pure carbo- 
nat of lime, inclofing a foft nucleus of a foetid and uri- 
nous odour-f. Bartholdi examined another calculus lS4> 
a pig, the fpecific gravity of which was 1.9300. It 
confided of phofphat of lime Dr Pearfon found at 
calculus taken from the bladder of a dog compoftd of 
phofphat of lime, phofphat of ammonia, and an animal 
matter. He found the urinary calculus of a rabbit, of 
the fpecific gravity 2, compofed ol carbonat ot lime 
and fome animal matter ||. . || P£»/. Maj. 

The compofition of the different animal concretions11-JS'K 
hitherto examined may be feen in the following table. 

f 1. Carbonat of lime and phofphat of lime *. * Fourcroy. 
Horfe. <{ 2. Phofph. of lime and phofph. of ammonia f p 

1^2 Par-kon r>f 1 ime and animal matter+. 

Sow. 

Dog. 

Rabbit. 

Carbon, of lime and animal matter f. 
i. Carbon of lime and an animal nucleus |. iBrugnattlln 

j 2. Phofphat of lime ^ Bartholdi* 
Phofphat of lime, and of ammonia, and animal 

matter f. 
Carbonat of lime and animal matter f. t IWen. 

We have now given an account of all thofe fecretions 
which have been attentively examined by chemifts. The 
remainder have been hitherto ntglefted ; paitly owing 
to the difficulty of procuring them, and partly on ac- 
count of the multiplicity of other obje&s which occu- 
pied the attention of chemical philofophers (r). It re- 
mains for us now to examine by what procefles thefe 
different fecretions are formed, how the conftant wafte 
of living bodies is repaired, and how the organs them- 
felves are nourifhed and preferved. This fiiaU form the 
fubjedl of the following chapter. 

Chap. III. Of the Functions of Animals. 

The intention of the two laft chapters was to exhi- 
bit a view of the different fubftances which enter into 
the compofition of animals, as far as the prefent limited 
ftate of our knowledge puts it in our power. But were 
our enquiries concerning animals confined to the mere 
ingredients of which their bodies are cortpofed, even 
fuppofing the analyfis as complete as poffible, our know- 
ledge of the nature and properties of animals would be 
imperfedft indeed. 

How are thefe fubftances arranged ? How are they 
produced ? 

(k) The chief of thefe fecretions are the following: , . j n - 
1. Cerumen, or ear-wax, is at firft nearly liquid, and of a whitiffi colour. It gradually acquires confiftence. 

Its tafte is very bitter* Said to be infoluble in alcohol; but foluble m hot water. Does not become rancid.hy 
keeping. 

2. The humours of the eye. 
3. The milky liquor, fecreted by the thyroid gland. 
4.. Mucus of the lungs, inteftinal canal, &c. ^ i j 
5. Smegma of the areola of the breafts, glans penis,, vagina, fubcutaneous glands, &c~ 
6- Marrow. 
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food. 

the diftinguifhing properties of animals, and the laws 
333 which they are regulated ? 

Animals Animals refemble vegetables in the complexnefs of 
refemble their llrudd are. Like them, they are machines nicely 

1 f' adapted ft>r particular purpofes, conftituting one whole, 
and continually performing an infinite number of the 
moll delicate proceffes. But neither an account of the 
ftrufture of animals, nor of the properties which dittin- 
guilh them from other beings, will be expefted here. 
Thefe have been already treated of fufficiently in the 
articles Anatomy and Physiology (Encycl.)y to 
which we beg leave to refer the reader. We mean on* 
ly, in the prelent chapter, to take a view of thofe pro- 
oelfes which are concerned in the production of animal 
fubftances, which alone properly belong to chemillry. 
The other fun&ions are regulated by laws of a very 
different nature, which have no refemblance or analogy 
to the laws of chemiflry or mechanics. 

1. Every body knows that animals require food, and 
that they die fooner or later if food be withheld from 
them. There is indeed a very great difference in diffe- 
rent animals, with regard to the quantity of food which 
they require, and the time which they can pafs without 
it. In general, this difference depends upon the adfi- 
vity of the animal. Thofe which are molt adlive re- 
quire molt, and thofe which move leaft require leall 
food. 

The canfe of this is alfo well known ; the bodies of 
animals do not remain ftationary, they are conftantly 
tfatting ; and the wafte is generally proportional to the 
activity of the animal. It is evident, then, that the 
body mud receive, from time to time, new fupplies, in 
place of what has been carried off. Hence the ufe of 
food, which anfwers this purpofe. 

2. We are much better acquainted with the food of 
Jr* nature, animals than of vegetables. It confids of almod all the 

animal and vegetable fubdances which have been treat- 
ed of in the former part of this article ; for there are 
but very few of them which fome animal or other does 
not tife as food. Man ufes as food chiefly the mufcles 
of animals, the feeds of certain grades, and a variety of 
vegetable fruits. Almod all the inferior animals have 
particular fubdances on which they feed exclufively. 
Some of them feed on animals, others on vegetables. 
Man has a greater range ; he can feed on a very great 
number of fubdances. To enumerate thefe fubdances 
would be ufelefs; as we are not able to point out with 
accuracy what it is which renders one fubdance more 
nourifhing than another. 

Many fubdances do not ferve as nourifhment at all ; 
and not a few, indead of nourifhing, deitroy life. Thefe 
laft are called poifons. Some poifons adl chemically, by 
decompofing the animal body. The a&ion of others is 
not fo well underdood. 

3. The food is introduced into the body by the 
mouth, ami almod all animals reduce it to a kind of 

into thyme pUipy confidence. In man and many other animals this 
is done in the mouth by means of teeth, and the faliva 
with which it is there mixed; but many other animals 
grind their food in a different manner. See Physiolo- 
gy, f Encycl.) After the food has been thus ground, it 
is introduced into the domach, where it is fubjedled to 
new changes. The domaeh is a drong foft bag, of^ . 
different forms in different animals: in man it has fome 
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refemblance to the bag of a Ing-pipe, In this organ the Funftiom 
food is converted into a foft pap, which has no refem- of Animals', 
blance to the food when fird introduced. This pap has ■' 
been called chyme. 

4. Since chyme poffeffes new properties, it is evident 
that tne food has undergone fome changes in the do- 
mach, and that the ingredients of which it was com- 
pofed have entered into new combinations. Now, in 
what manner fuwe thefe changes been produced ? 

At fird they Were afcribed to the mechanical aftion 
of the domach. The food, it was laid, was dill farther 
triturated in that organ ; and being long agitated back- 
wards and forwards in it, was at lad reduced to a pulp. 
But this opinion, upon examination, was found not to 
he true. The experiments of Stevens, Reumur, and 
Spallanzani, demondrated, that the formation of chyme 
is not owing to trituration ; for on inclofing diffe- 
rent kinds of food in metallic tubes and balls full of 
holes, in fuch a manner as to fcreen them from the me- 
chanical adtion of the domach, they found, that thefe 
lubdances, after having remained a fufficient time in 
the domach, were converted into chyme, jud as if they 
had not been inclofed in fuch tubes. Indeed, the opi- 
nion was untenable, even independent of thefe decifive 
experiments, the moment it was perceived that chyme 
differed entirely from the food which had been taken ; 
that is to fay, that if the fame food were triturated me- 
chanically out of the body, and reduced to pap of pre- 
cifely the fame confidence with chyme, it would not 
poflefs the fame properties with chyme ; for whenever 
this fad: was known, it could not but be evident that 
the food had undergone changes in its compofition. 

The change of food into chyme, therefore, was afcri- 
bed by many to fermentation. This opinion is indeed 
very ancient, and it has had many zealous fupporters 
among the moderns. When the word fermentation was 
applied to the change produced on the food in the do- 
mach, the nature of the procefs called fermentation 
was altogether unknown. The appearances, indeed, 
which take place during that procefs, had been defcri- 
bed, and the progrefs and the refult of it were known. 
Chemids had even divided fermentations into different 
claffes ; but no attempt had been made to explain the 
caufe of fermentation, or to trace the changes which 
take place during its continuance. All that could be 
meant, then, by faying that the converlion of food into 
chyme in the flomach was owing to fermentation, was 
merely, that, the unknown caufe which adfed during 
the converfion of vegetable fubdances into wine or acid, 
or during their putrefaction, atted alfo during the con- 
verfion of the food into chyme, and that the refult in 
both cafes was precifely the fame. Accordingly, the 
advocates for this opinion attempted to prove, that air 
was condantly generated in the domach, and that an 
acid was condantly produced : for it was the vinous 
and acetous fermentations which were afligned by the - 
greater number of phyfiologids as the caufe of the for- 
mation of chyme. Some indeed attempted to prove, 
that it was produced by aIic putrefadfive fermentation ; 
but their number was inconfiderable, compared with 
thofe who adopted the other opinion. 

Our ideas retpeCtmg fermentation are now fomewhat 
more precife. It lignifies a flow decompofition, which 
takes place when certain animal or vegetable fubdances 
are mixed together at a given temperature ; and the 

confequent 
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ef Animals, therefore the converfion of the food into chyme be o\v- 
1—1 * ' ing to fermentation, it is evident that it is totally inde- 

pendent of the ftomach any farther than as it fupplies 
temperature; and that the food would be converted in- 
to chyme exactly in the fame manner, if it were redu- 
ced to the fame confiftence, and placed in the fame tem- 
perature out of the body. But this is by no means the 
cafe ; fubftances are reduced to the {late of chyme in a 
fhort time in the ftomach, which would remain unalter- 
ed for weeks in the fame temperature out of the body. 
This is the cafe with bones ; which the experiments of 
Stevens and Spallanzani have fhewn to be foon digefted 
in the ftomach of the dog. Further, if the converfion of 
food into chyme were owing to fermentation, it ought to 
go on equally well in the ftomach and cefophagus. Now, 
it was obferved long ago by Ray and Boyle, that when 
voracious fifh had fwallowed animals too large to be 
contained in the ftomach, that part only which was in 
the ftomach was converted into chyme, while what was 
in the cefophagus remained entire ; and this has been 
fully confirmed by fubfequent obfervations. 

Still farther, if the converfion were owing to fermen- 
tation, it ought always to take place equally' well, pro- 
vided the temperature be the fame, whether the fto- 
mach be in a healthy ftate or not. But it is well known, 
that this is not the cafe. The formation of chyme de- 
pends very much on the ftate of the ftomach. When 
that organ is difeafed, digeftion is conftantlyr ill perform- 
ed. In thefe cafes, indeed, fermentation fometimes ap- 
pears, and produces flatulence, acid eruftations, Sec. 
which are the well-known fymptoms of indegeftion. 
Thefe fadts have been long known ; they are totally 
incompatible with the fuppofition, that the formation 
of chyme is owing to fermentation. Accordingly that 
opinion has been for fome time abandoned, by all thole 
at leaft who have taken the trouble to examine the fub- 
je(^' . . n 33/ The formation of chyme, then, is owing to the {lo- 

tion of the roach 5 and it has been concluded, from the experiments 
gaftric of Stevens, Reaumur, Spallanzani, Scopoli, Brugna- 
juice. telli, Carimini, &e. that its formation is brought about 

by the action of a particular liquid fecreted by the fto- 
mach, and for that reafon called gajlric juice. _ 

That it is owing to the adtion of a liquid, is evi- 
dent ; becaufe if pieces of food be inclofed in clofe 
tubes, they pafs through the ftomach without any far- 
ther alteration than would have taken place at the 
fame temperature out of the body' : but if the tubes be 
perforated with fmall holes, the food is converted into 
chyme. . 

This liquid does not aft indifcnminately upon all 
fubftances : For if grains of corn be put into a perfora- 

' ted tube, and a granivorous bird be made to fwallow it, 
the corn will remain the ufual time in the ftomach with- 
out alteration ; whereas if the hufk of the grain be pre- 
vioufly taken off, the whole of it will be converted into 
chyme. It is well known, too, that many fubftanees 
pafs unaltered through the inteftines of animals, and 
confequently are not afted upon by the gaftric juice. 
This is the cafe frequently with grains of oats when 
they have been fwallowed by horfes entire with their 
hulks on. This is the cafe alfo with the feeds of ap- 
ples, &c. when fwallowed entire by man ; yet thefe ve- 
ry fubftances, if they have been previoufly ground fuf- 
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ficiently by the teeth, are digefted. It appears, there- Pandhon s 
fore, that it is chiefly the hufk or outfide of thefe fub-? "irna!! 
fiances which refills the aflion of the gaftric juice. We 
fee alfo, that trituration greatly facilitates the convec- 
fion of food into chyme. 33s ^ 

The gaftric juice is not the fame in all animals ; for Nature of 
many animals cannot digeft the food on which others?^.^10 

live. The conium maculatmn (hemlock), for inftance, 
is a poifon to man inllead of food, yet th,e goat often 
feeds upon it. Many' animals, as ftieep, live wholly up- 
on vegetables; and if they are made to feed on animals, 
their ftomachs will not digeft them : others, again, as 
the eagle, feed wholly on animal fubftances, and cannot 
digeft vegetables. 

The gaftric juice does not continue always of the 
fame nature, even in the fame animal : it changes gra- 
dually, according to circumtlances. Graminivorous ani- 
mals may be brought to live on animal food ; and after 
they have been acuftomed to this for fome time, their 
ftomachs become incapable of digefting vegetables. On 
the other hand, thofe anamals which naturally digeft 
nothing but animal food may be brought to digeft ve- 
getables. 

What is the nature of the gaftric juice, which pof- 
fefles thefe Angular properties? It is evidently different 
in different animals ; but it is a very difficult talk, if 
not an impoffible one, to obtain it in a ftate of purity. 
Various attempts have indeed been made by very inge- 
nious philofophers to procure it ; but their analyfis of 
it is fufficient to fhew us, that they have never obtain- 
ed it in a ftate of purity. 

The methods which have been ufed to procure gaf- 
tric juice are,^f/y?, to kill the animal whofe gaftric juice 
is to be examined after it has fafted for fome time. By 
this method, Spallanzani colle&ed 37 fpoonfuls from 
the two fir ft ftomachs of a fneep. It was of a greep 
colour, undoubtedly owing to the grafs which the ani- 
mal had eaten. He found'alfo half a fpoonful in the 
ftomach of fome young crows which he killed before 
they had left their neft. 

Small tubes of metal, pierced with holes, and con- 
taining a dry fponge, have been fwallowed by animals ; 
and when vomited up, the liquid imbibed by the fponge 
is fquezzed out. By this method, Spallanzani collect- 
ed 481 grains of gaftric juice from the ftomachs of five 
crows. 

A third method confifts in exciting vomiting in the 
morning, when the ftomach is without food. Spallan- 
zani tried this method twice upon himfelf, and collect- 
ed one of the times I oz. 32 gr. of liquid; but the 
pain was fo great, that he did not think proper to try 
the experiment a third time. Mr Goffe, however, who 
could excite vomiting whenever he thought proper by 
fwallowing air, has employed that method to colled 
gaftric juice. 

Spallanzani has obferved, that eagles throw up every 
morning a quantity of liquid, which he confiders as gaf- 
tric juice ; and he has availed himfelf of this to colled 
it in confiderable quantities. 

It is almoft unneceffary to remark how imperfed 
thefe different methods are, and how far eyery conclu- 
fion drawn from the examination of fuch juices mu ft de- 
viate from the truth. It is impoffible that the gaftric 
juice, obtained by any one of thefe proceffes, can be 
pure; becaufe in the ftomach it mull be conilantly r mixed. 
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mixed with large quantities of faliva, mucus, bile, food, 
&c. It may be qudtioned, indeed, whether any gaftric 
juice at all can be obtained by thefe methods ; for as 
the intention of the gaftric juice is to convert the food 
into chyme, in all probability it is only fecreted, or at 
leaft thrown into the ftomach when food is prefent. 

We need not be furprifed, then, at the contradictory 
accounts concerning its nature, given us by thofe philo- 
fophers who have attempted to examine it; as thefe re- 
late not fo much to the gaftric juice, as to the different 
fubftances found in the ftomach. The idea that the 
gaftric juice can be obtained by vomiting, or that it is 
thrown up fpoutaneoufly by fome animals, is, to fay the 
’leaft ot it, very far from being probable. 

According to Brugnatelli, the gaftric juice of carni- 
vorous animals, as hawks, kites, &c. has an acid and re- 
finous odour, is very bitter, and not at all watery ; and 
is compofed of an uncombined acid, a refin, an animal 
fubftance, and a fmall quantity of muriat of foda*. 
The gaftric juice of herbivorous animals, on the con- 
trary, as goats, lheep, See. is very watery, a little mud- 
dy, has a bitter faltifti tafte, and contains ammonia, an 
animal extraft, and a pretty large quantity of muriat of 
foda j-. Mr Carminati found the fame ingredients; but 
he fuppofes that the ammonia had been formed by the 
putrefa&ion of a part of their food, and that in reality 
the gaftric juice of thefe animals is of an acid nature J. 

The accounts which have been given of the gaftric 
juice of man are fo various, that it is not worth while 
to tranferibe them. Sometimes it has been found of 
an acid nature, at other times not. The experiments 
of Spallanzani are fufficient to ftiew, that this acidity is 
not owing to the gaftric juice, but to the food. He 
never found any acidity in the gaftric juice of birds of 
prey, nor of ferpents, frogs, and fifhes. Crows gave an 
acidulous gaftric juice only when fed on grain ; and he 
found that the fame obfervation holds with refpeft to 
dogs, herbiferous animals, and domeftic fowls. Carni- 
vorous birds threw up pieces of (hells and coral without 
alteration ; but thefe fubftances were fenfibly dim ini fil- 
ed in the ftomachs of hens, even when inclofed in per- 
forated tubes. Spallanzani himfelf fwallowed calcare- 
ous fubftances enclofed in tubes ; and when he fed on 
vegetables and fruits, they were fometimes altered and 
a little diminiftied in weight, juft as if they had been 
put into weak vinegar ; but when he ufed only animal 
food, they came out untouched. According to this 
philofopher, whofe experiments have been by far the 
mod numerous, the gaftric juice is naturally neither 
acid nor alkaline. When poured on the carbonat of 
potafs, it caufes no cffervefcence. 

Such are the refults of the experiments on the juices 
taken from the ftomach of animals. No conclufion can 
be drawn from them refpedting the nature of the gaf- 
tric juice. But from the experiments which have beep 
made on the digeftion of the itomach, efpecially by 
Spallanzani, the following fafts are eftablifiied. 

The gaftric juice attacks the furface of bodies, unites 
to the particles of them which it carries off, and cannot 
be feparated from them by filtration. It operates with 
more energy and rapidity the more the food is divided, 
and its aftion is increafed by a warm temperature. The 
food is not merely reduced to very minute parts j its 
tafte and fmell are quite changed ; its fenfible proper- 
ties deftroyed, and it acquires new and very diffe- 
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rent ones. This juice does not aft as a ferment} fo Fandjon* 
far from it, that it is a powerful antifejptic, and even re- ^ Ammap, 
(lores flefii already putrefied. There is not the fmalleft 
appearance of fuch a procefs ; indeed, when the juice 
is renewed frequently, as in the ftomach, fubftances dif- 
folve in it with a rapidity which excludes all idea of fer- 
mentation. Only a few air bubbles make their efcape, 
which adhere to the alimentary matter, and buoy it up 
to the top, and which are probably extricated by the 
heat of the folution. 

With refpeft to the fubftances contained in the fto- 
mach, only two fafts have been perfeftly afeertained ; 
The firft is, that the juice contained in the ftomach of 
oxen, calves, (beep, invariably contains uncombined 
phofphoric acid, as Macquart and Vauquelin have de- 
monftrated : The fecond, that the juice contained in 
the ftomach, and even the inner coat of the ftomach it- 
felf, has the property of coagulating milk and the fe- 
rum of blood. Dr Young found that feven grains of 
the inner coat of a calf’s ttomach, infufed in water, gave 
a liquid which coagulated more than too ounces of 
milk ; that is to fay, more than 6857 times its own 
weight; and yet, in all probability, its weight was not 
much diminiftied. 

What the fubftance is which poffeffes this coagula- 
ting property, has not yet been afeertained ; but it is 
evidently not very foluble in water ; for the infide of a • 
calf’s ftomach, after being fteeped in water for fix hours, 
and then well waftied with water, dill furnifties a liquor 
on infufion which coagulates milk * : And Dr Young # jW*-. 
found, that a piece of the inner coat of the ftomach, 
after being previoufly waftied with water, and then with 
a diluted folution of carbonat of potafs, (till afforded a 
liquid which coagulated milk and ferum 

It is evident, from thefe fafts, that this coagulating 
fubftance, whatever it is, afts very powerfully ; and that 
it is fcarcely pofiible to feparate it completely from the 
ftomach. But we know at prefent too little of the na- 
ture of coagulation to be able to draw any inference 
from thefe fafts. An almoft imperceptible quantity of 
fome fubftances feems to be fufficient to coagulate milk. 
For Mr Vaillant mentions in his Travels in A frica, that 
a porcelain difti which he procured, and which had lain 
for fome years at the bottom of the fea, poffeffed, in 
confequence, the property of coagulating milk when 
put into it; yet it communicated no tafte to the milk, 
and did not differ in appearance from other cups. 

It is probable that the faliva is of fervice in the con- 
verfion of food into chyme as well as the gaftric juice. 
It evidently ferves to dilute the food ; and probably it 
may be ferviceable alfo, by communicating oxygen. 

5. The chyme, thus formed, paffes from the ftomach 
into the inteftines, where it is fubjefted to new changes,converted 
and at laft converted into two very different fubftances,iIlt0 chyle 
chyle and excrementitious matter. memXCre" 

6. The c/jy/e is a white coloured liquid* very much 
refembling milk. It is exceedingly difficult to colleft 
it in any confiderable quantity, and for that reafon it 
has never been accurately analyfed. We know only in 
general that it refembles milk; containing, like it, an 
albuminous part capable of being coagulated, a ferum, 
and globules which have a refemblance to cream j-. Itt Fordyeeom 
contains alfo different falts ; and, according to fome, a 
fubftance fcarcely differing from the fugar of milk. It 
is probable alfo that it contains iron j but if fo, it muft 

be 
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Fun&ions be in the ftate of a white oxide ; for an infufion of nut 
f Animals. gang jQgg not aiter tbe colour of chyle 

’ 6. Concerning the procefs by which chyle is formed 
from chyme, fcarcely any thing is known. It does not 
appear that the chyme is precifely the fame in all ani- 
mals ; for thofe which are herbivorous have a greater 
length of inteftine than thofe which are carnivorous. 
It is certain that the formation of the chyle is brought 
about by a chemical change, although we cannot fay 
precifely what that change is, or what the agents are 
by which it is produced. But that the change is che- 
mical, is evident, becaufe the chyle is entirely different, 
both in its properties and appearance, from the chyme. 
The chyme, by the action of the inteftines, is feparated 
into two parts, chyle and excrement : the firft of which 
is abforbed by a number of fmall veffels called latttals ; 
the fecond is pufhed along the inteftinal canal, and at 
latl thrown out of the body altogether. 

After the chyme has been converted into chyle and 
excrement, although theft two fubilances remain mixed 
together, it does not appear that they are aide to de- 
compofe each other ; for perfons have been known fel- 
dom or never to emit any excrementitious matter per 
anum for years. In thefe, not only the chyle, but the 
excrementitious matter alfo, was abforbed by the lac- 
teals ; and tht excrement was afterwards thrown out of 
the body by other outlets, particularly by the {kin : in 
confequence of which, thofe perfons have conftantly 
that particular odour about them which diftinguiflies ex- 
crement. Now in thefe perfons, it is evident that the 
chyle and excrement, though mixed together, and even 
abforbed together, did not a6l on each other ; becaufe 
thefe perfons have been known to enjoy good health 
for years, which could not have been the cafe had the 
chyle been deftroyed. 

7. It has been fuppofed by fome that the decompo- 
fitio# of the chyme, and the formation of chyle, is pro- 
duced by the agency of the bile, which is poured out 
abundantly, and mixed with the chyme, foon after its 
entrance into the inteftines. If this theory w^ere true, 
no chyle could be formed wdienever any accident pre- 
vented the bile from pafiing into the inteftinal canal ; 
but this is obvioufly not true ; for frequent inftances have 
occurred of perfons labouring under jaundice from the 
bile dufts being flopped, either by gall-ftones or fome 
other caufe, fo completely, that no bile could pafs into 
the inteftines; yet thefe perfons have lived for a confi- 
derable time in that ftate. Confequently digeftion, and 
therefore the formation of chyle, mull be pofiible, inde- 
pendent of bile. 

The principal ufe of the bile feems to be to feparatc 
the excrement from the chyle, after both have been 
formed, and to produce the evacuation of the excre- 
ment out of the body. It is probable that thefe fub- 
ftances would remain mixed together, and that they 
would perhaps even be partly abforbed together, were 
it not for the bile, which feems to combine with the 
excrement, and by this combination to facilitate its re- 
paration from the chyle, and thus to prevent its abforp- 
tion. It alfo ftimulates the inteftinal canal, and caufes 
it to evacuate its contents fooner than it otherwife 
would do ; for when there is a deficiency of bile, the 

34t body is conftantly coftive. 
Of the ex- The excrement, then, which is evacuated per 

tbuTnuu anum> confifls of all that part of the food and chyme 
t$r. Suppl. Vol. II. Part II. 
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which was not converted into chyle, entirely altered Functions 
however from its original ftate, partly by the decompo- ^ Anima s, 
fition which it underwent in the flomach and inteftines* 
and partly by its combination with bile. Accordingly 
we find in it many fubftances which did not exift at all 
in the food. Thus in the dung of cows and horfes 
there is found a very coniiderable quantity of benzoic 
acid. The excrements of animals have not yet been 
fubje&ed to an accurate analyfis, though fuch an ana- 
lyfis would throw’ much light upon the nature of di- 
geftion. For if we knew' accurately the fubftances which 
were taken into the body as food, and all the new fuh- 
ftances which were formed by digeftion ; that is to lay, 
the component parts of chyle and of excrement, and the 
variation which different kinds of food produce in the 
excrement, it would be a very confiderable ftep towards 
ascertaining precifely the changes produced on food by 
digeftion, or, which is the fame thing, towards afeer- 
taining exadlly the phenomena of digtftion. The only 
analyfis which has hitherto been made on human ex- 
crement is that of Homberg ; and as it confided mere- 
ly in fubjedling it to diftillation, it is needltfs to give 
an account of it. Of late, as Mr Fourcroy informs us, 
the fubjed has been refumed in France, and we may 
foon expedl fome very curious and important additions 
to our knowledge. 34* 

Mr Vauquelin has already publifhed an analyfis ofExcremfnts 
the fixed parts of the excrements of fowls, and a com-0^owb‘ 
parifon of them with the fixed parts of the food ; from 
which fome very curious confequences may be deduced. 

He found that a hen devoured in ten days i 1111 843 
grains troy of oats. Thefe contained 

136.!;09 gr. ofphofphat of lime, 
219.548 filica, 

356.057. 
During thefe ten days fhe layed four eggs; the fhells 

of which contained 98 776 gr. phofphat of lime, and 
453.417 gr. carbonat of lime. The excrements emit- 
ted during thefe ten days contained 175.529 gr. phof- 
phat of lime, 58.494 gr. of carbonat of lime, and 
185.266 gr. of filica. Confequently the fixed parts 
thrown out of the fyftem during thele ten days amount- 
ed to Grams. 

274.305 phofphat of lime, 
511.91 1 carbonat of lime, 
185.266 filica, 

Given out 971.482 
Taken in 356.057 

615.425 
Confequently the quantity of fixed matter given out 

of the fyftem in ten days exceeded the quantity taken 
in by 61 5.425 grains. 

The filica taken in amounted to 219.548 gr. 
That given out was only 185.266 gr. 

Remains 34-282 
Confequently there difappeared 34.282 grains of 

filica. 
The phofphat of lime taken in was 136.509 gr. 
That given out was 274.305 gr. 

4g 
137.796 

Confequently 
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.Fu iftlons Confequently there mull have been formed, by di- 
of Animai« ge^-on ju tj1jg fowji no j^-fg than 137.796 grains of 

^ phofphat of lime, befides 511.911 grains of carbonat. 
Confequently lime (and perhaps alio phofphorus) is not 
a inn pie jubilance, but a compound, and formed of in- 
gredients which cxift in oa feed, water or air, the on- 
ly fuftance to which the fowl had accefs. Silica may- 
enter into its compofition, as a part of the fdica had 
difappeared ; .but if fo, it muft be combined with a great 
quantity of feme other fubilance *. 

Thefe coniequences are too important to be admitted 
without a very rigorous examination. The experiment 
muft be repeated frequently, and we muft be abfolutely 
certain that the hen has no accef; to any calcareous 
earth, and that fhe has not diminifhed in weight ; be- 
eaufe in that cafe rome of the calcareous earth, of which 
part of her body is compofed, may have been empkry- 
ed. This rigour is the more ntceffary, as it feems 
pretty evident, from experiments made long ago, that 
fame birds at lead, cannot produce eggs unkfs they 
have accefs to calcareous earth. Dr Fordyce found, 
that if the canary bird was not fupplied with lime at 
the time of her laying, fhe frequently died, from her 
eggs not coming forward properly j-. He divided a 
number of thefe birds at the time of their laying 
eggs into two parties : to the one he gave a piece of 
old mortar, which the little animals fwallowed greedily ; 
they laid their eggs as ufual, and all of them lived : 
whereas many of the other party, which were fupplied 
with no lime, died 

9. The inteftines feldom or never are deftitute of 
gafes, which feem to be evolved during the procefs of 
digeftion ; and may therefore, in part, oe confidered as» 
excrementitious matter. The only perfon who has ex- 
amined thefe gafes with care, is Mr Jurine of Geneva. 
The refult of his analyfis is as follows. Fie found in 
the ftomach and inteftines of a man who had been 
frozen to death, carbonic acid gas, oxygen gas, hydro- 
gen gas, and azotic gas. The quantity of carbonic acid 
was greateil in the ftomach, audit diminifhed gradually 
as the canal receded from the ftomach ; the proportion 
of oxygen gas was confiderable in the ftomach, fmaller 
in the imall inteftines, and ilili fmaller in the great in- 
teftines ; the hydrogen and azotic gafes,'on the con- 
trary, w ere lead abundant in the ftomach, more abun- 
dant in the fmall inteftines, and molt abundant in the 
larger inteftints ; the hydrogen gas was inoft abundant 
in the fmall inteftines. It is well known that the flatus 
difeharged per anum is commonly carbonated hydrogen 
gas ; fometimes alfo it feems to hold fulphur, or even 

I Eneyc‘ phofphorus 111 iolution 
.hJ'tb' Mtd. 1Q> c|lyie> after it has been abforbed by the lac- 
l' ^ teals, is carried by them into a pretty large veflcl, 
Chyle in known by the name of thoracic dud. Into the lame 
the thoracic veffel Ukewife is difeharged a tranfparent fluid, convey- 
duch ^ cd ^ a fet of veftels which arife from all the cavities of 

' the body. Thefe veffels are called lymphatics, and the 
fluid which they convey is called lymph. In the tho- 
racic dudl, then, the chyle and the lymph are mixed to 

344 gether. 
Mixed with yery i;ttle is known concerning the nature of the 
the lymph, as it jg fcarceiy pofiibk to colle&: it in any quan- 

tity. It is colourlefs, has fome vifeidity, and is laid to 
be fpecifically heavier than water. It is fa id to be coa- 
gulable by heat; if fo, it contains albumen ; and, from 
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its appearance, it probably contains gelatine. Its quan- Fundhonj 
tity is certainly coniiderable, for the lymphatics are very of Ar-imah 
numerous. 

11. The chyle and lymph being thus mixed together, And con- 
are conveyred direftly into the blood veftels. The ef-veyed to 
feet produced by their union in the thoracic duft isn°t^|^art 

known, but neither the colour nor external properties 1 ‘ gs' 
of the chyle is altered. In man, and many other ani- 
mals, the thoracic duft enters at the junftion of the left 
fubclavian and carotid veins, and the chyle is conveyeddi- 
reftly to the heart, mixed with the blood, which already 
exifts in the blood vtffels. From the heart, the blood 
and chyle thus mixed together are propelled into the 
lungs, where they undergo farther changes. 346 

1 2. The abfolute neceflity of refpiration, or of fome Refpira- 
thing analogous, is known to every one ; and few aretl0Q 

ignorant that in man, and hot blooded animals, the or- 
gan by which refpiration is performed is the lungs. 
F or a defeription of the refpiratory organs, we refer to 
the article Anatomy, Encycl. and the reader will find 
an account of the manner in which, that funftion is per- 
formed in the article Physiology, Encycl. But what 
are the changes produced upon the blood and the chyle 
by refpiration ? What purpofes does it ferve to the 
animal ? How comes it to he fo indifpenfably neceflary 
for its exiilence ? Thefe are queftions which can only 
be anfwered by a careful examination of the phenomena 
of refpiration. ^ 

It has been long known that an animal can only Requires 
breathe a certain quantity of air for a limited time, oxygen gas. 
after which it becomes the moft deadly poifon, and 
produces fuffocation as effeftually as the meft noxious 
gas, or a total abfence of air. It was fulpefted long 
ago that this change is owing to the abforption of a 
part of the air ; and Mayow made a number of very in- 
genious experiments in order to prove the faft. Dr 
Prieftley and Mr Scheele demonftrated, that the quan- 
tity of oxygen gas in atmofpheric air is diminifhed ; and 
Lavoilier demonftrated, in 1776, that a quantity of 
carbonic acid gas, which did not previoufly exift in it, 
was found in air after it had been for fome time refpired. 
It was afterwards proved by Lavoifier, and many other 
philofophers, who confirmed and extended his fafts, that 
no animal can live in air totally deftitute of oxygen. 
Even fifli, which do not fenfibly refpire, die very fuon, 
if the water in which they live be deprived of oxygen 
gas. Frogs which can fufpend their refpiration at 
pleafure, die in about forty minutes, if the water in 
-which they have been confined be covered over with 
oil*. Infefts and worms, as Vauquelin has proved, * Carradori, 
exhibit precifely the fame phenomena. They require^**.* 
oxygen gas as well as other animals, and die like them if XX1** 
they be deprived of it. They* diminilh the quantity of*y 

the oxygen gas in which they live, and give out, by 
refpiration, the very fame produfts as other animals. 
Worms, which are more retentive of life than moft 
other animals, or at leaft not fo much affefted by poifon- 
ous gates, abforb every particle of the oxygen gas con- 

"tained in the air in which they are confined before they 
die. Mr VauquelinT experiments were made on the 
gryllus viridiffimus, the limax flavus, and helix poma-I^'’* ** b. 1. Lhtm. XiL 
Uaf. .... 178. 

The changes which take place during refpiration are 
the following : Changes 

1. Part of the .oxygen gas refpired difappears. _ produced 
2. Carbonic 1 ‘ 
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2. Carbonic acid gas is emitted. 
i. Water is emitted in the ftate of vapour. 
The firft point is to afccrtain exadly the amount of 

thefe changes. Though a great many experiments have 
been made on this fubjeft by different philofophers, the 
greatefl confidence ought to be put in thofe of Lavoi- 
fier, both on account of his uncommon accuracy, and 
on account of the very complete apparatus which he 
always employed. . . 

He put a guinea-pig into 708.989 grains troy ot 
oxv^en, and after the animal had breathed the gas tor 
an hour, he took it out. He found that the oxygen 
gas now amounted only to 59 “-253 gr‘ 
Confequently there had difappeared 116.736 
The carbonic acid gas formed was i3°-472 

This was compofed ot about 94,234 
oxygen, and 
of carbon. Confequently fuppofing, as Mr Lavoiuer 
did, that the oxygen abforbed had been employed in 
the formation of the carbonic acid gas, there tfdl re- 
mained to be accounted for 22.502 grains of oxygen 
which had difappeared. He fuppofed that tms nad 
been employed in the formation of water, a quantity ot 
which had appeared. If fo, the water formed muff 
have amounted to 26.429 grains; which was compoied 
of 3.927 hydrogen, the reft oxygen ^ „ r 

Since the water emitted was not actually atcer- 
tained, this experiment can only be confidered as an 
approximation to the truth. Accordingly that very 
ingenious philofopher contrived an apparatus to afcer- 
tain the quantity of oxygen gas abforbed by man, and 
the quantity of carbonic acid gas and water emitted by 
him during refpiration. This apparatus he had con- 
ftruCted at an expence at leaft equal to L. 500 fterling. 
The experiments were completed, and he was PiePa' 
ring them for publication, when, on the 8th of May 
I 794, he was beheaded by order of Robefpierre, after 
having in vain requefted a fortnight’s delay to put his 
papers in order for the prefs. Thus penihed, in the 
rift year of his age, the man who, if he had lived a 
few years longer, promifed fair to become the r.val ot 
Newton himfelf. Chemiftry, as a fctence, is deeply in- 
debted to him. He faved it from that confufion into 
which the thoughtlefs ardour of many of his contem- 
poraries were plunging it headlong : he arranged and 
conneaed and fimplified and explained the multitude 
of infulated fads, which had been accumulating with 
unexampled celerity ; and which, had it not been for his 
happy arranging genius, might have retarded, inftead 
of advanced, the progrefs of the fcience. He reduced 
all the fads under a few Ample heads, and thus made 
them e a lily remembered and eaiily claflihea. In a tew 
years more, perhaps, he would have traced thefe general 
principles to their fources, eftablifhed the fcience on 
the completed indudion, and paved for his fuccelfors a 
road as unerring as that which Sir Ifaac Newton formed 
in mechanical philofophy. 

Mr Lavoiiier’s experiments have never been pubhih- 
ed, but fortunately Mr de la Place has given us the 

f La Tlace's refult of them f. He informs us that it was as iol- 
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refpiration, in the fame time, 15.73 oz. troy of carbonic 
acid gas, and 28.55 of water in the ftate ^ \ 
of vapour.   

Total 44.28 
The carbonic acid gas is compofed of 
and 5.243 carbon. The water of 
and 4.2825 hydrogen. 
Total of the oxygen emitted 
Total abforbed 

34.754ib 
3 2-4^437 

So that there is 2.3697916 

lows : A man, at an average, confumes, in twenty- 
four hours, by refpiration, 32.48437 truy of 

oxygen gas ; that is to fay, that a quantity of oxygen 
gas, equal to that weight, difappears from the air which 
L refpires in twenty-four hours; that he gives ou by 

ounces of oxygen emitted more than is abforbed by 
refpiration. Thus it appears that, by refpiration, the 
abfolute quantity of oxygen in the blood is diminifiied. 

J)r Menzies found that a man, at a medium, draws 
in at every refpiration 43.77 cubic inches of air, and 
that T\yth of that quantity difappears. Confequently, 
according to him, at every refpiration 2.1885 cubic 
inches of oxygen gas are confumed. Now 2.1885 
cubic inches of that gas amount to 0.68669 gr. troy. 
Suppofing, with Hales, that a man makes 1200 requra- 
tions in an hour, the quantity of oxygen gas confu- 
med in an hour will amount to 824.028 grains, and 
in 24 hours, to 19776-672 grains, or 41.2014 ounces 
troy, This quantity exceeds that found by Lavotfier 
confiderably*; but the allowance of oxygen for every 
refpiration is rather too great. Indeed, from the nature 
of Dr Menzies’s apparatus, it was fcarce poftible to mea- 
fure it accurately. 

The quantity of water given out by refpiration, as 
determined by Hales, amounts in a day to 20.4 
but his method was not fufeeptible of great accuracy. ' 
We may therefore, on the whole, confider Lavoifier s 
determination as by far the neareft to the truth of any 
that has been given. 

There is, however, a very fingular anomaly, which 
becomes apparent when we compare his experiments cm 
the refpiration of the guinea-pig with thofe on the refpi- 
ration of man. 

The guinea-pig confumed in 24 hours 5*83^8 oz. 
troy of oxygen gas, and emitted 6.5236 oz. 
of carbonic acid gas. Man, on the other hand, con- 
fumes in the fame time 32,48437 oz* 
of oxygen gas, and emits only oz' 
carbonic acid gas. The oxygen gas confumed by the 
pig is to the carbonic gas emitted as 1.00:1.12; 
whereas in man it is as 1.000 : c.484. If could 
depend upoon the accuracy of each of thefc experimentt, 
they would prove, beyond a doubt, that the changes 
produced by the refpiration of the pig aie difTerent, at 
leaft in degree, from thofe produced in man ; but it is 
more than probable that feme miitake has crept into 
one or other of the experiments. We have more rea- 
fon to fufpea the firft, as it was made before 1778, at 
a time when a great many circumftances, neceffary to 
infure accuracy, were unknown to Lavoifier. 

Such are the fubftances imbibed and emitted during 
refpiration. It ftill remains for us to determine what 
are the changes which it produces on the blood. 

It has been long known that the blood which flows 
in the veins is of a dark reddifh purple colour, whereas 
the arterial blood is of a florid fcarlet colour. Lower 
obferved that the colour of the veinous blood was con- 
verted into that of arterial during its paflage through 

4 G 2 the 
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Functions the lungs. No chyle can be diftinguiflied by its white 

«.f Animals, colour in the blood after it has paffed through the 
^ lungs. The changes, then, which take place upon the 

appearance of the blood are two : iy?, It acquires a flo- 
rid red colour ; 2dy The chyle totally difappcars. Now 
to what are thefe changes owing ? 

Lower himfelf knew that the change was produced 
by the air, and Mayow attempted to prove that it was 
by abforbing a part of the air. But it was not till Dr 
Priellley discovered that veinous blood acquires a fear- 

349 let colour when put in contaft with oxygen gas, and 
Two hypo-arterial blood a dark red colour when put in contact 

^airTthef1*W^1 ^>rclrogen gas> or> which is the fame thing, that 
changes. ^ oxygen gas inltantly gives veinous blood the colour of 

arterial; and hydrogen, on the contrary, gives arterial 
blood the colour of veinous blood : it was not till then 
that philofophers began to attempt any thing like an 
explanation of the phenomena of refpiration. Two ex- 
planations have been given ; one or other of which mull 
be true. 

The firll is, that the oxygen of the air, which difap- 
pears, combines with a quantity of carbon and hydro- 
gen given out by the blood in the lungs, and forms 
with it carbonic acid gas and water in vapour, which 
are thrown out along with the air expired. 

The fecond is, that the oxygen gas, which difappears, 
combines with the blood as it palfes thro’ the lungs ; and 
that, at the inllant of this combination, there is fet free 
from the blood a quantity of carbonic acid gas and of 
water, which are thrown out along with the air expired. 

The firft of thefe theories was originally formed by 
Lavoifier, and it was embraced by La Place, Craw- 
ford, Gren, and Girtanner, with a fmall variation. In- 
deed it does not differ, except in detail, from the ori- 
ginal hypothelis of Dr Priellley, that the ufe of refpi- 
ration is to rid the blood of phlogillon ; for if we fub- 
ftituie carbon and hydrogen for phlogifton, the two 
theories precifely agree. Mr Lavoifier attempted not 
to prove its truth; he only tried to fhew that the oxy- 
gen abiorbed correfponds exafUy with the quantity 
of oxygen contained in the carbonic acid and the water 
«mitted. This coincidence his own experiments have 
fhewn not to hold ; confequently the theory is entirely 
dellitute of proof, as far as the proof depends upon this 
coincidence. 

The other hypothefis was propofed by Mr de la 
Grange, and afterwards fupported and illullrated by Mr 
Halfenfratz. ' 

Iffedts of In order to difeover what the real eiTedls of refpira- 
refpiration tion are, let us endeavour to Hate accurately the pheno- 
examined. mena as far as poflible.' 

In the place, we are certain, from the experi- 
ments ot Priellley, Girtanner, and Halfenfratz, that 
when veinous blood is expoied to oxygen gas confined 
over it, the blood inltantly alfumes a icarlet colour, and 
the gas is diminilhed in bulk ; therefore part of the gas 
has been abiorbed. We may confider it as certain, then, 
that when the colour of veinous blood is changed into 
arterial, fome oxygen gas is abiorbed f. 

In the fecond place, no chyle can he difeovered in the 
blood after it has palled through the lungs. Therefore 
the white colour of the chyle at lead, is dellroyed by 
refpiration, and it alfumes a red colour. Now if the 
red colour of the blood be owing to iron, as many have 
fuppoied, this change of colour is a demonilration that 

4 /.nn. de 
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oxygen has combined with the iron for we have feen Pun<9W 
already, that iron, if it exilts in chyle, as it probably olf Aniraai** 
does, is in the Hate of a white oxide. Confequently,   
when converted into a red oxide, it mull abforb oxygen. 
Even though iron be not the colouring matter of the 
blood, it would Hill be probable that the change of co- 
lour of the chyle depends on the fixation of oxygen ; 
for Berthollet and Fourcroy have (hewn that in feveral 
initances fubilances acquire a red colour by that procefs. 

We may confider it as proved, then, that oxygen en- 
ters the blood as it palfes through the lungs. 

In the third place, when arterial blood is put in con- 
tad with azotic gas, or carbonic acid gas, it gradually 
alfumes the dark colour of veinous blood, as Dr Prielt- 
ley found*. The fame philofopher alfo obferved that h>riefleyt 
arterial blood acquired the colour of veinous blood111, ,363, 

when placed in vacuo f. Confequently this alteration t and 
of colour is owing to Ibme change which takes place'?""** 
in the blood itfelf, independent of any external agent, ff**'1* 

The arterial blood becomes much more rapidly and 
deeply dark coloured when it is left in contact with hy- 
drogen gas placed above it j;. WfcC mull fuppofe there-1 Tourer^ 
fore that the prefence of this gas accelerates and in- 
creates the change, which would have taken place upon Clm' vii* 
the blood without any external agent. I4^’ 

If arterial blood be left in contadl with oxygen gas, 
it gradually alfumes the fame dark colour which it 
would have acquired in vacuo, or in contadl with hy- 
drogen ; and after this change nxygen can no longer re- 
ftore its fcarlet colour $. Therefore it is Only upon a § Hid. Ix. 
part of the blood that the oxygen ads ; and after this *68. 
part has undergone the change which occafions the dark 
colour, the blood lofes the power of being affeded by 
oxygen. 

Mr Hafienfratz poured into veinous blood a quan- 
tity of oxy-muriatic acid ; the blood was inflantly de- 
compofed, and aflumed a deep and almoll black colour. 
When he poured common muriatic acid into blood, the 
colour was not altered ||. Now oxy-muriatic aoid has Ibid, 
the property of giving out its oxygen readily ; genfe- 
quently the black colour was owing to the inftahttcom- 
bination of a part of the blood with oxygen. 

The fadts therefore lead us to conclude, with La 
Grange and Hafienfratz, that during refpiration the 
oxygen, which difappears, enters the blood; that during 
the circulation this oxygen combines with a certain part 
of the blood; and that the veinous colour is owing to this 
new combination. We mult conclude, too, that the fub- 
ftance which caufes this dark colour leaves the blood du- 
ring its circulation thro’ the lungs, othenvife it could not 
be capable of affuming the florid colour. Now we know 
what the fubtlances are which are emitted during re- 
fpiration ; they are water and carbonic acid gas. It 
mull be to the gradual combination of oxygen, then, 
during the circulation, with hydrogen and carbon, 
that the colour of veinous blood is owing. And iince 
the fame combination takes place every time that the 
blood pafies through the lungs, we mull conclude, 
that it is only a part of the hydragen and carbon which 
is aCled upon each time. Let us now attempt, with 
thefe data, to form fome notion of the decompofition 
which goes on during the circulation of the blood. 

It is probable that, during a confiderable part of the Contribates 
day, there is a contlant influx of chyle into the blood ; to the for- 
and we are certain that lymph is conftantly flowing in- mation of 

blood. to 
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Fundi ms to it. Now it appears, from the molt accurate obfer. 

»f Animals, vations hitherto made, that neither chyle nor lympn 
contain fxbrina, which forms a very confpicuous part 
of the blood. This tibrina is employed to fupply 
the watte of the muicles, the molt active parts ot the 
body, and therefore, in all probaoility, requiring the 
molt frequent fupply. Nor can it be doubted that it is 
employed for other ufeful purpofes. The quantity of 
fibrina in the blood, then, mult he conllantly dimiuiih- 
ing, and therefore new tibrina mult be conitantly torm- 
ed. But the only fubitances out of which it can be 
formed are the chyle and lymph, neither of which con- 
tain it. There mult therefore be a continual decompo- 
lition of the chyle and lymph going on in the blood- 
veffels, and a continual new formation of fibrina. Other 
iubltances alio may be formed; but we are certain that 
this muji be formed there, becaufe it does not exirt pre- 
vioufly. Now, one great end of refpiration mult un- 
doubtedly be to afliit this decompolitiou of chyle and 
complete formation of blood. 

It follows, from the experiments of Fourcroy for- 
merly enumerated, that hbrma contains more azot, and 
lefs hydrogen and carbon, than any ot the other ingre- 
dients of the blood, and confequently alfo than any of 
the ingredients of the chyle. In what manner the 
chyle, or a part of it, is converted into fibrina, it is im- 
poffible to fay : we are not fufficiently acquainted with 
the fubjett to be able to explain tiie procefs. But 
we can fee at lealt, that carbon and hydrogen mult be 
abdrafted from that part of the chyle which is to be 
converted ioto fibrina : And we know, that thefe fub- 
itances are actually thrown out by refpiration. We 
may conclude, then, that one ufe of the oxygen ab- 
forbed is, to abltraft a quantity of carbon and hydro- 
gen from a part of the chyle by compound affinity, in 
Inch proportions, that the remainder becomes ribrina; 
therefore one end of refpiratron is to form fibrina. 
Doubtleis the other ingredients of the blood are alio 
new modified, though we know too little of the fub- 
jeft to throw any light upon it. 

3J2 i^. But the Complete formation of blood is not the 
animal”25 only advantage gamed by reipiration: the tempera* 
heat; ture of all animals depends upon it. It has been long 

known, that thole animals which do not breathe have a 
temperature but very little fuperior to the medium in 
which they live. This is the cafe with filhes and many 
infefts. Man, on the contrary, and quadrupeds which 
breathe, have a temperature confiderably higher than the 
atmoiphere: that of man is 98°. Birds, who breathe 
111 proportion a Itill greater quantity of air than man, 
nave a temperature equal to 103° or 104°. It has 
been proved, that the temperature of ad animals is pro- 
portional to the quantity of air which they breathe in a 
given time. 

Thefe fafts are fufficient to demonftrate, that the 
beat of animals depends upon refpiration. But it was 
not till Dr Black’s doftrine of latent heat became known 
to the world, that any explanation of the caule of the 
temperature of breathing animals was attempted. That 
iilultnous philofopher, whofe difeoveries form the bails 
upon which ail the fcientific part of chemiftry has been 
reared, law at once the light which his doftrine of la- 
tent heat threw upon this part of phyfiology, and he ap- 
plied it very early to explain the temperature of animals. 

According to him, part of the latent heat of the air 
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infpired becomes feniible; and of courfe, the tempera- Fundi ns 
ture of the lungs, and the blood that pafles through'’^ Aniiruis

i* 
them, muil be railed; and the blood, thus heated, com- 
mumcates its heat to the whole body. This opinion 
was ingenious, but it was liable to an unanlwerable ob- 
jection : for if it were true, the temperature of the body 
ought to be greatelf in the lungs, and to diminiih gra- 
dually as the diltance from the lungs increaies; which 
is not true. The theory, in conlequence, was aban- 
doned even by Dr Black himieif; at kail he made no 
attempt to iupport it. 

Bavoifier and Crawford, who confidered all the 
changes operated by reipiration as taking place in the 
lungs, accounted for the origin of the animal heat al- 
moit prcciiely in the fame manner with Dr Black. Ac- 
cording to them, the oxygen gas of the air combines in 
the lungs with the hydrogen and carbon emitted by the 
blood. During this combination, the oxygen gives out 
a great quantity of caloric, with which it had been com- 
bined ; and this caloric is not only fufficient to lupport 
the temperature of the body, but alio to carry off the 
new formed water in the Hate of vapour, and to raife 
confiderably the temperature of the air inlpired. Ac- 
cording to thefe philofophers, then, the whole of the 
caloric which fupports the temperature of the body is 
evolved in the lungs. Their theory accordingly was 
liable to the fame objeftiou with Dr Black’s ; but they 
obviated it in the following manner: Dr Crawford 
found, that the fpecific caloric of arterial blood was 
1.0300, while that of veinous blood was only 0.8928. 
Hence he concluded, that the initant veinous blood is 
changed into arterial blood, its fpecific caloric increafes ; 
confequently it requires an additional quantity of calo- 
ric to keep its temperature as high as it had been while 
veinous blood. This addition is fo great, that the 
whole new caloric evolved is employed : therefore the 
temperature of the lungs mult nectfianly remain the fame 
as that of the reft of tne body. During the circulation, 
arterial blood is gradually converted into veinous; con- 
fequently its fpecific caloric diminilhes, and it mult give 
out heat. This is the reafon that the temperature of 
the extreme parts of the body does not diminilh. 

This explanation is certainly ingenious ; but it is not 
quite fatisfaftory; for the difference in the fpecific calo- 
ric, granting it to be accurate, is too Imall to account 
for the great quantity of heat which mutt be evolved. 
It is evident that it muff fall to the ground altogether, 
provided, as we have feen realon to luppole, the carbo- 
nic acid gas and water be not formed in the lungs, but 
during the circulation. 

Since the oxygen enters the blood, and combines 
with »t in the ffate of gas, it is evident that it will only 
part at firff with feme of its caloric ; and this portion is 
chiefly employed in carrying off the carbonic acid gas 
and the water. For the reafon that the carbonic acid 
leaves the blood at the inffant that the oxygen gas en- 
ters it, feems to be this : The oxygen gas combines 
with the blood, and part of its caloric unites at the fame 
inftant to the carbonic acid, and converts it into gas: 
another portion converts the water into vapour. The 
reft of the caloric is evolved during the circulation when 
the oxygen combines with hydrogen and carbon, and 
forms water and carbonic acid gas. The quantity of 
caloric evolved in the lungs feems not only fufficient to 
carry off the carbonic acid and water, which the dimi- 

nution 
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Pundions nution of the fpecific caloric (if it really take place) 

of AnimaH.mufl. facJi;tate; but it feems alf0 to raife the tempera- 
v ture of the blood a little higher than it was before. 

For Mr John Hunter conftantly found, that the heat 
of the heart in animals was a degree higher than any 
other part of the body which he examined. Now this 
could fcarcely happen unlefs the temperature of the 

3n blood were fomewhat raifed during refpiration. 
And fup- Thus we have feen two ufes which refpiration feems 
ports the to ferve. The firll is the completion of blood by the 
circulation. formatjon Gf fibrina ; the fecond is the maintaining of 

the temperature of the body at a particular ftandard, 
notwithftanding the heat which it is continually giving 
out to the colder furrounding bodies. But there is a 
third purpofe, which explains why the animal is killed 
fo fuddenly when refpiration is hopped. The circu- 
lation of the blood is ahfolutdy necelfary for the con- 
tinuance of life. Now the blood is circulated in a 
great meafure by the alternate contra&ions of the heart. 
It is neceffary that the heart fliould contrail regularly, 
otherwife the circulation could not go on. But the 
heart is ftimulated to contrail by the blood : and un- 
lefs blood be made to undergo the change produced by 
refpiration, it ceafes almoit inftantaneouOy to ftimulate. 
As the blood receives oxygen in the lungs, we may 
conclude that the prefence of oxygen is neceffary to its 

*G»Vfa«wr,ft;rauiatjng power *. 
Jour, de Thus we have reafon to fuppofe, that chyle and 

xxxix. are converted into blood during the circulation ; 

Kidi i-i4 an^ that the oxygen gas fupplied by refpiration is one 
employed of the principal agents in this change. But befides the 
in the for- lungs and arteries, there is another organ, the foie ufe 
mation of 0f which is alfo to produce feme change or other in 
blood. hlood^ which renders it more complete, and more 

proper for the various purpofes to which it is applied. 
This organ is the kidney. 

For the ftrudlure of the kidneys, which in man and 
quadrupeds are two in number, we refer to Anatomy, 
Encycl. A very great proportion of blood paffes thro’ 
them ; indeed, we have every reafon to conclude, that 
the whole of the blood paffes through them very fre- 
quently. 

Thefe organs feparate the urine from the blood, to 
be afterwards evacuated without being applied to any 
purpofe ufeful to the animal. 

The kidneys are abfolutely neceffary for the conti- 
nuance of the life of the animal; for it dies very fpe.e- 
dily when they become by difeafe unfit to perform 
their fundions : therefore the change which they pro- 
duce in the blood is a change neceffary for qualifying 
it to anfwer the purpofes for which it is intended. 

As the urine is immediately exefeted, it is evident 
that the change which the kidneys perform is intended 
folely for the fake of the blood. It is not merely the 
abftra&ion. of a quantity of water and of falls, accu- 
mulated in the blood, which thb kidney performs. A 
chemical change is certainly produced, either upon 
the whole blood, or at leaft on fome important part of 
it; for there are two fubftances found in the urine 
which do not exiil in the blood. Thefe two fubftances 
are urea and uric acid. "I hey are formed, therefore, 
in the kidneys; and as they are thrown out, after being 
formed, without being applied to any ufeful purpole, 
they are certainly not formed in the kidneys for their 
own fake. Some part of the blood, then, muft be de- 
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compofed in the kidney, and a new fubftance, or new FumSHons 
fubftances, muft be formed; and the urea and uric acidf)f Aniniab. 
muft be formed at the fame time, in confequence of the ¥~ ,~f 

combined a&ion of the affinities which produce the 
change on the blood ; and being ufelefs, they are 
thrown out, together with a quantity of water and 
■falts, which, in all probability, were ufeful in bringing 
about the changes which take place in the arteries and 
in the kidneys, but which are no longer of any fervice 
after thefe changes are brought about. 

The changes operated upon the blood in the kidneys 
are hitherto altogether unknown; but they muft be im- 
portant. 35$ 

Provided the method of analyfing animal fubftances Cutane«u* 
Were fo far perfedled as to admit of accurate conclu-vt^c^ 
fions, confiderable light might be thrown upon this 
fubjeft, by analyfing with care a portion of blood from 
the emulgent vein and artery feparately, and afeertain- 
ing precifely in wdrat particulars they differ from each 
other. 

15. Thus we have feen that the principal changes 
which the bleod undergoes, as far at leaft as we are at 
prefent acquainted with them, take place in the lungs, 
in the kidneys, and in the arteries. In the lungs, a 
quantity of water and carbonic acid gas is emitted from 
the blood, and in the kidney the urine is formed and 
feparated from it. There feems alfo to be fomething 
thrown out from the blood during its circulation in the 
arteries, at leaft through thofe veffels which are near 
the furface of the body : For it is a fa£l, that certain 
fubftances are conftantly emitted from the fkins of ani- 
mals. Thefe fubftances are known in general by the 
name of perfpirable matter or perfpiration. They have 
a great refemblance to what is emitted in the lungs; 
which renders it probable, that they are both owing 
to the fame caufe ; namely, to the decompofition pro- 
duced in the blood by the effedls of refpiration. They 
confift chiefly of water in a ftate of vapour, carbon, and 
oil. _ 356 

The quantity of aqueous vapour differs very confi-Emit aqre. 
derably, according to circumilances. It has been ftiewnous vaP0l,r« 
to be greateft in hot weather, and in hot climates, and 
after great exercife ; and its relation to the quantity of 
urine has been long known. When the aqueous va- 
pour perfpired is great, the quantity of urine is fmall, 
and vice verfa. 

The mod accurate experiments on this matter that 
wc have ieen are thofe of Mr Cruiklhank. He put his 
hand into a glafs veffel, and luted its mouth at his wrift 
by means of a bladder. The interior furface of the 
veffel became gradually dim, and drops of water trick- 
led down. By keeping his hand in this manner lor an 
hour, he collected 30 grains of a liquid, which poffefled 
all the properties of pure water*. On repeating the * 2a/^** 
fame experiment at nine in the evening (thermometer/^ 
62^), he colledled only 12 grains. The mean of thefe'P' 
is 21 grains. But as the hand is more expofed than 
the trunk of the body, it is reafwnable to fuppofe that 
the perfpiration from it is greater than that Irom the 
hand. L,et us therefore take.30 grains per hour as the 
mean ; and let us fuppofe, with Mr Cruikfhank, that 
the hand is furface of the body. The per- 
fpiration in an hour would amount to 1800 grains, and 
in 24 hours to 43200 grains, or 7 pounds 6 ounces 
troy. 
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Funa.i ns He repeated the experiment again after hard exer- 
,f Animals. cjfe> and colledted in an hour 48 grains of water*. He 
u'—v ’ found alio, that tin's aqueous vapour pervaded his ftock- 
*rnnvnfZ intr without difficulty ; and that it made its way thro’ 
rUtlOHy 
p. 70. 
f Ibid, p 
8a. 

357 
Carbon, 

a lhamoy leather glove, and even through a leather 
boot, though in much fmaller quantity than when the 
leg wanted that covering f. 

It is not difficult to fee -why the quantity of watery 
vapour diminifhes with cold. When the furface of the 
body is ex poled to a cold temperature, the capacity of 
the cutaneous velfels dinnnilhes, and confequently the 
quantity which flows through them mull decreafe. 

When the temperature, on the other hand, is much 
increafed, either by being expofed to a hot atmofphere, 
or by violent exercife, the perfpired vapour not only in- 
creafes in quantity, but even appears in a liquid form. 
This is known by the name of faveat. In what man- 
ner fweat is produced, is not at prefent known ; but we 
can fee a very important fervice which it performs to 
the animal. 

No fooner is it thrown upon the furface of the Ikin 
than it begins to evaporate. * But the change into va- 
pour retpiires heat ; accordingly a quantity of heat is 
abforbed, and the temperature of the animal is lowered. 
This is the reafon that animals can endure to remain for 
fome time in a much higher temperature without injury 
than could have been fuppofed. 

The experiments of Tillet, and the ftill more deci- 
five experiments of Fordyce and his affociates, are well 
known. Thefe gentlemen remained a confiderable time' 
in a temperature exceeding the boiling point of waten 

Befides water, it cannot be doubted that carbon is 
alfo emitted from the Ikin ; but in what ftate, the ex- 
periments hitherto made do not enable us to decide. 
Mr Cruikfhank found, that the air of the glafs vefiel in 
which his hand and foot had been confined for an hour, 
contained carbonic acid gas ; for a candle burned dim- 
ly in it, and it rendered lime-w'ater turbid *. And 
Mr Jurine found, that air which had remained for lome 
time in contact with the Ikin, confifted almoft entirely 

\lonc.Meth.Q,l carbonic acid gas "f. The fame conclufion may be 
Me^ i. p. drawn from the experiments of Ingenhoufz and Mil- 

ly %. 
Now it is evident, that the carbonic acid gas which 

appeared during Mr Cruikfhank's experiment, did not 
previoufly exiil in the glais veffel ; confequently it muft 
have either been tranfmitted'ready formed through the 
fkin, or formed during the experiment by the abforp- 
tion of oxygen gas, and the confequent emiffion of car- 
bonic acid gas. The experiments of Mr Jurine do not 
allow' us to fuppofe the firft of thefe to be true ; for 
he found, that the quantity of air allowed to remain in 
contadt with the fkin did not increafe. Confequently 
the appearance of the carbonic acid gas muil be owing, 
either to the emiffion of carbon, which forms carbonic 
acid gas by combining with the oxygen gas of the air, 
or to the abforption of oxygen gas, and the fubfequent 
emiffion of carbonic acid gas ; precifely in the fame 
manner, and for the fame reafon, that thefe fubftances 
are emitted by the lungs. The laft is the more pro- 
bable opinion ; but the experiments hitherto made do 
not enable us to decide. 

* Ibid, p- 
70 ar.d Si. 

515- 
$ Ibid, p, 
i*I. 
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every animal has a peculiar fmell, is well known : the Functions 
dog can difcover his mafter, and even trace him to aof Ar’imals; 
diftance by the fcent. A dog, chained fome hours “ 
after his mafler had fet out on a journey of fome hundred 
miles, followed his footftepsby the fmell, and found him 
on the third day in the midfl of a crowd*. But it is need- * Cruit- 
lefs to multiply inftances of this faft, they are too w tWfianb, ibid. 
known to every one. Now this fmell muit be owing 
to fome peculiar matter which is conftantly emitted ; 
and this matter muil differ fomewhat either in quantity 
or fome other property, as we fee that the dog eafily 
diftinguifhes the individual by means of it. Mr Crink- 
fhank has made it probable that this matter is an oily 
fubftance ; or at leaf! that there is an oily fubftance 
emitted by the fkin. He wore repeatedly, night and 
day for a month, the fame veil of fleecy hofiery during 
the hotteft part of the fummer. At the end of this 
time he always found an oily fubftance accumulated in 
confiderable' maffes on the nap of the inner furface of 
the veft, in the form of black tears. When rubbed on 
paper, it makes it tranfparent, and hardens on it like 
greafe. It burns with a white flame, and leaves behind 
it a charry refiduum f. f MM- p. 

It has been fuppofed that the fkin has the property 9^ 
of abforbing moijlure from the air ; but this opinion has 
not been confirmed by experiments, but rather the 
contrary. _ 

The chief arguments in favour of the abforption of^e't^er 
the fkin, have been drawn from the quantity of moifture thefkinab- 
difebarged by urine being, in fome cafes, not only great- moi_ 

er than the whole drink of the patient, but even than uur ’ 
the whole of his drink and food. But it ought to be 
remembered that, in diabetes, the difeafe here alluded 
to, the weight of the body is continually diminifhing, 
and therefore part of it muft be conftantly thrown off. 
Befides, it is fcarcely poffible in that difeafe to get an 
accurate account of the food fwallowed by the patients; 
and in thofe cafes where very accurate accounts have 
been kept, and where deception was not fo much prac- 
tifed, the urine was found not to exceed the quantity of 
drink *. In a cafe of diabetes, related with much accu- * Pee ReV* 
racy by Dr Gerard, the patient was bathed regularly en Dmbeter. 
during the’early part of the difeafe in warm water, and 
afterwards in cold water 1 he was weighed before and 
after bathing, and no fenfible difference was ever found 
in his weight f. Confequently, in that cafe, the quan-f. rbldAu 
tity abforbed, if any, muft have been very fmall. 73. 

It is well known, that thirft is much alleviated by- 
cold bathing. By this plan, Captain Bligh kept his 
men cool and in good health during their very extraor- 
dinary voyage acrots the South Sea. d his has neen 
confidered as owing to the abforption of water by the 
fkin, But Dr Currie had a patient who was wafting 
faft for want of nourifhment, a tumor in the cefophagua 
preventing the poffibility of taking food, and wbofe 
thirft was always alleviated by bathing ; yet no fenfible 
increafe of weight, but rather the contrary, was per- 
ceived after bathing. It does not appear, then, that in 
either of thefe cafes water was abforbed. 

Farther, Seguin has {hewn that the fkin does not ab- 
forb water during bathing, by a ftill more complete ex- 

He diflblved fome mercurial fait in water. penment: 
358 Befides water and carbon, or carbonic acid gas, the and found that the mercury produced no effea upon a 

J«ter.°iIyfcin emits alfo a particular odorous fubftance. That perfon that bathed in the water, provided no part ot 
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Fimfhons the cuticle was injured ; but upon rubbing off a por- 
of Anin a.8.tjou tjie cut;cje> mercurial folution was abforbed, 

and the efledbs of the mercury became evident upon the 
body. Hence it follows irrefiftibly, that water, at lead 
in the ftate of water, is not abforbed by the ikin when 
the body is plunged into it, unlefs the cuticle be firft 
removed. 

Or any This may perhaps be confidered as a complete proof 
other Tub- that no fuel) thing as abforption is performed by the 

fkiu ; and that therefore the appearance of carbonic 
acid gas, which takes place when air is confined around 
the fkin, muft be owing to the emiflion of carbon. But 
it ought to be confidered, that although the (kin can- 
not abforb water, this is no proof that it cannot abforb 
Other iubftances ; particularly, that it cannot abforh 
oxygen gas, which is very different from water. It is 
well known, that water will not pafs through bladders, 
at lead for fome time; yet Dr Priedly found that vein- 
ous blood acquired the colour of arterial blood from 
oxygen gas, as readily when thefe fubdauces were fepa- 
rated by a bladder as when they w'cre in aftual contact. 
He found,- too, that when gafes were confined in blad- 
ders, they gradually lod their properties. It is clear 
from theie fafts, that oxygen gas can pervade bladders ; 
and if it can pervade them, why may it not alfo per- 
vade the cuticle ? Nay, farther, we know from the ex- 
periments of Cruikfhank, that the vapour perfpired paffes 
through leather, even when prepared fo as to keep out 
moidure, at lead for a certain time. It is poffible, then, 
that water, when in the date of vapour, or w'hen dif- 
folved in air, may be abforbed, although w'ater, while in 
the date of water, may be incapable of pervading the 
cuticle. The experiments, then, w’hich have hitherto 
at lead been made upon the abforption of the fkin, are 
altogether infufficient to prove that air and vapour can- 
not pervade the cuticle ; provided at lead there be any 
fadts to render the contrary fuppofition probable. 

Nowr that there are fuch facts cannot be denied. We 
fhall not indeed produce the experiment of Van Mons 
as a facl of that kind, becaufe it is liable to objections, 
and at bed is very undecifive. Having a patient under 
his care who, from a wound in the throat, was inca- 
pable for fe-veral days of taking any nourifhment, he 
kept him alive during that time, by applying to the 
fkin in different parts of the body, feveral times a day, 

* Phil. a fponge dipt in wine or drong foup *. A fadt men- 
Mag.vu tioned by Dr Watfon is much more important, and 

much more decifive. A lad at Newmarket, who had 
been almod darved in order to bring him down to fueh 
a weight as would qualify him for running a horfe race, 
was weighed in the morning of the race day ; he was 
weighed again jud before the race began, and was found 
to have gained 30 ounces of weight fince the morning: 
yet in the interval he had only taken a fingle glafs of 
wine. Here abforption mud have taken place, either 
by the fkiu, or lungs, or both. The difficulties in ei- 

- ther cafe are the fame ; and whatever renders abforp- 
tion by one probable, will equally drengthen the pro- 
bability that abforption takes place by the other (r). 

16. We have now feen the procefs of digedion, and 

Part I{. 
the formation of blood, as far at lead as we are ac- Function* 
quainted with it. But to w hat purpofes is this blood of 

employed, which is formed with fo much care, and for 
the formation of which fo great an apparatus has been Blood fup- 
provided ? It anfwers two purpofes. The parts of t lies the 
which the body is compofed, bones, mufcles, ligaments, wafte 

membranes, &c. are continually changing. In youth,the ^em* 
they are increafing in fize and drengtb, and in mature 
age they are continually aCting, and confequeruly con- 
tinually liable to wade and decay. They are often ex- 
pofed to accidents, which render them unfit for per- 
forming their various fun&ions ; and even when no 
fuch accident happens, it feems neceffary fi,r the health 
of the fydem that they fhould be every now and then 
renewed. Materials therefore mud be provided for re- 
pairing, increafing, or renewing all the various organs 
of the body. Phofphat of lime and gelatine for the 
bones, fibrina for the mufcles, albumen for the carti- 
lages and membranes, &c. Accordingly all thefe fub- 
dances are laid up in the blood ; and they are drawn 
from that fluid as from a florehoufe whenever they are 
requiied. The procefs by‘which the different parts of 
the blood are made part of the various organs of the 
body is called ajjiniihxt'wn. 

Over the nature of affimilation the thicked darknefs 
flill hangs ; there is no key to explain it, nothing to tun. 
lead us to the knowledge of the indruments employed. 
Fails, however, have been accumulated in fufficient 
numbers to put the exidence of the procefs beyond the 
reach of doubt. The healing, indeed, of every frailured 
bone, and every wound of the body, is a proof of its 
exidence, and an indance of its ailion. ^ 

Every organ employed in affimilation has a peculiar Every afli- 
office ; and it always performs this office whenever it dilating 
has materials to ait upon, even when the performance®1^” Pro‘ 
of it is contrary to the intered of the animal Thusa *’e” 
the domach always converts food into chyme, even change, 
when the food is of fuch a nature that the procefs of 
digedion will be retarded rather than promoted by the 
change. If warm milk, for indance, or wrarm blood, 
be thrown into the domach, they are always decompo- 
fed by that organ, and converted into chyme ; yet thefe 
fubdances are much more nearly affimilated to the ani- 
mal before the adlion of the domach than after it. The 
fame thing happens when we eat animal food. , 

On the other hand, a fubltance introduced into an or- ^ncj no 
gan employed in affimilatidn, if it has undergone pre-other 
cifely the change which that organ is fitted to produce,Mange- 
ls not adted upon by that organ, but paffed on unaltered 
to the next affimilating organ. Thus it is the office of 
the intedines to convert chyme into chyle. According- 
ly, whenever chyme is introduced into the intedines, 
they perform their office, and produce the ufual change; 
but if chyle itfelf be introduced into tue intedines, it is 
abforbed by the ladleals without alteration. The expe- 
riment, indeed, has not been tried with true chyle, be- 
caufe it is fcarce poffible to procure it in fufficient 
quantity ; but wffien milk, w’hich refembles chyle pretty 
accurately, is thrown into the jejunum, it is abforbed 
unchanged by the la&eals *. _ * Forfyeon 

Again, DigeJUon, p. 

Animal SUBSTANCES. 

(r) The Abbe Fontana alfo found, after walking in moid air for an hour or two, he returned home fome 
ounces heavier than he went out, notwithdanding he had fuffered confiderable evacuation from a brifle purge 
purpofely taken for the experiment. This increafe, indeed, might be partly accounted for by thfc abforption of 
moidure by his clothes. 
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Functions Again, the office of the blood veflcls, as affimilating 

>f Animals.Qr^ans> {3 to convert chyle into blood. Chyle, accord- 
v ingly, cannot be introduced into the arteries without 

undergoing that change ; but blood may be introduced 
from another animal without any injury, and confe- 
quently without undergoing any change. This expe- 
riment was firft made by Lower, and it has fince been 
very often repeated. 

Alfo, if a piece of frefh mufcular flefh be applied to 
the mufcle of an animal, they adhere and incorporate 
without any change, as has been fufficiently eitablifhed 
by the experiments of Mr J. Hunter. And Buvina 
has afcertained, that frtfh bone may, in the fame man- 
ner, be engrafted on the bones of animals of the fame 
or of different fpecics f. 

f Mag. vi. Jn fhort, it feems to hold, at leaft as far as experi- 
meuts have hitherto been made, that foreign fubftances 
may be incorporated with thofe of the body, provided 
they be precifely of the fame kind with thofe to which 
they are added, whether fluid or folid. Thus chyle 
may be mixed with chyle, blood with blood, mukle 
with mufcle, and bone with bone. The experiment 
has not been extended to the other animal fubftances, 

3^5 
Their 
power li- 
mited. 

the nerves, for inftance ; but it is extremely' probable 
that it would hold with refpedl to them alfo. 

On the other hand, when fubftances are introduced 
into any part of the body which are not the fame with 
that part, nor the fame with the fubftance upon which 
that part aff s; provided they cannot be thrown out 
readily, they deftroy the part, and perhaps even the ani- 
mal. Thus foreign fubftances introduced into the blood 
very foon prove fatal; and introduced into wounds of 
the flefh or bones, they prevent thefe parts from healing. 

Although the different-aflimilating organs have the 
power of changing certain fubftances into others, and 
of throwing out the ufelefs ingredients, yet this power 
is not abfolute, even when the fubftances on which they 
aft are proper for undergoing the change which the 
organs produce. Thus the ftomach converts food 
into chyme, the inteftines chyme into chyle, and the 
fubftances which have not been converted into chyle 
are thrown out of the body. If there happen to be 
prefent in the ftomach and inteftines any fubftance 
which, though incapable of undergoing the changes, at 
leaft, by the aftion of the ftomach and inteftines, yet 
has a ftrong affinity, either for the whole chyme and 
chyle, or for fome particular part of it, and no affinity 
for the fubftances which are thrown out, that fubftance 
paffes along with the chyle, and in many cafes con- 
tinues to remain chemically combined with the fubftance 
to which it is united in the ftomach, even after that 
fubftance has been completely affimilated, and made a 
part of the body of the animal. Thus there is a ftrong 
affinity between the colouring matter of madder and 
phofphat of lime. Accordingly, when madder is taken 
into the ftomach, it combines with the phofphat of 
lime of the food, pafies with it through the lafteals and 
blood veffels, and is depofited with it in the bones, as 
was proved by the experiments of Duhamel. In the 
fame manner mufk, indigo, &c. when taken into the 
ftomach, make their way into many of the fecretions. 

Thefe fa&s ffiew us, that affimilation is a chemical 
procefs from beginning to end ; that all the changes are 
produced according to the laws of chemiftry; and that 
we can even derange the regularity of the procefs by 

Suppt. Vox.. II. Part If. 
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introducing fubftances whofe mutual affinities are too Fun^ions 
ftrong for the organs to overcome. of Animals. 

It cannot be denied, then, that the affimilation of 
food confifts merely in a certain number of chemical Aflirniia- 
decompolitions which that food undergoes, and thedonache“ 
confequent formation of certain new compounds. But Pro' 
are the agents employed in affimilation merely chemical 
agents? We cannot produce any thing like thefe But the 
changes on the food out of the body, and therefore we agent not 
muft allow that they are the confequence of the aiftion c^em‘ca^‘ 
of the animal organs. But this action, it may be faid, 
is merely the fecretioil of particular juices, which have 
the property of inducing the wifhed-for change upon 
the food ; and this very change would be produced out 
of the body, provided we could procure thefe fubftances, 
and apply them in proper quantity to the food. If 
this fuppofition be true, the fpecific adfion of the veflels 
confifts in the feeretion of certain fubffances; conie- 
quently the cuule of this fecretion is the real agent in af- 
fimilation. Now, can the caufe of this fecretion be {hewn 
to be merely a chemical agent ? Certainly not. For in 
the ftomach, where only this lecretion can be fliewn to 
exift, it is not always the fame, but varies according to 
circumftances. Thus eagles at firft cannot digeft grain, 
but they may be brought to do it by perfifting in. ma- 
king them ufe it as food. On the contrary, a lamb 
cannot at firft digeft animal food, but habit will alfo 
give it this power. In this cale, it is evident that the 
gaftric juice changes according to circumftances. Now 
this is fo far from being a cafe of a chemical law, that 
it is abfolutely incompatible with every fuch law. The 
agent in affimilation, then, is not a chemical agent, but 
one which a£fs upon different principles. It is true, in- 
deed, that every ftep in the procefs is chemical; but the 
agent which regulates thefe chemical proceffes, which 
prevents them from acting, except in particular circum- 
ftances and on particular fubftances, and modifies this 
adlion according to circumftances, is not a mere chemical 
agent, but endowed with very different properties. 

The prefence and power of this agent will be ftill 
more evident, if we confider the immunity of the fto- 
mach of the living animal during the procefs of di- 
geftion. The ftomach of animals is as fit for food as 
any other iubftance. The gattric juice, therefore, muft 
have the fame power of adting on it, and of decompo- 
ffing it, that it has of acting on other fubftances ; yet it 
is well known that the ftomach is not affedted by di- 
geftion while the animal retains life ; though, as Mr 
Hunter afcertained, the very gaftric juice which the 
living ftomach fecrets often diflblves the ftomach itfelf 
after death. Now what is the power which prevents 
the gaftric juice from adting on the ftomach during 
life ? Certainly neither a chemical nor mechanical 
agent, for thefe agents muft ftill retain the fame power 
after death. We muft, then, of necelfity conclude, 
that there exifts in the animal an agent very different 
from chemical and mechanical powers, fince it controuls 
thefe powers according to its pieafure. Thefe powers 
therefore in the living body are merely the fervants of 
this fuperior agent, which diredfs them fo as to accom- 
plifh always one particular end. This agent feems to 
regulate the chemical powers, chiefly by bringing only 
certain fubftances together which are to be decompofed, 
and by keeping at a diftance thofe fubftances whick 
would interfere with, or diminifli, or fpoil the produdl, or 

4 H injure 
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Functions injure the organ. And we fee that this reparation is al- 
Animals. wayS attended to even when thefubftances are apparently 
  mixed together. For the very fame products are not 

obtained which would be obtained by mixing the fame 
fubftances together out of the body that are produced 
by mixing them in the body ; confequently all the fub- 
ftances are not left at full liberty to obey the laws of 
their mutual affinities. The fuperior agent, however, 
is not able to exercife an unlimited authority over the 
chemical powers ; fometimes they are too ftrong for it: 
fome fubftances accordingly, as madder, make their 
way into the fyftem ; while others, as arfenic, decom- 
pofe and deftroy the organs of the body themfelves. 

But it is not in digeftion alone that this fuperior 
agent makes the moil wonderful dilplay of its power ; 
it is in the laft part of affimilation that our admiration 
is moft powerfully excited. How comes it that the 
precife fubilances wanted are always carried to every 
organ of the body ? How comes it that fibrina is al- 
ways regularly depofited in the mufcles, arid phofphat 
of lime in the bones? And what is ftill more unac- 
countable, how comes it that prodigious quantities of 
fome one particular fubftance are formed and carried to 
a particular place in order to fupply new wants which 
did not before exiil ? A bone, for example, becomes 
difeafed and unfit for the ufe of the animal ; a new bone 
therefore is formed in its place, and the old one is car- 
ried off by the abforbents. In order to form this new 
bone, large quantities of phofphat of lime are depofited 
in a place where the fame quantity was not before ne- 
ceffary. Now, who informs this agent that an unufual 
quantity of phofphat of lime is neceffary, and that it 
mult be carried to that particular place ? Or granting, 
as is moft probable, that the phofphat of lime of the 
old bone is partly employed for this purpofe, who 
taught this agent that the old bone mult be carried off, 
new modelled, and depofited, and affimilated anew ? The 
fame wonders take place during the healing of every 
wound, and the renewing of every difeafed part. 

Thefe operations are incompatible with the fuppo- 
fition that the body of animals is a mere chemical 
and mechanical machine ; and demonftrate the prefence 
of fome agent befides, which ads according to very 
different laws. 

But neither in this cafe is the power of this agent 
' over the chemical agents, which are employed, abfolute. 

We may prevent a fradured bone from healing by gi- 
ving the patient large quantities of acids. And unlefs 
the materials for the new wanted fubftances be fupplied 
by the food, they cannot, in many cafes, be formed at 
all. Thus the canary bird cannot complete her eggs 
unlefs Ihe be furniffied with lime. 

It is evident that the fupreme agent of the animal 
body, whatever that agent may be, ads according to 
fixed laws ; and that when thefe laws are oppofed by 
thofe which are more powerful, it cannot overcome 
them. Thefe laws clearly indicate defign ; and the 
agent has the power of modifying them fomewhat ac- 
cording to circumftances. Thus more phofphat of lime 
is fent to a limb which requires a new bone, and more 
lime than ufual is taken into the fyftem when the hen 
is laying eggs. Defign and contingency are confidered 
by us as infallible marks of confcioufnefs and intelli- 
gence. That they are infallible marks of the agency 
of mind is certain : but that they are in all cafes the 
proofs of immediate confcioufuefs and intelligence, as 
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the Stahlians fuppofed, cannot be affirmed with outrun- Fundlions 
ning into inconfiftencies. For we ourfelves are notof Al!mial$» 
confeious of thofe operations which take place during, v L-f 

affimilation. 
To fay that a being can ad with defign without in- 

telligence, we allow to be a flat contradidion, becaufe. 
defign always implies intelligence. There muft there- 
fore be intelligence fomewhere. But may not tins in- 
telligence exift, not in the agent, but in the being who 
formed the agent ? and may not the whole of the de- 
fign belong in reality to that being? _ 368 

May not this agent, then, be material, and may not Nor mate- 
the whole of affimilation be performed by mere mat-rial, 
ter, ading according to laws given it by its maker ? 
We anfwer, that what is called matter, or the fubftances 
enumerated in the firft part of Chemistry (Suppl.) ad 
always according to certain attradions and repulfions, 
which are known by the name of mechanical and che- 
mical laws. 

The phenomena of affimilation are fo far from being, 
cafes of thefe laws, that they are abfolutely inconfiftent 
with them, and contrary to them ; confequently the 
agent which prefides over ajfimilation is not matter. 
Concerning the nature of this fubftance it is not the 
bufinefs of this article to inquire ; but as it poffeffes 
properties different from matter, and ads according to 
very different laws, it would be an abufe of terms to 
call it matter. 3^9 

We fhould give it the name of mind, were it not that 
metaphyficians have chofen to confider intelligence as PnBC1P 
the effence of mind ; whereas this fubftance may be 
conceived to ad, and really does ad, without infelli- 
gence. There is no reafon, however, to iuppofe, with 
fome, that there are two fubftances in animals : one pof- 
feffed of confcioufnefs as its effence, and therefore called 
mind or foul in man ; another, dellitute of confcioufnefs, 
called the living principle, &c. employed in performing 
the different fundions of affimilation, abforption, See. 
It is much more reafonable to fuppofe, that in every ani- 
mal and vegetable there is a peculiar fubftance, dif- 
ferent from matter, to which their peculiar properties 
are owing j that this fubftance is different in every 
fpecies of animal and vegetable ; that it is capable of 
ading according to certain fixed laws which have been 
impofed upon it by its Creator, and that thefe laws are 
of fuch a nature that it ads in fubfervience to a parti- 
cular end ; that this fubftance in plants is probably 
deftitute of intelligence ; that in man and other animals 
it poffeffes intelligence to a certain extent, but that this 
intelligence is not effential to its exiftence nor to its ac- 
tivity ; that it may be deprived of intelligence alto- 
gether, and afterwards recover it without altering its na- 
ture. Phyfiologifts have given it the name of living 
principle, becaufe its prefence con dilutes life. Perhaps 
it would be proper to diftinguilh that of animals by the 
name of animal principle. Upon what the intelligence 
of the animal principle depends, it is impoffible to fay ; 
but it is evidently conneded with the ftate of the brain. 
During a trance, or an apopledic fit, it has often been 
loft for a time, and afterwards recovered. 37°. 

17. Befides affimilation, the blood is alfo employed ‘-ecreucn 

in forming all the different fecretions which are neceffa- 
ry for the purpofes of the animal economy. Thefe 
have been enumerated in the laft chapter. The pro- 
cefs is fimilar to that of affimilation, and undoubtedly 
the agents in both cafes are the fame j but we are 

equally 
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Decompofi-equally Ignorant of the preclfe manner in which iecre- 
i.on of Ani tion is performed as we are of alumilation. 
naal Sub- jg^ After thefe fundtions have gone on for a certain 
ftancef' time," which is longer or fhorter according to the nature 

of the animal, the body gradually decays, at laft all its 
Animahat funaions ceafe completely, and the animal dies. 1 he 
length die, caufe 0f this mull appear very extraordinary, when we 
and why. confic|er the power which the animal has of renewing 

decayed parts ; for it cannot be doubted that deat i 
proceeds, in molt cafes at leait, from the body becoming 
incapable of performing its funaion. But if we con- 
fider that this power is limited, and that it mult ceaie 
altogether, when thofe parts of the fyftem begin to de- 
cay which are employed in preparing materials tor fu- 
ture affimilation, our furprife will, in tome meafure, 
ceafe. It is in thefe parts, in the organs ot digeltion 
and affimilation accordingly, that this decay ufually 
proves fatal. The decay in other parts dettroys hte 
only when the watte is fo rapid that it does not admit 
of repair. . r . 

What the reafon is that the decay of the organs 
caufes death, or, which is the fame thing, caufcs the 
living principle either to ceafe to aft, or to leave t ^ 
body" altogether, it is perfedly impofuble to fay, be- 
caufe we know too little of the nature of the living 
principle, and of the manner in which it is connected 
with the body. The laft is evidently above the human 
undemanding, but many of the properties of the living 
principle have been difcovered ; and were the tads al- 
ready known properly arranged, and fuch general con- 
clufions drawn from them as their connedion with each 
other fully warrant, a degree of light would be thrown 
upon the animal economy which thofe, who have not 
attended to the fubjed, are not aware of. 

No fooner is the animal dead, than the chemical and 
mechanical agents, which were formerly fervants, uturp 
the fupreme power, and foon decompofe and deftroy 
that very body which had been in a great mealure 
reared by their means. But the changes which take 
place upon animal bodies after death, are too/mportant, 
and too intimately conntded with the fubjed of t 
article to be paffed over {lightly. They {hall therefore 
form the fubjed of the next chapter. 

Chap. IV. 
OF 

I374 
Decompo- 
fition 9H 

Of the Decomposition 
mal Substances. 

All the foft and the liquid parts of animals, when expofed to a moderate tempetature of toy-five deg,«s 
)oiea to a muuciaiv.    .. v 

animal fub- or more, pafs with more or lefs rapidity through the 
fiances ex- following changes. Their colour becomes paler, and 
pofed to their confiftence diminiftes ; if it be a folid part, inch as 
the air. flefh it fofteTls, and a ferous matter fweats out, whole 

colour quickly changes; the texture of the part becomes 
relaxed, and its organization deftroyed; icaequn ts a am 
difaRreeable fmell; the fubftance gradually finks down, 
and is diminiihed in bulk ; its fmell becomes ftronger and 
ammoniacal. If the fubjed be contained m a dole veiiel, 
the progrefs of putreiadton, at this Rage, f^ms to 
flacken ; no other fmell but that ot a pungent alkali is 
perceived ; the matter effervefces with acids, and con- 
verts fyrup of violets to a green. But ir the communi- 
cation with the air be admitted, the urinous exhalation 
is diffipate'd, and a peculiar putrid fmell is tpread around 
with a kind of impetuofity; a fmelloi the moft iniup- 
portable kind, which lafts a long time, and pervades 
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every place, affeding the-bodies of living animals after 
the manner of a ferment, capable of altering the fluids. ma| gu^_ 
this fmell is correded, and as it were confined by am- ftancts. 
monia. When the latter is volatilized, the putrtfac-  * 
tive procefs becomes adtive a fecond time, and the tub- 
fiance fuddenly fwells up, becomes tilled with bubbles 
of air, and foon after fubfides again. Its coloui ciian- 
ges, the fibrous texture of the fleth being then fcarcely 
diftinguifhable ; and the whole is changed into a toft, 
brown, or greenifh matter, of the confiftence of a poul- 
tice, whole fmell is faint, naufeous, and very adive oa 
the bodies of animals. 1 he odorant principle gradually 
lofes its force ; the fluid portion of the flefh affumes a 
kind of confiftence, its colour becomes deeper, and it is 
finally reduced into a friable matter, rather deliqud- 
cent, which being rubbed between the fingers, breaks 
into a coarfe powder like earth. This is the laft Hate 
obferved in the putrefadion of animal fubftances; they 
do not arrive at this term but at the end of a comivLr- 
abletimef. . \ Fourtny, 

In carcafes buried in the earth, putrefadion takes 
place much more flowly ; but it is fcarcely pofiible to Buried in 
obferve its progrefs with accuracy. I he abdomen isc e eart 
gradually dilated with elaftic fluids which make their 
appearance in it, and at laft it burfts and diicharges a 
horribly fetid and noxious gas ; at the fame tune a 
dark coloured liquid flows out. If the earth be very 
dry, and the heat confiderable, the moifture is often ab- 
forbed fo rapidly, that the carcafe, inftead of putrefy- 
ing, dries, and is transformed into what is called a 
mummy. .... 1 r 

Such are the phenomena when dead bodies are When 
to putrefy feparately. But when great numbers ()f

togethert 
carcafes are crowded together in one place, and are to 
abundant as to exclude the aftion of external air, and 
other foreign agents, their decompoiition is entnely the 
confequence of the reciprocal a&ion of their ingre- 
dients themfelves upon each other, and the reiult is very 
different. The body is not entirely diflipated or con- 
verted into mould, but all the foft parts are found di- 
minithed remarkably in fize, and converted into a pecur 
Xm faponaceom matter. This Angular change was firft 
accurately obierved in the year 1786. . . Concerted 

The burial ground of the Innocents in Pans having 
become noxious to thofe who lived in its neigboui-naceou& 
hood, on account of the difagreeable and hurtful odour raatter. 
which it exhaled, it was found neceflary to remove the 
carcafes to another place. It had been ufual to dig 
verv large pits in that burial ground, and to fill them 
with the carcafes of the poorer fort of people, each in 
its proper bier; and when they were quite full, to cover 
them with about afoot depth of earth, and to dig^ano- 
ther fimilar pit, and. fill it in the fame manner. Bach pit 
held between 1000 and 1500 dead bodies. It was m re- 
moving the bodies from thefe pits that this faponaceoua 
fubftance was found. The grave-diggers had aicer- 
tained, by long experience, that about thirty years 
were required before all the bodies had undergone this 
change in its full extent*. Every part 6f the body ♦W** 
acquired the properties of this fubftance. I he in- 

Ani- 

Anr. de 
Chim. V. iwuuutu. m.-   ^ UDUtl 

ttftines and vilcera of the thorax had comphteiy dd'I-^, 
appeared ; but what is Angular enough, the brain had 
loft but little of its fize or appearance, though it was 
alio converted into the fame lubft nice. . r r Its proper* 

This faponaceous matter was of a white colour, ioit ^ 
and unduous to the touch, and melted, when heated, 

4 II 2 llke 



6t2 
Decompo- [{ke tallow. It exhibited all the properties of a foap, 

rimal°Sub* contai*ninS» however, an excefs of fatty matter. Four- 
ftances. croy, who analyfed it, found that it was compofed of a 

— \r—— fstty matter combined with ammonia, arid that it con- 
tained alfo fome phofphat of lime and ammonia. Di- 
luted acids decompofed it, and fe'parated the fatty mat- 
ter: alkalies and lime, on the other hand, drove off the 
ammonia. "When expofcd to the air, it gradually loft 
its white colour; the ammonia* in a great meafure, eva- 
porated, and what remained had fornething of the ap- 
pearance of wax. It abforbed water with great avi- 
dity, and did not part with it readily. Its white colour 
was owing to the prefence of that liquid. The 6ily 
matter, when feparated by means of a diluted acid, was 
concrete, and of a white colour, owing to the mixture 
©f a quantity of water. When dried, it acquires a 
greyilh brown colour, a lamellar and cryftalline texture, 
like that of fpermaceti; but if it has been rapidly dried 
it affumes the appearance of wax. It melts, when heat- 
ed, to 1269; when properly purified, by paffing it 
through a linen cloth while fluid, it has fcarcely any 
fmell. Alcohol docs not att upon it while cold, but 
at the temperature of 1 20° it diflblves it : when the fo- 

f Four troy, lution cools, the fatty matter precipitates, and forms a 
<dnn. dt gritty mafs. With alkalies it forms a foap ; and when 
Cbim. vin. fet on fire jt kurn8 precifely like oil or fat, only that it 

exhales a more unpleafant odour f. 
Produced Mr Smith Gibbes found the fame fubftance in the 
alfo in run- pit into which animal matters are thrown at Oxford af- 
»ing wa- 
ttf. 

Part II. 
ter difleftion. A fmall ftream of water conflantly paffes Decompo- 
through this pit; a circumftance which induced him torifio,) < f A. 
try whether animal mufcle expofed to the a&ion of ani™?1

r
Sul>* 

running ftream underwent the fame change. The expe- . 
riment fucceeded completely : he attempted, in confe- 
quence, to render this fubftance, to which he gave the 
name of fpermaceti, ufeful in thofe manufactures which 
required tallow ; but the fetid odour which it conftant- 
ly exhales was an infurmountable obje&ion. Attempts 
were indeed made to get over it ; but as we do not hear 
that Mr Smith Gibbes’s fpermaceti has been introduced 
into any manufadure, we have reafon to conclude that 
none of thefe attempts fucceeded { Phil. 

Such are the phenomena of putrefadion, as far as 79+ 
they are at prefent known to chemifts. Any attemptand I^9'5, 

to explain the manner in which thefe changes takeTheoryof 
place, would be exceedingly imperfed indeed ; not only putrefac- 
becaufe we are ignorant of the llrength of the affinitiestion im* 
of the different elementary parts of animal bodies forP6^6^’ 
each other, but becaufe we do not even know the man- 
her in which thefe elements are combined, and confe- 
quently we cannot know by what particular forces thefe 
compounds are deftroyed. We know only that a cer- 
tain degree of heat, and the prefence of moifture, are in 
all cafes neceffary for the putrefadive procefs ; for ani- 
mal bodies may be kept almoft any length of time, 
without decompofition, at the freezing temperatuse ; 
and when dried quickly, and kept in that ftate, they 
undergo no farther change. 

Animal SUBSTANCES 

Part III. Of DYEING 

TV^ankind have in all periods of fociety manifefted a 
fondnefs for beautiful and gaudy colours. Naked 

favages at firft applied them to their fkin. This was 
the cafe with the Britons, and with the Guals, too, in 
the time of Caefar ; it is even ftill the pradice in the 
South Sea iflands, and many parts of America. When 
mankind had advanced fo far towards civilization as to 
wear garments, they naturally transferred to them the 
colours which they admired. Hence the origin of dye- 
ing ; which is of fuch antiquity, that it precedes the 
earlieft records left us by profane authors. We fee from 
the book of Genefis the great progrefs which it had 
made in the time of the patriarchs. 

Origin of Dyeing feems to have originated in India, and to 
Eyeing. have fpread gradually from that country to the weft. 

The Indians were the inventors of the method of dye- 
ing cotton and linen, which was not underftood in Eu- 
rope before the conquefts of Alexander the Great. The 
Phenicians excelled in the art at a very early period. 
It was from them that the Jews purehafed all the dyed 
Huffs deferibed in Exodus. The Phenician dyers feem 
to have confined their art to wool: filk was unknown 
to them, and linen was ufually worn white. From 
them the art of dyeing paffed to the Greeks and Ro- 
mans. •* 

During the fifth century, the Weftern Empire was 
overturned by the northern nations, and with it the arts 
and fciences, which had flourifhed under the proteftion 
of the Romans, difappeared. A few of the arts, in- 
deed, were preferved in Italy, but they were obfeured 
and degraded. By degrees, however, a fpirit of in- 
duftry began to revive in that country. , Florence, Ge- 

noa, and Venice, becoming rich commercial cities, car- 
ried on a confiderable intercourfe with the Grecian em- 
pire, where many of the arts had been preferved. This 
intercourfe was much increafed by the crufades. The 
Italian cities became rich and powerful : the arts which 
diftinguifh civiheed nations were cultivated with emula- 
tion, and dyeing, among others, was rapidly improved. 

In the year 1429, the fiift treatife on dyeing made Its progrefs 
its appearance at Venice, under the name of Moriegola'in modern 
del arte de tentori. Giovanne Ventura Rofetta co^le£t-Eu^0Pc• 
ed, with great induftry, all the proceffes employed by 
the dyers of his time, and publifhed them in 1548, un- 
der the title of Plictho *. For many years dyeing was* BertboKtt 
almoll exclufively confined to Italy; but it gradually Dyeing, 
made its way to France, the Fow Countries, and to**21, 

Britain. i he minifter Colbert, who employed his ta- 
lents in extending the commerce and manufactures of 
France, paid particular attention to the art of dyeing. 
In the year 1672, he publiflied a table of inftrudtions, 
by which thole who pradtifed the art were laid under 
feveral very improper reftriftions. But the bad effects 
of thefe were in a good meafure obviated by the judici- 
ous appointment of men of fcience to fuperintend the 
art. Phis plan, begun by Colbert, was continued by 
the French government. Accordingly, Dufay, Hellot, 
Macquer, and Berthollet, fucceffively filled the office. 
It is to this-eftablifhment, and to exertions of the cele- 
brated chemifts who have filled it, that France is indebt- 
ed for the improvements fhe has made in the art of dye- 
ing during the courfe of the 18th century. Under the 
direction of Dufay, a new table of regulations was 
publifhed in 1737, which fuperfeded that of Colbert. 

Hellpt, 
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Subftances Hellot, his fucceObr, publifhed, in 1740, an excellent 
vfed for fyftem of dyeing wool ; and Macquer in 1763 publiih- 

Clothing. Jjjg treatife on dyeing filk. 
in Britain, though dyeing has been carried on for 

many years with great fuccefs, very little progrefs was 
made in inveftigating the theory of the art. The Royal 
Society, indeed, foon after its inilitution, recommend- 
ed it to feme of its members ; but as no treatife made 
its appearance in confequence of this, it feems very 
foon to have loft their attention. Lewis, many years 
after, publiftied fome very important remarks on dye- 
ing ; but they were confined to a few proceffes. The 
Britifh dyers fatisfied themfelves with a tranflation of 
Hellot. Such was the ftate of the art when the article 
Dyeing in the Encyclopedia was drawn up. It con- 
lifts chiefly of an abftratt of Hellot’s treatife. But 
within the laft 30 years, the attention of men of fcience 
has been very much turned to this complicated art. .In 
Sweden has appeared the treatife of Scheffer, and Berg- 
man’s notes on it; in Germany, the experiments of 
Beckmann, Poerner, and Vogler, and the differtation 
of Francheville ; in France, the treatifes of D’Ambour- 
nay, D’Apligny, Haulhnann, Chaptal, and, above ah, 
of Berthollet; in this country, the ingenious remarks of 
Delaval, of Plenry, and the valuable treatife of Dr Ban- 
croft ; befides many other important effays. 1 hefe, to- 
gether wuth the progrefs of the fcience of chemiftry, on 
which the theory of dyeing depends, have thrown fo 
much new light upon the art, that w-e find ourfelves un. 
der the necefiity of tracing the whole over again. We 
(hall pafs over, however, very flightly thofe parts of the 
art which have been fufficiently explained in the ar- 
ticle Dyeing, Encycl. 

To underftand the art of dyeing, we mull be ac- 
quainted with the fubjiames on w'hich it is praftded, 
with the nature of colour, and with the method of per- 
manently changing the colour of bodies. I hele three 
things we (hall confider in the three following chapters. 
In the firft, we lhall give an account of the fubftances 
of which garments are ufually made, with which alone 
the art of dyeing is concerned ; in the fecond, we (hall 
inquire into the nature of colour; and in the third, ex- 
plain the theory of dyeing, as far as it is at prefent un- 
derllood. In fome fubfequent chapters, we lhall give 
a general view of the proceffts by which the different 
colours are given to ftufts. 

Chap. I Of the Substances used for 
Clothing. 

Ckithinz The fubftances commonly employed for clothing may 
be reduced to four ; namely, woo!, Jtlk, cotton, linen. As 
there is no name in the Engliih language which in- 
cludes all thefe fubftances, we fhall take the liberty, in 
the remainder of this article, to ufe the word cloth for 
that purpofe. They are all made into cloth, of fome 
kind or other, before they can be ufeful as articles of 

■clothing. 
C fft f 1. Wool, as is well known, is the hair which cd- 
“wool 8 ° vers the bodies of fheep ; it differs from common hair 

merely in finenefs and foftnefs. Its filaments poflefs 
a confiderable degree of elafticity ; they may be drawn 
out beyond their ufual length, and afterwards recover 
their form when the external force is removed. The 
furface of wool and hair is by no means fmooth : No 
inequality, indeed, can be perceived by a roicrofcope j 

ufed for 
Clothing. 
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nor is any refiftance felt when a hair is laid hold of in Subftance* 
one hand, and drawn between the fingers of the other, "r*A fnr 

from the root towards the point; but if it be drawn 
from the point towards the root, a refiftance is felt which 
did not take place before, a tremulous motion is per- 
ceived, and a noife may be diftinguifhed by the ear. 
If, after laying hold of a hair between the thumb and 
fore finger, we rub them againft each other in the lon- 
gitudinal direction of the hair, it acquires a progreffive 
motion towards the root ; the point gradually approaches 
the fingers, while the root recedes from them ; fo that 
the whole hair very foon paffes through between the 
fingers. 

Thefe obfervations, firft made by Mr Monge, demon- 
ftrate that the furface of hair and wool is compofed, ei- 
ther of finall lamiiiie, placed over each other in a ftant- 
ing direction from the root towards the point, like the 
fcales of a fiih—or of zones, placed one above another, 
as takes place in the horns of animals *. * Ann.dt 

On this ftrudture of the filaments of hair and wool 
depend the effetts of felting and fulling. In both of^0°* 
thefe operations, the filaments are made, by an external 
force, to rub againft each other; the pofition of their 
afperities prevents them from moving, except in one di- 
rection : they are mutually entangled, and obliged to ap- 
proach nearer each other. Flence the thicknefs which 
cloth acquires in the fulling mill. T. he filaments have 
undergone a certain degree of felting, and are interwo- 
ven like the fibres of a hat. The cloth is contradled 
both in length and breadth : it may be cut without be- 
ing fubjeA to ravel; nor is there any neceflity for hem- 
ming the different pieces employed to make a garment. 
See Felting and Fulling in this Suppl. 

Wool is naturally covered with a kind or greafe, 
which preferves it from moths. This is always remo- 
ved before the wool is dyed ; becaufe its prefence is 
very prejudicial to the fuceefs cf that operation. The 
afperities of the furface of woolly fibres would impede 
the converting of it into thread by fpinning ; but they 
are in a great meafure covered, previous to that opera- 
tion, by foaking the wool with oil. The oil muft alfo 
be removed before the wool be dyed. This procefs is 
called Scouring, which fee in this Suppl. 

We have already, in the fecond part of this article, 
given an account of what is at preient known concern- 
ing the cumpofition of wool and hair. It would be fo- 
reign to the iubjeCl of this chapter, to defcribe the me- 
thod of fpinning and weaving wool. 

Wool is of different colours ; but that which is white 
is preferred for making cloth ; becauie it anfwers better 
for the purpofes of dyeing than any other kind. 

2. Silk is a fubftance fpun in fine threads by the 
ftih worm. Its fibres are not fcaly like thofe of wool ; 
neither have they the fame elafticity : but filk, in its 
natural ftate, before it has undergone any preparation, 
has a confiderable degree of ftiffnefs and elafticity. In 
this ftate it is known by the name of raw Jilk. It is 
covered with a kind of gummy varnifli, which may be 
removed by fcouring with foap. The fcouring deprives 
it of its ftiffnefs and elafticity. Raw filk is of a yellow 
colour, owing to yellow refinous matter with which it 
is naturally combined. We have given the method of 
feparating this matter, and alfo the gum, in the article 
Bleaching, Supplement. 

Silk, before it is dyed, is always freed from its gum,f 
and generally alfo from its refin. it may be dyed with- 0 aat 

383 
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Dyking SUBSTANCES. Part HI. 
out the application of heat; which is not the cafe wit he ottoii, and linen. The fifft two are animal fubftances; Colour 

the two lail vegetable. The animal contain much azot 'v—^ 

385 
Linen. 

^ Rozer. 

wool. 
3. Cotton is a fine downy fubftance, contained in 

the pods of different fpecies of gofiypium. The fpe 
cies from which the greater part of the cotton brought 
to this country is taken is the herbaceuin The quan- 
tity imported annually into Britain is very great-; in 

1 786'it amounted to 20 millions of pounds J. Cotton 
varies greatly, according to the plant on which it grows, 
and the climate where it is cultivated. The chief dif- 
ferences are in colour, and in the length, finenefs, and 
ftrength of the filaments. 

No afperities can be difeovered on the furface of 
thefe filaments ; but Levvenhoeck obferved, by means 
of a microfcope, that they are triangular, and have 
three (harp edges'. This is probably the reafon of a 
well known faft, that cotton cloth, when applied by 
wray of drefiing, always irritates a fore. 

Some cottons are naturally white; others a fine light 
yellow, as thofe of which nankeen is made ; but moll 
commonly cotton is of a dirty broWnifh yellow colour, 
which mull be removed before the Huff can be dyed. 
This is done by the procefs of bleaching. The fibres 
of cotton, even after being bleached, retain almolt al- 
ways fome lime and oxide of iron, which mull be re- 
moved before we attempt to dye the cotton ; becaufe 
their prefence wrould fpoil the colour. This is done by 
lleeping the cotton for fome time in water acidulated 
with fulphuric acid. 

Cotton, like filk, may be dyed without the afiillance 
of heat It is not nearly fo eafy to dye cotton any 
particular colour as it is to dye wool or filk. If wool 
and cotton be put into the fame dyeing velfel, the wool 
frequently acquires the wifhed-for colour before the 
cotton has loll any of its original whitenefs. 

4. Lint, from which linen is made, is the inner bark 
of the linum ujjilatijjimurn, or Jlax ; a plant too well 
known in this country to require any defeription. 

The flax, when ripe, is pulled and lleeped for fome 
days in water, in order to feparate the green coloured 
glutinous matter which adheres to the inner bark. This 
matter undergoesa degree of putrefaction ; carbonic acid 
gas and hydrogen "gas are difengaged * : it is decom- 
pofed, and carried off by the water. If the water, in 
which the flax is fteeped, be completely llagnant, the 
putrefaction is apt to go too far, and to injure the 
fibres of the lint ; but in a running llream, it does not 
go far enough, fo that the green matter Hill continues 
to adhere to the lint. Flax, therefore, fhould be lleep- 
ed in water neither completely flagnant, nor flowing 
too freely, like a running llream. 

The flax is afterwards fpread upon the grafs, and ex 

and hydrogen ; the vegetable much carbon : The ani- 
mal are readily dellroytd by acids and alkalies ; the ve- 
getable withiland the adlion of thefe fubllances better ; 
even nitric acid does not readily dellroy the texture of 
cotton, The animal fubllances are more eafily dyed 
than the vegetable, and the colours which they receive 
are more permanent than thofe given to cotton and li- 
nen by the fame proceffes. 

Such are the properties of the cloths on which the 
art of dyeing is exercifed. But what is the nature of 
thefe colours which it is the object of that art to com- 
municate ? We lhall examine this fubjedt in the follow- 
ing chapter. 

Chap. II Of Colours. 

All vifible obje&s, as has been long ago fufficiently 
ellablifhed, are feen by means of rays of light paffmg 
off from them in all diredtions, and partly entering the 
eye of the fpedlator. ^ 

1. For the theory of light and vifion we are indebt-c0|0ur 
ed to Sir Ifaac Newton. He firll demonllrated, that duced by 
light is compofed of feven rays, differing from each o- light, 
ther in refrangibility, and other properties. Each of 
thefe rays is dillinguilhed by its particular colour. Hence 
their names, red, orange, yellow, green, blue, indigo, 
violet. By mixing together thefe different rays, in va- 
rious proportions, all the colours known may be ob- 
tained. Thus red and yellow conllitute orange ; yel- 
low and blue conftitute green ; blue and red conftitute 
purple, violate, aurora, &c. according to their propor- 
tions. When all the rays are mixed together, they form 
a white. 387 

2. Bodies differ very much from each other in their 
power of refledling light. Some refledl it in vail quan- 
tity, as metals ; others refledl but little, as charcoal. 
In general, the fmoother the furface of a body is, the 
greater is the quantity of light which it refledts. Hence 
the effedt of polifhing in increafmg the brightnefs of 
bodies. But it is not in the quantity of the light re- 
fledted alone that bodies differ from each other ; they 
differ alfd in the quality of the light w7hich they reflect. 
Some bodies refledl one or more particular fpecies of 
ray to the exclufion of the relt. This is the reafon that 
they appear to us of different colours. Thofe bodies 
which refledl only red rays are red; thofe that refledl 
yellow rays are yellow ; thole that refledt all the rays 
equally are white ; thofe that refledl too little to affedt 
the eye are black. It is to the different combinations 
of rays refledled from the furface of bodies that all the 

pofed fot fome time to the air and fun : this improves .different {hades of colour are owing. _ _ 38S 
^ ” ’ 1 J - r. Colour, then, in opaque bodies, is owing to their dif- 

pofition to refieB certain rays of light, and to abjorb the coiour8< 

reft ; in transparent bodies, to their difpofition to tranf- 
mit certain rays, and to abforb the others. But this 
fubjedl has been difeuffed, at fufficient length, in the 
article Optics, Encycl. ; to which, therefore, we beg 
leave to refer the reader. Here we mean only to in- 
quire into the caufe of this difpofition of the particles of 
bodies. _ 389 

3. Sir Ifaac Newton, to whom we are indebted for Newtonian 
the exiftence of optics as a fcience, made a fet of expe-t; “’7 ^ 
riments to afeertain the changes of colour which thin 
plates of matter affume in cpnfequence of an iocreate or 

dimi- 

the colour of the lint, and renders the woody part fo 
brittle, that it is eafily feparated by the adlion of the 
lint mill. The fubfequent operations, of drejfing, /pin- 
ning, ’weaving, and bleaching, do not belong to this ar- 
ticle. 

The fibres of lint have very little elafticity. They 
appear to be quite fmooth ; for no afperities can be per- 
ceived by the microfcope, nor detedted by the feel; nor 
does linen irritate fores, as is the cafe with cotton. 

Linen may be dyed without the afliftance of heat; 
but it is more difficult to give it permanent colours 
than even cotton. 

Thus we have given a fhort defeription of wool, filk, 



uhap. IT* 
Colours. 

* tfewton 
Optics, 19 
Clarke's 
edition. 

diminution of their thicknefs. Thefe experiments were 
of a very delicate nature ; but Newton conduced them 
•with fo much addrefs, and varied and repeated them 
with fo much induilry, that he was enabled to render 
them furprifingly accurate. 

Upon a large double convex lens of a 50 feet focus, 
he placed the plane furface of a planoconvex lens, and 
preffed the lenfes (lowly together. A circle, of a par- 
ticular colour, appeared in the centre, where the two 
glaffes touched each other. This circle gradually in- 
creafcd in diameter as the preflure was augmented ; and 
at lad a new circle, of another colour, occupied the 
centre, while the firft colour affumed the form of a cn- 
cular ring. By increafing the predure, a new coloured 
circle appeared in the centre, and the diameter of the 
other two increafed. In this manner he proceeded, till he 
produced no lefs than 25 different coloured circular 
rings. Thefe he divided into feven orders, on account 
of the repetition of the fame colour. They were as 
follows, reckoning from the central colour, which was 
always black *. 

x. 1. Black, blue, white, yellow, i-ed. 
2. Violet, blue, green, yellow, red. 
3. Purple, blue, green yellow, red. 
4. Green, red. 

Greenifh blue, red. 
6. Greeniffi blue, pale red. 
7. Greenffh blue, reddifh white. 

Thefe different colours were occafioned by the thin 
film of air between the two glaffes. Now this film 
varies in thicknefs from the centre of the lens to- 
wards the circumference ; that part of it which caufes 
the black colour is thinned, and the other coloured 
circles are occafioned by air gradually inereafing in 
thicknefs. Newton meafured the relative thicknefs of 
the air which produced each of thefe coloured circles $ 
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From thefe experiments Sir Ifaac Newton concluded, Colours^ 

that the difpofition of the particles of bodies to refkdl 
or tranfmit particular rays depended upon their fize 
and their denfity : and he even attempted to alcertain 
the fize, or at lead the thicknefs, of the particles of 
bodies from their colours. Thus a particle of matter, 
whofe denfity is the fame with that of glafs which re- 
fledfs a green of the third order, is of the thicknefs of 

1 of an inch *. * Nezuton s Optus, is1’ 

■f Ibid, p. 
9i5« 
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and he found it as follows f : 
1. Black ... 1 

blue 
white ... 
yellow . . • V"? 
red ... 84 

2. Violet 
blue 
green 
yellow 
red 

3. Purple. . . 21 7. Gr. blue 
blue . . - 234 reddifh white 
The abfolute thicknefs of thefe films cannot be afcer- 

tained, unlefs the diftance between the two glades, at 
that part where the black fpot appears, were known. 
Now there is no method of meafuring this diftance ; 
but it certainly is not greater than the thoufandth part 
of an inch. 

He repeated thefe experiments with films of water, 
and even of glafs, indead of air ; and he found, that in 
thefe cafes the thicknefs of the films, reflecting any par- 
ticular colour, was diminifhed, and that this diminution 
was proportional to the denfity of the reflecting film. 
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In the year 1765, Mr Delaval publifhed, in the Phi- 

lofophical TranfaCtions, a very ingenious paper on the 
fame fubjeft. In this paper, he endeavours to prove, 
by experiment, that the colours of metallic bodies de- 
pend upon their denfity. He takes it for granted, at 
the fame time, that the fize of the particles of bodies 
is inverfely as the denfity of bodies. The denfed bo- 
dies, according to him, are red ; the next in denfity, 
orange ; the next, yellow ; and fo on, in the older of the 
refrangibility of the different rays. Some time aftci, 
the fame ingenious gentleman, in his Experimental In- 
quiry into the Caufe of the Permanent Colours oj Opaque 
Bodies, extended his views to animal and vegetable (ub- 
dances, and endeavoured to prove the. truth of New'- 
ton’s theory by a very great number of experiments. 

Such is a view of the opinion of Newton and Dela- 
val refpe&ing the caufe of bodies refle&ing or tranf- 
mitting particular rays of light, as far, at lead, as that 
theory relates to colour, They afcribed this caufe/o/r/y 
to the fize and the denfity of the particles of bodies. 

By particles, it is evident that nothing elfe can be 
meant than the integrant particles of bodies. Newton, 
-indeed, does not exprefs himfelf precifely in this lan- 
guage ; but it is plain that nothing elfe could be his 
meaning. Mr Delaval undoubtedly is of that opinion. 

According to the Newtonian theory of colour, then, 
it depends folely upon the fize of the integrant par- 
ticles of bodies whofe denfity is the fame ;, and upon- 
the fize and the denfity jointly of all bodies (t). 390 

It is evident that the truth of the Newtonian theoryExamined;. 
mud depend upon its coincidence with what adtually 
takes place in nature, and that therefore it can only be 
determined by experiment. Newton himfelf produced 
but very few experiments in fupport of it ; and though 
this deficiency was amply fupplied by Mr Delaval, it is 
needlefs for us to adduce any of thefe heie ; becaufe, 
from the prodigious accumulation of chemical lads 
fince thefe experiments w^ere made, the very balls upon 
which they dood has been dedroyed, and confequently 
all the evidence refulting from them has been annihila- 
ted. They proceeded on the fyppolition, that acids 
render the particles of bodies fmaller, and alkalies larger 
than they were before, without producing any other 
change whatever in the bodies on which they adl. To 
attempt a refutation of this opinion at prefent would be 
unneceffary, as it is well known not to be true. 

Let us therefore compare the Newtonian theory of 
colour with thofe chemical changes which we know for 
certain to alter the fize of the particles of bodies, in 
order to fee whether they coincide with it. If the 
theory be true, the two following confequences mult 

' hold 

(t) Newton, however, pointed out an exception to this law, concerning which Mr Delaval has been more ex* 
plicit. Combudible bodies do not follow that law, but fome other. Mr Delaval has fuppofcd, that this de* 
viation is owing to the prefence of phlogifton. 
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integrant particles of bodies mutt caufe thefe particles 
to allume a different colour. 2. Every fuch alteration 
muff correfpond precifely with the theory ; that is to 
fay, the new colour muff be the very colour, and no 
other, which the theory makes to refult from an increafe 
or diminution of lize. 

Now neither of thefe confequences holds in faft. 
We have no method indeed of al'certaining the fizes of 
the integrant particles of bodies, nor of meafuring the 
precife degree of augmentation or diminution which 
they fuffer ; but we can in many cafes afcertain, whe- 
ther any new matter has been added to a particle, or 
any matter abftradted from it } and confequently whe- 
ther it has been augmented or diminifhed ; which is 
fufficient for our prefent purpofe. 

For inltance, whatever be the fize of an integrant 
particle of gold, it cannot be denied that an integrant 
particle of oxide of gold is greater ; becaufe it contains 
an integrant particle of gold combined with at leaft one 
integrant particle of oxygen. Now the colour both of 
gold and of its oxide is yellow, which ought not to be 
the cafe, according to the Newtonian theory. In like 
manner, the amalgam of filver is white, precifely the 
colour of filver and of mercury ; yet an integrant par- 
ticle of the amalgam muff be larger than an integrant 
particle either of iilver or of mercury. Many other in- 
ftances betides thele will occur to every one, of changes 
in the fize of the particles taking place without any 
change of colour. All thefe are incompatible with the 
Newtonian theory. 

It may be laid, perhaps, in anfwer to this objection, 
that there are different orders of colours ; that the fame 
colour is refledfed by particles of different fizes ; and 
that the increai'ed particles, in the inttances above al- 
luded to, retain their former colour, becaufe the incre- 
ment has been precifely luch as to enable them to re- 
fledf the fame colour, in the next higher order. 

This very aufwer is a complete proof that the New- 
tonian theory is not fufficient to account for the co- 
lours of bodies ; for if particles of different fizes refledt 
the fame colour, Ji%e certainly is not the only caufe of 
this refledlion *. There muff be fome other caufe ve- 

'colaurs ry ^‘®ereilt from flze* Nor is this all; the moft com- 

^ Bancroft 
on Perma- 
nent 
f. 7. mon colour which remains after an increafe of the fize 

of the integrant particles of bodies is white ; yet white 
does not appear in any of the orders except the firft, 
and therefore its permanence cannot be accounted for 
by any fuppofition compatible with the Newtonian 
theory. 

Even when alterations in the colour of bodies accom- 
pany the increale or diminution of the fize of their par- 
ticles, thefe alterations feldom or never follow an or- 
der which correfponds with the theory. As for me- 
tals, it is felf-evident that their colour does not depend 
upon their denfity. Platinum is the denfeft body known, 
and yet it is not red, as it ought to be, but white like 
tin ; a metal which has little more than one third of the 
denfity of platinum. 

The green oxide of iron, when combined with pruffic 
acid, becomes white; yet the fize of its particles muff 
be increafed. Now this change of colour is incompa- 
tible with the theory ; for, according to it, every change 
from green to white ought to be accompanied by a di- 
minution inftead of an increafe of fize. A particle of 

Part HI 
indigo, which is naturally green, becomes blue by the Colour,, 
addition of oxygen, which muff increafe its fize. This —v-—' 
change is alfo incompatible with the theory. But it is 
unnecefiary to accumulate inttances, as they will natu- 
rally occur in fufficient number to every one. 

It follows irrefittibly from thefe fatffs, that the New- 
tonian theory is not fufficient to explain the caufe of 
colour ; or what caufes bodies to refle<ft or tranfmit cer- 
tain rays, and to abforb the rett. 

c\. We have endeavoured, in the article Ch em istry, Bodies owe 
Supfl. to (hew, that bodies have a particular affinity for their colour 
the rays of light ; and that the phenomena of light de- 
pend entirely upon thefe affinities. Indeed this confe-,jght! ^ 
quence follows from the properties of light eftablifhed 
by Newton himfelf. We fhall not repeat here the 
proofs upon which the exiftence of thefe affinities is 
founded: the reader may eafily latisfy himielf by con- 
fulting the article above referred to. 

Every coloured body, then, has a certain affinity fur 
fome of the rays of light. Thole rays for which it has 
a ftrong affinity are abforbed by it and retained, and 
the other rays for which it has no affinity are either re- 
fiedfed or tranfmitted, according to the nature of the 
body and the direction of the incident ray. Thus a 
red body has an affinity for all the rays except the red ; 
it abforbs therefore the other fix, and refledfs only the 
red : a green body abforbs all but the green rays, or 
perhaps the red and yellow: a black body has a ftrong 
affinity for all the rays, and therefore abforbs them all; 
while a white body, having no ftrong affinity for any of 
the rays, refle&s or tranfmits them all. 

If affinity, as we have endeavoured to fhew in the 
article Chemistry, Suppl. be an attraction of the'fame 
nature with gravitation, and increafing as the diftance 
diminifhes, it muff depend upon the nature of the at- 
tracting particles. Now the only differences which we 
can conceive to exift between the particles of bodies, are 
differences in yiW, in denjity, and in figure. Changes in 
thefe three things will account for il the varieties of 
affinity. Now if affinity depends upon thefe three 
things, and if colour depends upon the affinity between 
the particles of bodies and the different rays of lights 
as cannot be denied, it is clear that the caufe of the co- 
lour of bodies may be ultimately refolved into the fize, 
deufity, and figure of their particles. Newton’s theo- 
ry, then, was defedive, becaufe he omitted x\\tfgure of 
the particles, and aferibed the whole to variations inJiz,e 
and denfity. 

When we fay, then, that colour is owing to affinityt 
we do not contradiCl the opinion of Newton, as fome 
philofophers have fuppofed, but merely extend it: 
Newton was not mijlaken in faying, that colour depends 
upon the fize and the denfity of the particles of bodies ; 
his miftake lay in fuppofing that it depends upon thefe 
alone. _ _ .393 

5. Since the colour of bodies depends upon their af-Why bo- 
finity for light, and fince every body has a certain co-^^c^angc 

lour, becaufe it abforbs and retains particular rays while co" 
it tranfmits or refle&s the reft, it is evident that 
every body muft continue of its firft colour till one 
of two things happen ; either till it be faturated with 
the rays which it abforbs, and of courfe ceafe to abforb 
any more, or till its particles change their nature, by 
being either decompofed or combined with fome new 
fubftance. We have ao politive proof that the firft 

caufe 
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Colour*, caufe of change ever occurs, as many fubftances have 
—been expofed to the aftion of light for a very long 

time without any change of colour. The abforbed 
light feems to make its efcape, either in its own 
form, or in fome unknown or unfufpefted one. The 
fecond caufe of change is very common : indeed its 
aftion may be deteftcd in almoft every cafe of alter- 
ation in the colour of bodies. The green oxide ot iron, 
by combining with oxygen, becomes red ; and this red 
oxide, when combined with pruffic acid, aflumes a blue 
colour, and with gallic acid a black colour. The caufe 
of this change of colour, when the compoiition of a 
body changes, is obvious : every change of compofition 
mull alter the affinity, becaufe it mult of neceflity pro- 
duce changes' in the li/e, denfity, or figure of the par- 
ticles, or perhaps in all of thefe. Now if the affinity 
of a body for other bodies be altered, it is natural to 
fuppofe that it will be altered alfo for light. Accord- 
ingly this happens in mod inftances. It does not, how- 
ever, take place conftantly, for very obvious reafons. 
It may happen that the new denfity, fize, or figure of 
the altered body is fuch, as to render it dill proper for 
attracting the very fame rays of light which it formerly 
attrafted. Jult as iron, after being combined with a 
certain dofe of oxygen, is converted into green oxide, 
which ftill retains an affinity for oxygen. 

It is evident from all this, that in molt cafes the per- 
manence of colour in bodies wull depend upon the per- 
manence of their compofition, or on the degree of faci- 
lity with which they are adted upon by thofe bodies, to 

394 the agency of which they are expofed. 
Permanen- In dyeing, the permanence of colour is of very great 
cyof colour jmportance> q£ w}ia^ va[ue is the beauty of a colour, 

portanceTn provided that colour be fugitive or liable to change in- 
to fome other. In all cafes, therefore, it is of confe- 
quence to attend to the fubftances to which dyed cloth 
is expofed, and to afcertain their aCtion upon every par- 
ticular dyeing ingredient. Now the bodies to which 
dyed cloth is almoft conftantly expofed are air and light} 
the combined adlion of which has fo much influence, 
that very few dyes can refill it. 

It is evident that thofe fubftances cannot retain their 
colour, which have fuch an affinity for oxygen as enables 
them to take it from atmofpheric air. Thus the green 
colour of green oxide of iron and of indigo is not per- 
manent, becaufe thefe fubftances readily abforb oxygen 
from air. In order, then, that a colour can have any 
permanence, the coloured body mull not have fo great 
an affinity for oxygen as to be able to take it from air. 
Thofe bodies have in general the moft permanent co- 
lours which are already faturated with oxygen, and 
therefore not liable to abforb more. Such is the cafe 
with red oxide of iron. 

All coloured bodies are compounds; fome of thofe 
only excepted which ftill retain an affinity for oxygen. 
Coloured bodies, therefore, arecompofed of feveral ingre- 
dients ; and in every coloured body, at leaft fome of the 
ingredients have a ftrong affinity for oxygen. Now, 
before the colour of a body can be permanent, its in- 
gredients mull be combined together by fo ftrong affi- 
nities, that oxygen gas is unable to decompofe it by 
combining with one or more of its ingredients and car- 
rying it off. If this decompofition take place at once, 
it is impoffible for the colour of a body to have any 
permanence. If it takes place llowly, the colour of the 
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body gradually decays. The a&ion of oxygen gas up- 
on bodies is much increafed in particular circumftances. 
Almoft all coloured bodies are decompofed by oxygen 
gas by the affiftance of heat. Thus if wheat flour be 
expofed to the heat of 448°! it lofes its white colour, 
and becomes firft brown and then black. At this tem- 
perature it is decompofed, and a part, or even the whole 
of its hydrogen, combining with oxygen, flies off. Cloth 
is fcarcely ever expofed to fo high a temperature ; but 
there are other circumftances in which it may be placed 
which may have a fimilar effeft. Thus the action of 
light feems in fome fubftances to be fimilar to that of 
heat, and to facilitate the decompofition of the colour- 
ed matter by the combination of fome of its ingredients 
with oxygen *. 

Coloured bodies, in order to have permanent colours,0” r>y!,ng* 
muft not be liable to be decompofed by other fubftan-1, 4S' 
ces more than by oxygen. For inftance, if they con- 
tain oxygen and hydrogen, thefe two bodies muft not 
be liable to combine together and form water, nor mull 
oxygen and carbon be liable to combine and form car- 
bonic acid gas. Light feems to have a tendency to 
decompofe many bodies in this manner, and even to 
carry off oxygen from them in the form of oxygen gas. 
Thus it renders the nitrat of lilver black by carrying 
off part of its oxygen, and it reduces oxy-muriatic acid 
td'common muriatic acid by the fame means. 

Thefe are the caufes which induce a change in the 
colour of coloured bodies, as far as they have been tra- 
ced ; namely, the addition of oxygen, the abftradlion 
of oxygen, partial decompofition by fome one of their 
ingredients combining with oxygen, complete or partial 
decompolition by the ingredients entering into new 
combinations with each other. The coloured matters 
ufed in dyeing are very liable to thefe changes, becaufe 
they are in general animal or vegetable lubftances of a 
very compound nature. Of courfe their ingredients 
have often no very ftrong affinity for each other, and 
therefore are very liable to decompofition ; and every- 
one of the ingredients has in general a very itrong affi- 
nity for oxygen. This renders the choice of proper 
colouring matters for dyeing a very important point. 
In order to have permanency, they mull not be liable 
to the above changes, not to mention their being able 
alfo to withiland the a&ion of foap, acids, alkalies, and 
every other fubftance to which dyed cloth may be ex- 
pofed. 395 

It becomes therefore a point of fome confequence to Method of 
be able to afcertain whether cloth dyed of any particu- 
lar colour be permanently dyed or not. The proper me- 
thod of afeertaining this is by a&ually expofing fuchdyes< 
cloth to the fun and air ; becaufe as thefe are the agents 
to which it is to be expofed, and which have the moft 
powerful adlion, it is clear, that if it with Hand them, 
the colour muft be confidered as permanent. But this 
is a tedious procefs. Berthollet propofed expofing luch 
cloth to the a£lion of oxy-muriatic acid ; thofe colours 
that withftand it being confidered as permanent. This 
method anfwers in many cafes: but it is not always to 
be depended on ; for it deftroys fome permanent co- 
lours very fpeedily, and does not alter others which are 
very fading*. But we (hall have occafion to refume * JWro/S1, 
this fubjedl afterwards. 1 49- 

Dyers divide colours into two claffes ; namely, fimple D 

and compound. The fimple colours are thofe which colourSf 
a. I cannot 
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ctuinot be produced by tbe mixture of other colours. 
They are in number four. 

1. Blue, 3. Red, 
2, Yellow, 4. Black. 

Some add a fifth, brown'} but it may be produced by 
combining two others. 

The compound colours are thofe which are produ- 
ced by mixing together any two fimple colours in va- 
rious proportions. They conftitute all the colours ex- 
cept the four fimple and their various (hades. 

Thus we have examined the nature of colours ; but 
we have if ill to explain the method of giving permanent 
colours to cloth. This (hall be the fubjett of the next 
chapter. 

Chap. III. Of Dyeing in General. 

From the theory of colour laid down in the lad 
chapter, it follows, that permanent alterations in the co- 
lour of cloth can only be induced two ways ; either by 
producing a chemical change in the cloth, or by cover- 
ing its fibres with fome fubftance which. polfeiFes the 
wHhed-for colour. Recourfe can feldom or never be 
bad to the firft method, becaufe it is hardly poffible to 
produce a chemical change in the fibres of cloth with- 
out fpoiling its texture and rendering it ufelefs. The 
dyer, therefore, when he wifhes to give a new colour 
to cloth, has always recourfe to the fecond method. 

1. The fubilancesemployed for this purpofe are called 
colouring matters, or dyeJliiffs. They are for the mod 
part extracted from animal and vegetable Jubilances, and 
have ufually the .colour which they are intended to give 
to the cloth. Thus a blue colour is given to cloth by 
covering its fibres with indigo, a blue powder extra&ed 
from a (hrub; a red colour, by the colouring matter 
extra&ed by water from an infeft called cochineal, or 
from the root of a plant called madder. 

2. Mr Delaval has publifhed a very intereding fet of 
experiments on colouring matters in the fecond volume 
of the Mancheder Memoirs. He has proved, by a very 
numerous fet of experiments, that they are all tranfpa- 
rent, and that they do not rejleft any light, but only 
tranfmit it: For every colouring matter which he tried, 
even when dhfolved in a liquid, and forming a tranfpa- 
rent coloured folution, when feen merely by refleded 
light, was black, whatever was the colour of the mat- 
ter ; but when feen by tranfmitted light, it appeared of 
its natural colour *. This difcovery, which Mr Dela- 
val has edablilhed very completely, and to which, as far 
at lead as dye duffs are concerned, there are but few 
exceptions, is of very great importance to the art of 
dyeing, and explains feveral particulars which would 
otherwife be unintelligible. 

Since the particles of the colouring matter with which 
cloth, when dyed, is covered, are tranfparent, it follows, 
that all the light refle&ed from dyed cloth mud be re- 
fleded, not by the dye duff itfelf, but by the fibres of 
the cloth below the dye duff. The colour therefore 
does not depend upon the dye alone, but alfo upon the 
previous colour of the cloth. If the cloth be black, it 
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is clear that we canuot dye it any colour whatever ; be- Dyeing in 
caufe as no light in that cafe is refiedted, none can be General. 
tranfmitted, whatever dye duff we employ. If the  
cloth were red, or blue, or yellow, we could not dye it 
any colour except black ; becaufe as only red, or blue, 
or yellow rays were refleded, no other could be trar.f- 
mitted (x). Hence the importance of a fine white co- 
lour when cloth is to receive bright dyes : It then re- 
fleds all the rays in abundance : and therefore any co- 
lour may be given, by covering it with a dye duff which 
tranfmits only fome particular rays. ' . :J 

3. If the colouring matters were merely fpread overTheynuift 
the furface of the fibre of cloth by the dyer, the colours be combi- 
produced might be very bright, but they could not be^^h 
permanent; becaufe the colouring matter would be 
ry foon rubbed off, and would totally difappear when- 
ever the cloth was wadied, or even barely expofed to 
the weather. The colouring matter, then, however 
perfed a colour it poffeffes, is of no value, unlefs it alfo 
adheres fo firmly to the cloth, that none of the fub- 
dances ufually applied to cloth in order to clean it, &c. 
can difplace it. Now this can only happen when there 
is a drong affinity between the colouring matter and the 
cloth, and when they are adually combined together in 
confequence of that affinity. 40I 

4. Dyeing, then, is merely a cheoiical procefs, and Can only 
confids in combining a certain colouring matter with he aPPlie(l 
the fibres of cloth. This procefs can in no inllance be ^ate 

performed, unlefs the dye duff be fird reduced to its in- °lUUuIi* 
tegrant particles ; for the attraction of aggregation be- 
tween the particles of dye duffs is too great to be over- 
come by the affinity between them and cloth, unlefs ' 
they could be brought within much fmaller didances 
than is poffible, while they both remain in a folid form. 
It is necedary, therefore, previoully to diffolve the co- 
louring matter in fome liquid or other, which has a 
weaker affinity for it than the cloth has. When the 
cloth is dipped into this folution, the colouring matter, 
reduced by this contrivance to a liquid date, is brought 
within the attracting didance ; the cloth therefore aids 
upon it, and by its dronger affinity takes it from the 
folvent, and fixes it upon itfelf. By this contrivance, 
too, the equality of the colour is in fome meafure fecu- 
red, as every part of the cloth has an opportunity of at- 
tracting to itfelf the proper proportion of colouring 
particles. 

The facility with which cloth imbibes a dye, depends 
upon two things, namely, the affinity between the cloth 
and the dye duff, and the affinity between the dye duff 
and its folvent. It is direCtiy as the former, and in- 
verfely as the latter. It is of importance to preferve a 
due proportion between thefe two affinities, as upon 
that proportion much of the accuracy of dyeing de- 
pends. If the affinity between the colouring matter 
and the cloth be too great, compared with the affinity 
between the colouring matter and the folvent, the cloth 
will take the dye too rapidly, and it will be fcarce pof- 
fible to prevent its colour from being unequal. On 
the other hand, if the affinity between the colouring 
matter and the folvent be too great, compared with 

that 

(x) Thefe remarks hold only 
many inftances is not the cafe. 

on the fuppofition, that the whole of the furface is of the given colour, which ia 
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     take it very flowly and very faintly. 
Wool has the ftrongeft affinity for almoft all colour- 

ing matters, filk the next (Irongeft, cotton a conhder-- 
abiy weaker afiinity, and linen the weakeft affinity ot 
all. Therefore, in order to dye cotton or linen, the 
dye ftuffdhould in many cafes be dinolved in a fubftance 
for which it has a weaker affinity than for the folvent 
employed in the dyeing of wool or iilk. Thus we may 
ufe oxide of iron dilfolved in fulphuric acid, in ordet to 
dye wool ; but for cotton and linen, it is better to dd- 
folve it in acetous acid. 

_ r Were it poffible to procure a fufficient number ot 
NWants. colouring matters having a llrong affinity for cloth, to 

anfwer all the purpofes of dyeing, that art would be 
exceedingly iimple and eafy. But this is by no means 
the cafe : if we except indigo, the dyer is fcarcely pof- 
fefled of a dye iluff which yields of itfelf a good colour 
fufficiently permanent to deferve the name of a dye. 

This difficulty, which at firft fight appears infur- 
mountable, has been obviated by a very ingenious con- 
trivance. Some fubftance is pitched upon which has a 
ftrong affinity both for the cloth and the colouring mat- 
ter. This fubftance is previoufly combined with the 
cloth, which is then dipped into the lolution containing 
the dye ftuff. The dye fluff combines with the inter- 
mediate fubftance ; which, being firmly combined with 
the cloth, fecures the permanence of the dye. Sub- 
ftances employed for this purpofe are denominated tnot - 
dants (y). . . . 

The moft important part of dyemg is undoubtedly 
the proper choice and the proper application of moi- 
dants, as upon them the permanence of almoft every 
dye depends. Every thing which has been faid relpeift- 
ing the application ot colouring matters, applies equally 
to the application of mordants. They muft be previ- 

- oufly diffolved in fome liquid, which has a weaker affi- 
nity for them than the cloth has to which they are to 
be applied; and the cloth muft be dipped, or even fteep- 
ed, in this folution, in order to fatuvate itfelf with the 
mordant. 

Almoft the only fubftances ufed as rpordants are, 
earths, metallic oxides, tan, and oil. 

«6. Of earthy mordants, by far the moft: important 
mordants, and moft generally ufed is alumina. It was ufed as a 

mordant in very early ages, and feems indeed to have 
been the very firft fubftance employed for that pur- 
pofe. Alumina has a very ftrong affinity for wool and 
for filk ; but its affinity for cotton and linen is a good 
deal weaker. 

It is ufed as a mordant in two ftates ; either in the 
Hate of alum, in which it is combined with fulphuric 
acid and a little potafs ; or in the ftate of acetite ol alu- 
mina, in which it is combined with acetous acid. 

Alum was employed as a mordant very early. The 
ancients, indeed, do not feem to have been generally ac- 
quainted with pure alum ; they ufed it in that ftate of 
impurity in which it is found native ; of courfe it was 
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ufed in dyeing long before the nature of its ingredients Dyeing in 
was underftood, and therefore long before the part General-. 
which it ads was fufpefted. Indeed, it is but a very 
ffiort time fince the office which mordants perform was 
fufpe&ed : the firft perfon that hit upon it was Mr 
Keir ; he gave an account of tbe real ufe of mordants 
in his tranllation of Macquer’s Dictionary, publiihed in 

4 * Macqver% 

Alum, when ufed as a mordant, is diffolved in water, F-ai5- 
and very frequently a quantity of tartar is diffolved a- 
long with it. Into this folution the cloth is put and 
kept in it till it has abforbed as much alumina as is ne- 
ceffary. It is then taken out, and for the molt part 
waflied and dried. It is now a good deal heavier than 
it was before, owing to the alumina which has combined 
with it. The tartar ferves two purpofes: the potafs 
which it contains combines with the fulphuric acid of 
the alum, and thus prevents that very corrofive futr- . 
ffance from injuring the texture of the cloth, which 
otherwife might happen ; the tartarous acid, on the 
other hand, combines with part of the alumina, and 
forms a tartrite of alumina, which is rrusre eafily decom- 
pofed by the cloth than alum. ^ ^ 

Acetite of alumina has been introduced into dyeing 
fince the commencement of the 18th century ; and, 
like many other very important improvements, vye are 
indebted for it to the ignorance of the calico printers, 
who firft introduced it. As they did not underftaud 
the nature nor ufe of the mordants which they em- 
ployed, they were accuftomed to mix with their alum 
an immenfe farrago of fubftances, a great proportion of 
which are injurious inftead of being of fervice. Some 
one or other had mixed with alum acetite of lead the 
good effeds of this mixture would be foon perceived ; 
the quantity of acetite was gradually increafed, and the 
other ingredients omitted*. fthis mordant is now # 
prepared, by pouring acetite of lead into a folution ofp. 176. 
alum : a double decompolition takes place, the fulphu- 
ric acid combines with the lead, and the compound pre- 

.cipitates in the form of an infoluble powder ; while the 
alumina combines with the acetous acid, and remains 
diffolved in the liquid. This mordant is employed for 
cotton and linen, which have a weaker affinity than 
wool for alumina. It anfwers much better than alum, 
the cloth is more eafily faturated with alumina, and 
takes, in confequence, both a richer and a more per- 
manent colour. 

Befides alumina, lime is fometimes ufed as a mordant. 
Cloth has a ftrong enough affinity for it; but in gene- 
ral it does not anfwer fo well, as it does not give fa 
good a colour. When uled, it is either in the Hate 
of lime-water or of fulphat of lime diffolved in water. 404 

7. Almoft all the metallic oxides have an affinity for Metallic 
cloth ; but only two of them are extenfively ufed as m0ldantSi 
mordants, namely, the oxides of tin and of iron. 

The oxide of tin was firft introduced into dyeing by 
Kufter (z), a German chemift, who brought the fecret 
to London in 1543. This period forms an era ia the 
hiftory of dyeing. The oxide of tin has enabled the 

4 I 2 moderns 
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fYj This term, impofed by the French dyers before the aftion of mordants was underftood, fignifies bitters or 
eorrollers. Thefe bodies were fyppofed to aft merely by corroding the cloth. Mr Henry of Manchcfter has pro- 
pofed to fubftitute the word bajis for mordant ; but that word is too general to anfwer the purpofe well ^ 

(z) Mr Delaval has fuppofed, that the Tyrians were acquainted with the ufe of tin in dyeing, and Mr Hen- 
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of all^colours, is produced. The method of producing 
the celebrated purple dye of the ancients is underftood 
at prefent, and the {hell fifh which yield the dye-ftuff 
are found abundantly on the coalts of Britain and 
France ; but no perfon thinks now of putting the an- 
cient mode in practice, becaule infinitely more beauti- 
ful colours can be produced at a fmaller price. Much 
of this fuperiority is owing to the employment of the 
oxide of tin. 

Tin, as Prouft has proved, is capable of two degrees 
of oxydation : The firft oxide is compofed of 0.70 parts 
of tin, and 0.30 of oxygen ; the fecond, or white oxide, 

°'^0 Parts t*n’ anc* c*4° °xygen *. The firft ' ’oxide abforbs oxygen with very great facility even from 
the air, and is rapidly converted into white oxide. This 
fad makes it certain, that it is the white oxide of tin 
alone which is the real mordant : even if the other oxide 
were applied to cloth, as it probably often is, it muft 
foon be converted into white oxide, by abforbing oxy- 
gen from the atmofphere. 

Tin is ufed as a mordant in three ftates; diflblved in 
nitro muriatic acid, in acetous acid, and in a mixture of 
fulphuric and muriatic-acids. Nitro-muriat of tin is 
the common mordant employed by dyers. They pre- 
pare it by difiblving tin in diluted nitric acid, to which 
a certain proportion of muriat of foda, or of ammonia, 
is added. Part of the nitric acid decompofes thefe falls, 
combines with their bafe, and fets the muriatic acid at 
liberty. They prepared it at firlt with nitric acid 
alone ; but that mode was very defe&ive ; becaufe the 
nitric acid very readily converts tin to white oxide, and 
then is incapable of diffolving it. The confequence of 
which was, the precipitation of the whole of the tin. 
To remedy this defedt, common fait, or fal-ammoniac, 
was very foon added, muriatic acid having the proper- 
ty of difiblving white oxide of tin very readily. A con- 
fiderable faving of nitric acid might be obtained, by 
employing as much fulphuric acid as is juft fufficient 
to faturftte the bafe of the common fait, or fal-ammo- 
niac, employed. 

When the nitro-muriat of tin is to be ufed as a mor- 
dant, it is diflblved in a large quantity of water, and 
the cloth is dipped in the folution, and allowed to remain 
till fufficiently faturated. It is then taken out, and 
waftied and dried. Tartar is ufually diflblved in the 
water along with the nitro-muriat. The confequence 
of this is a double decompolition ; the nitro muriatic 
acid combines with the potafs of the tartar, while the 
tartarous acid difiblves the oxide of tin. When tartar 

„ is ufed, therefore, in any confiderable quantity, the 
mordant is not a nitro-muriat, but a tartrite of tin. 

Mr Hauffman, to whom the art of dyeing lies under 
numerous obligations, haspropofed to fubftitute acetite 
of tin for nitro-muriat as a mordant for cotton and li- 
nen. It may be prepared by mixing together acetite 
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of lead and nitro-muriat of tin. This mordant is pre- Dyeing in 
ferable for thefe fluffs ; becaufe it is much more eafily General, 
decompofed than the nitro-muriat j*. v- J 

Dr Bancroft has propofed to fubftitute a folution of 
tin in a mixture of fulphuric and muriatic acid, inftead 15. 
of nitrio-muriat of tin, as a mordant for wool. This 
mordant, he informs us, is much cheaper, and equally 
efficacious. It may be prepared by diffolving fome- 
what lefs than one part of tin in two parts of fulphuric 
and three of muriatic acid, at the degree of concentra- 
tion at which they are commonly fold in this country Bancroft, 
This mordant, like the others, muft be diflblved in aP- 29°* 
fufficient quantity of water, in order to be ufed. 

Iron, like tin, is capable of two degrees of oxyda- 
tion ; but the green oxide abforbs oxygen fo readily 
from the atmofphere, that it is very foon converted in- 
to the red oxide. It is only this laft oxide which is 
really ufed as a mordant in dyeing. The green oxide is 
indeed fometimes applied to cloth ; but it very foon ab- 
forbs oxygen, and is converted into the red oxide. This 
oxide has a very ftrong affinity for all kinds of cloth, 
i'he permanency of the iron fpots on linen and cotton 
is a fuffieient proof of this. As a mordant, it is ufed 
in two ftates ; in that of fulphat of iron, and acetite of 
iron. 'I he firft is commonly ufed for w ool. The fait 
is diflblved in wrater, and the cloth dipped in it. It 
may be ufed alfo for cotton ; but in moft cafes acetite 
of iron is preferred. It is prepared by diflblving iron, 
or its oxide, in vinegar, four beer, &c. and the longer 
it is kept, the more is it preferred. The reafon is, that 
this mordant fucceeds belt when the iron is in the ftate- 
of red oxide. It would be better then to oxydate the 
iron, or convert it into ruft, before ufing it ; wffiich 
might eafily be done, by keeping it for fome time in a 
moift place, and fprinkling it occafionally with water. 
Of late, pyrolignous acid has been introduced inftead 
of acetous. It is obtained by diftilling wood or tar. 

8. Tan, which has been already deforibed in the firft Ta
4
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part of this article, has a very ftrong affinity for cloth, 
aad for feveral colouring matters, it is therefore very 
frequently employed as a mordant. An infufion of nut 
gal/s, or offumach (a), or any other fubftance contain- 
ing tan, is made in water, and the cloth is dipped in this 
infufion, and allowed to remain till it has abforbed a 
fufficient quantity of tan. Silk is capable of abforbing 
a very great proportion of tan, and by that means ac- 
quires a very great increafe of weight. Manufacturers 
fometimes employ this method of increafing the weight 
of filk *. t 

Tanisoftenemployed alfo, along with other mordants,10~ 
in order to produce a compound mordant. Oil is alfo 
ufed for the fame purpofe in the dyeing of cotton and 
linen. The mordants, with wffiich tan moft frequently 
is combined, are alumina and oxide of iron. 406 

Befides thefe mordants, there are feveral other fub-Other mer- 
fiances frequently ufed as auxiliaries, either to facilitate^ant?• 
the combination of the mordant wdth the cloth, or to 

alter 

Dyeing SUBSTANCES. 

ry has declared himfclf of the fame opinion. But this reafoning, as Dr Bancroft has (hewn, proceeds upon a 
mittake. Me luppofes that tin is necejfary for the produdion of red colours. 

(a) Sumach is the rhut coriaria ; a fhrub which is cultivated in the fouthern parts of Europe. Its ffioots are 
dried, afterwards ground to powder j in which ftate they are fold to the dyer and tanner. 
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tar, acetite of lead, common fait, fal ammoniac, fulphat or 
acetite of copper, &e. , 

o. Mordants not only render the dye permanent, 
but have alfo coniiderable influence on the colour pro- 
duced. The fame colouring matter produces very dif- 
ferent dyes, according as the mordant is changed. Sup- 
pofe, for inftance, that the colouring matter be cochi- 
neal ; if we ufe the aluminous mordant, the cloth wu 
acquire a crimfon colour ; but the oxide of iron pro- 
duces with it a black. Thefe changes, indeed, might 
naturally have been expe&ed : for fince the colour ot 
a dye Huff deoends upon its affinity for light, every 
new combination into which it enters, having a_tenden- 
cy to alter thefe affinities, will naturally give it a new 
colour. Now, in all cafes, the colouring matter and 
mordant combine together: the colour of the clot , 
then, muff be chat which the particles of the dye and 
of the mordant, when thus combined together, exhibit. 
Indeed fome mordants may be confidered in the light 
of colouring matters alfo, as they always communicate 
a particular colour to cloth. Thus, iron communicates 
a brown colour, and iron and tan together conffitute a 
black dye. 

In dyeing, then, it is not only neceffary to procure 
a mordant, which has a Efficiently ftrong affinity for 
the colouring matter and the cloth, and a colouring 
matter which poffeffes the wiffied for colour in perfec- 
tion, we muff procure a mordant and a colouring mat- 
ter ’of fuch a nature, that when combined together 
they fhall poffefs the wiflied-for colour in perfeaion. 
It is evident, too, that a great variety of colours may 
be produced with a fingle dye-ffuff, provided we can 
change the mordant Efficiently. 

10. Every thing which tends to weaken the affinity 
between the mordant and the cloth, or between the 
mordant and the colouring matter, and every thing 
which tends in any way to alter the nature of the mor- 
dant, muff injure the permanency of the dy e : becaufe, 
whenever the mordant is deftroyed, there is no longer 
any thing to caufe the dye fluff to adhere ; and when 
its nature is altered, the colour of the dye muff alter at 
the fame time. All the obfervations, then, which were 
made in the laft chapter, concerning the nature of co- 
louring matters, and the changes to which they are 
fubjeft, apply equally to mordants. Thele Ebftances, 
indeed, are fcarcely liable themfelves to any alteration. 
They are of a much more Ample nature, in general, 
than dye fluffs ; and therefore not nearly fo liable to 
decompofition. But when the colouring matter itfeif 
is altered, it comes to the fame thing. Its affinity for 
the mordant being now deftroyed, there is nothing to 
retain it. 

As the permanency of a dye depends upon the de- 
gree of affinity' between the mordant and the colouring 
matter, it is clear that the dye may want permanency, 
even though it refift the oxy muriatic acid, and all the 
other faline tefts propofed by chemifts. Thefe Eb- 
flances may happen to have very little aftion on the 
dye-ftuff, and therefore may not affe& it; yet it may 
foon difappear, in confequence of its want of affinity for 
the mordant. 

ix. The colouring matter with which cloth is dyed, 
does not cover every portion of its furface ; its particles 
attach themfelves to the doth at certain diftances from 
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the fame colour, lighter or darker, merely by vaiying . — i 
the quantity of colouring matter. ith a fmall quan- 
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tity, the fhade is light; and it becomes deeper as the Dye huffs 
quantity increafes. Now this would be impoffible, 
the dye-ftuff covered the whole of the cloth. _Newton wh0ie fur. 
has demonftrated, that colours are renaered faint when face Qf 
the rays of light which occahon them are mixed with cloth, 
white ray s. Confequently, from_cloth dyed of a light 
{hade, a confiderable quantity of white rays paffes off 
unchanged : but this could not be the cafe if the Huff 
were covered with coloured matter ; becaufe all the 
white rays would be decompofed as they pais through 
the coloured matter. Therefore, in light {hades, the 
colouring matter does not cover the cloth; its particles 
adhere to it, at a certain diffance from each other, and 
from every part of the cloth wnich is uncovered, the 
white rays pafs off unchanged. Even when the (hade of 
colour is as deep as poffible, the colouring particles do 
not cover the whole of the cloth, but are at a certain 
diflance from each other. This diffance, undouotedly, 
is diminiftied in proportion to the deepnefs of the fhade r 
for the deeper the {hade, the fmaller is the numbei or 
white ray's which efcape undecompofed; toe more, 
therefore, of the Erface is covered, and, confequently', 
the fmaller is the diftaqce at which each each of them 
is placed. A fliade may be even conceived fo very deep, 
that not a particle of white light efcapes the action of 
the colouring matter ; in which cafe, the diffance be- 
tween the particles qf colouring matter could not ex- 
ceed double that diftance at which a particle of matter 
is able to aft upon light. # ComSmd 

That the particles of colouring matter, even when the 
{hade is deep, are at fome diffance, is evident from this 
well-known fa&, that cloth may be dyed two colours at 
the fame time. All thofe colours, to which the dyers give 
the name of compound, are in fa£t tw'o diilcient colours ap- 
plied to the cloth at once. Thus cloth gets a green colour, 
by being firft dyed blue and then yellow. I he rays of 
light that pafs from green cloth thus dyed are blue and 
yellow ; by the mixture of which it is well known that 
green is produced. In this cafe, it is clear, that 
of the colouring matters performs the very fame office 
as if it were alone ; and that the new colour is not pro- 
duced by the combination of the two colouring mat- 
ters. That part of the white light, reflected from the 
cloth, which paffes through the blue colouring matter, 
is decompofed, and the blue rays only tranfmitted; and 
that part of the white light which paffes through the 
yellow colouring matter is alfo decompofed, and only 
the yellow rays tranfmitted. It is clear, therefore, that 
both of the colouring matters equally cover the naked 
fibres of the cloth ; confequently the one muff be pla- 
ced in the intervals of the other : wherefore the par- 
ticles of each of the colouring matters are at fome di- 
ftance. Now the fame effedt happens how' deep foever 
the ffiade be ; and it makes no difference which of 
the two dyes be firft given. Nay, if one of the dyes 
have a ftrong affinity for the cloth, and the other only 
a weak affinity, the latter will foon difappear, and leave 
the cloth of the colour which the firft dye gives it. 

The difference, then, in the {hade of colour, and alfo 
the compound colours which cloth may receive, depend 
entirely upon the diftance between the particles of the 
colouring matters attached to the. cloth, and the poffibi- 

r 
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lity of pUrtly filling up tlie intervals, either with the 
fame colouring matter, or with a different one. 

Thus we have taken a view of the theory of dyeing, 
as far, at lead, as it is at prefent underftood. It re- 
mains for us flill to give an account of the particular 
manner by which each of the colours is imparted to 
cloth. This (hall be the fubjedl of the three following 
chapters. In theyfVy?, we fhall treat oft he manner of 
dyeing the Ample colours ; in the fecond, of dyeing the 
compound colours ; and in the third, of dyeing cloth 
partially feveral different colours at.the fame time, or 
of that branch ot the art of dyeing which is known in 
this country by the name of calico printing. 

A 
Blue dyes 

4ia 
Woad. 

4*3 
Indigo, 

4X4 
How pre- 
pared. 

tv ft - — Part III Dr Roxbourgh, who firfl drew the attention of ma- Blue, 
nufa&urers to the neriutn tindtorium, a tree very com-!> y—-«■ 
mon in Indoftan, from the leaves of which indigo may 
be extracted with much advantage, has given a much 
fhorter method of obtaining that pigment. The leaves 
are kept in a copper full of water, fupported at the 
temperature of t6o°, till they affume a yellowifh hue, 
and the liquid acquire a deep green colour. The li- 
quid is then to be drawn off, agitated in the ufual man- 
ner, till the blue flocculae appear; and then the indigo 
is to be precipitated with lime water*. # j^an * 

1 his procefs, which fucceeds equally well with then 423. * 
indigofera, fhews us that the plants, from which indigo 
may be extrafted, contain a peculiar green pollen, lo- 
luble in water. The intention, both of the fermenta- 
tion of the common method, and of the fcalding, ac- 
cording to Dr Roxbourgh's method, is merely to ex- 
trail this pollen. .Mr Hauffman firfl: fhewed, that this 
green bafis of indigo has a flrong affinity for oxyen ; 
and the fubfequent experiments of Drs Roxbourgh and 
Lancroft have confirmed his obfervations, and put them 
beyond the reach of doubt. It gradually attrafts oxy- 
gen from the air; in confequence of which it acquires 
a blue colour, and becomes infoluble in water. The 
agitation is intended to facilitate this abforption, by 
expofing a greater furface to the a&ion of the air. The 

but thefe attempts have lime water, by abforbing a quantity of carbonic acid, 
with which the green pollen feems to be combined, 
greatly facilitates the feparation of the indigo. 

-The method of preparing indigo, and of applying it 
to the purpofes of dyeing, feems to have been very 
early known in India. But in Europe, though it had 
been occafionally ufed as a paint *, its importance as a* 
dye fluff was not underftood before the middle of the 1. 35. c.’<£ 
16th century. It is not even mentioned in the Plictho, 
which was publifhed in 1548. At that period, then, 
the ufe of indigo muft have been unknown to the Ita- 
lian dyers. The Dutch were the people who firft im- 
ported it from India, and made its importance known 
in Europe. It was afterwards cultivated in Mexico 
and the Weft Indies with fuch fuccefs, that the indigo 
from thefe countries was preferred to every other. In 
corlfequence of this preference, they fupplied almoft 
the whole of the European market. But within thefe 
few yeats, the Eaft Indian indigo, owing entirely to 
the enlightened exertions of fome of our own country- 
men, has recovered its charadler, and is now imported, 
in very confiderable quantities, into Britain. 

The indigo of bommeree has different fhades of co- 
lour, according to the manner in which it has been pre- 
pared, and the proportion of foreign fubftances with 
which it is mixed. 1 he principal fhades are copper 
colour, violet, and blue. Bhat indigo, which has 
the fmalleft fpecific gravity, is always moft efteemed ; 

ttavca» U1C U4U1U> I10w 01 a .green colour, is decanted becaufe it is moft free from impurities. Bergman + 
into large flat veffels, where it is conftantly agitated till found the pureft indigo of commerce which 1/e could 
blue flocculae begin to make their appearance. Lime procure, compofed of 
water is now poured in, which caufes the blue flocks to 47 pure indio-0, 
precipitate. . The colourlefs liquid is decanted off, and 12 gum, & 

the blue fediment poured into linen bags. When the 6 refin, 
water has drained from it fufficiently, it is formed into 22 earth, 
imall lumps, and dried in the fliade. In this ftate it 115 oxide’of iron, 
is fold to the dyer under the name of indigo. j 

—-    Pure 

Chab. IV. Of Dyeing Simple Colours. 

The colours denominated by dyers fimple, becaufe 
they are the foundation of all their Other proceffes, are 
four p namely, \Jl, blue;—2t/, yellow; — ^d, red;  
Qih, black. To thefe they ufually add a fifth, under 
the name of root, or brown colour. Thefe fhall form 
the fubjedf of the following fedtions. 

Sect. I. Of Blue. 

| The only colouring matters employed in dyeing blue 
are roW and indigo ; attempts, indeed, have been made 
to dym with prufliat of iron 
hitherto failed. 

I. The ifatis tinBoria, or loond, is a plant com- 
monly enough cultivated in this kingdom, and even 
found wild in fome parts of England. It is of a yel- 
lowifh colour. Some perfons think that it was this 
plant wuth which the ancient Britons ftained their bodies, 
to make them appear terrible to their enemies. When 
arrived at maturity, this plant is cut down, wafned, 
dried haftily in the fun, ground in a mill, placed in 
heaps, and allowed to ferment for a fortnight; then 
well mixed together, formed into balls, which are piled 
upon each other, and expofed to the wind and fun. In 
this ftate they gradually become hot, and exhale a pu- 
trid ammoniacal fmell. The fermentation is promoted, 
if neceffary, by fprinkling the balls with water. When it 
has continued for a fufficient time, the woad is allowed to 
fall to a coaife pow7der. In this ftate it is fold to the dyers. 

2. Indigo, is a blue coloured powder extra&ed from 
the indigofera tinBoria, and from feveral other fpecies 
of the fame genus of plants, which are cultivated for 
that purpofe both in the Eaft and Weft Indies. 

When the indigofera has arrived at maturity, it is cut 
a few inches above ground, placed in ftrata in a large 
veifel, and covered with water. The plants foon ac- 
quire heat, ferment, and difeharge abundance of carbo- 
nic acid gas. Wben the fermentation is far enough 
advanced, which is judged of by the palenefs of the 
leaves, the liquid, now of a green colour, is decanted 

‘ ^ Pr0uft 1Qforms «8> that he found magnefia, even abundantly, in indigo.—Jour. HI. 325. 
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IV. Dyeing S U 
Pure indigo is infoluble in w'ater, alcohol, pther, 

and oils: neither alkalies nor earths have any action on 
it ; none of the acids hitherto tried have any effeft on 
it, except the nitric and fulphuric. Nitric acid very 
foon converts it into a dirty white colour, and at laft de- 
compofes it completely *. When the acid is concen- 
trated, it even fets fire to the indigo (c); when it is 
diluted, the indigo becomes brown, cryflals make their 
appearance, refembling thofe of oxalic and tartarous 
acids : and there remains behind, after the acid and the 
eryftals are wafhed off, a vifcid fubftance, of a “very bit- 
ter tafle, and poffefiing many of the properties of a 
refin -f-. 

Concentrated fulphuric acid diflblves indigo readily, 
and much heat is evolved. The faturated folution is 
opaque, and confequently black; but it afiumes a deep 
blue colour when diluted with water. This folution is 
well known in commerce under the name of liquid blue. 
Bancroft has given it the name of fulphat of indigo. Du- 
ring the folution of the indigo, fome fulphurous acid, 
and fome hydrogen gas, are evolved^, and the blue 
colour of the indigo is much heightened. Thefe fadts 
have led Bancroft to fuppofe, that the indigo, during 
its folution, combines with an additional quantity of 
oxygen *. This may pofiibly be the cafe, but the phe- 
nomena are not fufficient to eitablifh it: for the hy- 
drogen gas and fulphurous acid evolved may owe their 
formation, not to the a&ion of the fulphuric acid on in- 
digo, but upon the impurities with which it is always 
mixed; and the improvement of the colour may be 
owing to the abfence of thefe impurities. The carbo- 
nats of fixed alkalies precipitate flowly from fulphat of 
indigo a blue coloured powder, which poftefles the pro- 
perties of indigo; but it is foluble in mod acids and in 
alkalies. Pure alkalies deftroy the colour and proper- 
ties of fulphat of indigo : they deftroy alfo precipitated 
indigo §. Thefe fadts give fome probability to Ban- 
croft’s opinion ; but they do not eftablifh it : becaufe 
the differences between common and precipitated indi- 
go may depend merely on the ftate of greater minute- 
nefs to which it is reduced, which prevents the attrac- 
tion of aggregation from obftrufting the aftion of other 
bodies. Even filica, when newly precipitated, is ioluble 
in many menftrua. 

3. Indigo has a very ftrong affinity for wool, filk, 
cotton, and linen. Every kind of cloth, therefore, may 
by dyed with it, without the affiftance of any mordant 
whatever. The colour thus indeed is very permanent ; 
becaufe the indigo is already faturated with oxygen, 
and becaufe it is not liable to be decompofed by thofe 
fubftances, to the adfion of which the cloth is expofed. 
But it can only be applied to cloth in a ftate of folu- 
tion ; and the only folvent known being fulphuric_acid, 
it would feem at firft fight that the fulphuric acid fo- 
lution is the only ftate in which indigo can be employ- 
ed as a dye. 

The fulphat of indigo is indeed often ufed to dye 
wool and filk blue ; but it can fcarcely be applied to 
cotton and linen, becaufe the affinity of thefe fubftances 
for indigo is not great enough to enable them readily 
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to decompofe the fulphat. The colour given by ful- 
phat of indigo is exceedingly beautiful: it is known by 
the name of Saxon blue ; becaufe the procefs, which 
was difeovered by councellor Barth in I74°> was firft 
carried on at Groffenhayn in Saxony. I he method 
of the original inventor was very complicated, from the 
great number of ufelefs ingredients which were mixed 
with the fulphat. But theie ingredients were gradually 
laid afide, and the compofition fimplified by others, af- 
ter the nature of it, which was for fome time kept fe- 
cret, became known to the public. The bell procefs 
is that of Mr Poerner *.    

One part of indigo is to be diffolved in four parts of/«r/’.4rf 
concentrated fulphuric acid ; to the folution one part/a 'Tcinture* 
of dry carbonat of potafs is to be added, and then it isP' l83‘ 
to be diluted with eight times its weight of water. 
The cloth muft be boiled for an hour in a folution, con- 
taining five parts of alum and three of tartar for every 
32 parts of cloth. It is then to be thrown into a wa- 
tifr bath, containing a greater or fmaller proportion of 
the diluted fulphat of indigo, according to the ffiade 
which the cloth is intended to receive. In this bath 
it muft be boiled till it has acquired the wiflied-for co- 
lour. The alum and tartar are not intended to aft as 
mordants, but to facilitate the decompofition of the 
fulphat of indigo. Bergman afeertained that alum pof- 
feffes this property. The alkali added to the fulphat 
anfwers the fame purpofe. Thefe fubftances, alio, by 
faturating part of the fulphuric acid, ferve, in fome 
meafure, to prevent the texture of the cloth from being 
injured by the aftion of the acid, which is very apt to 
happen in this procefs. 4*7 

4. But fulphat of indigo is by no means the only ^0‘^I^od
b°

f 

lution of that pigment employed in dyeing. By fardlc^rnpo- 
the moft common method, and indeed the only method f]ng indigo, 
known before 1740, is to deprive indigo of the oxy- 
gen to which it owes its blue colour, and thus to re- 
duce it to the ftate of green pollen ; and then to dif- 
folve it in water by means of alkalies, or alkaline eprths, 
which in that ftate aft upon it very readily. Indigo is 
precifely in the ttate of green pollen when it is firft 
extrafted from the plant in the fealding procefs de- 
feribed by Dr Roxbourgh. If,' therefore, there were 
any method of Hopping fhort here, and of feparating 
the pigment while it retains its green colour, it would 
be precifely in the ftate heft adapted for dyeing.. No- 
thing more would be neceffary but to diffolve it in wa- 
ter by means of an alkali, and to dip the cloth into the 
folution f. f Bancroft* 

But as indigo is not brought home to us in that ftate, 
the dyer is under the neceffity of undoing the laft part 
of the indgo-maker’s procefs, by, feparating again 
the oxygen, and reftoring it to its original green co- 
lour. Two different methods are employed for this 
purpofe. The firft of thefe methods is to mix with in- 
digo a folution of fome fubftance which has a ftronger 
affinity for oxygen than the green bafis of indigo. 
Green oxide of iron, for inftance, and different metallic 
fulphurets. If, therefore, indigo, lime, and green ful- 
phat of iron, be mixed together in water, the indigo 

gradually 

(c) The corabuftion of indigo by nitric acid, of the denfity 1.52°, was firft publiffied by Mr Sage > but' 
Woulfe appears to have obferved the faft before him, and to have pointed it out to Rouelle, who fhewed it im 
his leftures. Proof, Nicholfon's jour. III. 325* 
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gradually lofes its blue colour, becomes green, and is 
difiblved, while the green oxide of iron is converted in- 
to the red oxide. The manner in which thefe changes 
take place is obvious. Part of the lime decompofes 
the fulphat of iron ; the green oxide, the inftant that it 
is fet at liberty, attra&s oxygen from the indigo, de- 
compofes it, and reduces it to the ftate of green pollen. 
This green pollen is immediately difiblved by the ac- 
tion of the relt of the lime. In like manner, indigo is 
dilTolved when mixed in water, with pure antimony 
and pptafs, or with fulphuret of arfenic and potafs. For 
thefe interefting fa£b we are indebted to Mr Haufif- 
man. 

The fecond method is to mix the indigo in water 
with certain vegetable fubftances w'hich readily undergo 
fermentation. During this fermentation, the indigo is 
deprived of its oxygen, and diflblved by means of quick- 
lime or alkali, which is added to the folution. The 
firft of thefe methods is ufually followed in dyeing cot- 
ton and linen ; the fecond in dyeing wool and fdk. 

5. Irt the dyeing of wool, woad and bran are com- 
rolonr nil16-^Hly empl°yecl a!i vegetable ferments, and lime as the 

folvent of the green bafe of the indigo. Woad con- 
tains itfelf a colouring matter precifely fimilar to in- 
digo ; by following the common procefs, indigo may 
be extra&ed from it. In the ufual {late of woad, when 
purchafed by the dyer, the indigo which it contains is 
probably not far from the (late of green pollen. Its 
quantity in woad is but fmall, and it is mixed with a 
g-reat proportion of other vegetable matter. Before 
the introdudlion of indigo into Europe, woad alone 
was employed as a blue dye; and even as late as the 
I 7th century, the ufe of indigo was reftrifted in differ- 
ent countries, and dyers obliged to employ a certain 
quantity of woad (d). But thefe abfurd reftriftions 
were at laft removed, and woad is now fcarcely ufed in 
dyeing, except as a ferment to indigo. The blue co- 
louring matter, however, which it contains, muff, in all 
■cafes, contribute confiderably to the dye. 

A fufficient quantity of woad, mixed with bran, is 
put into a wooden veffel filled with warm water, whofe 
temperature is kept up fufficiently to enfure fermenta- 
tion. Afterwards quicklime and indigo are added. The 
indigo is deprived of its oxygen, and diffolved by the 
lime. When the folution is complete, the liquid has a 
green colour, except at the furface, where it is copper 
coloured, or blue, becaufe the indigo at the furface 
abforbs oxygen from the air, and affumeS its natural 
colour. The woollen cloth is dipped in, and paffed thro’ 
the liquid as equably aspofiGble, piece after piece ; thofe 
pieces being firft dyed which are to affume the deepeft 
Ihade. No part of the cloth fhould come in contadl 
with the fediment, which would fpoil the colour. When 
the cloth is firft taken out of the vat, it is of a green 
colour; but it foon becomes blue, by attracting oxygen 
from the air. It ought to be carefully wafhed, to car- 
ry off the uncombined particles. This folution of in- 
digo is liable to two inconveniences; 1. It is apt fome- 
times to run too fall into the putrid fermentation : this 
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may be known by the putrid vapours which it exhales, Yellow, 
and by the difappearing of the green colour. In this 
ftate it would foon deftroy the indigo altogether. The 
inconvenience is remedied by adding more lime, which 
has the property of moderating the putrefcent tenden- 
cy. 2. Sometimes the fermentation goes on too lan- 
guidly. This defe6t is remedied by adding more bran 
or woad, in order to diminifti the proportion of quick- 
lime. _ .419 

6. Silk is ufually dyed blue by the following pro- silk, 
cefs : Six parts of bran, and fix of indigo, with nearly 
one part of madder, are ftirred into a fufficient quanti- 
ty of water, in which fix parts of common potafh of 
commerce is diffolved. The liquid is kept at a tempe- 
rature proper for fermentation. When the indigo, de- 
prived of its oxygen by the fermentation, is diffolved 
by the potafs, the liquid affumes a green colour. The 
filk, previoufly well fcoured, is put into the folution in 
fmall quantities at a time ; then wrung out of the dye, 
and hung up in the open air, till the green colour which 
it has at firft is changed into blue. By this method 
filk can only be made to receive a light blue colour. 
In order to give filk a dark blue, it mult previoufly re- 
ceive what is called a ground colour; that is, be previouf- 
ly dyed fome other colour. A particular kind of red 
dye-ftuff, called archil (e), is commonly employed for 
this purpofe. 

The madder employed in the above procefs may, at 
firft fight, appear fuperfluous : it feems, however, to 
contribute fomething to the colour. 4^0 

7. Cotton and linen are dyed blue by the following Cotton, arul 
procefs : One part of indigo, one part of green fulphat ^nen» 
of iron, and two parts of quicklime, are ftirred into a 
fufficient quantity of water. The folution is at firft 
green, but it gradually affumes a yellow colour, and its 
furface is covered with a ftiining copper-coloured pel- 
licle. The cloth is to be allowed to remain in the folution 
for five or fix minutes. When taken out, it has a yellow 
colour; but on expofure to the atmofphere, it foon be- 
comes green, and then blue, in confequence of the ab- 
forption of oxygen. The indigo, in this procefs, leems 
to be deprived of a greater quantity of oxygen than is 
neceffary to reduce it to the ftate of green pollen. Mr 
Hauflman has obferved, that the cloth acquires a much 
deeper colour, provided it be plunged, the inftant it is 
taken out of the dyeing vat, into water acidulated with 
fulphuric acid. It is ufual to dip the cloth into a fuc- 
cefiion of vats, varioufly charged with colouring mat- 
ter ; beginning with the vat which contains leaft co- 
louring matter, and palling gradually to thofe which 
contain molt. By this contrivance the cloth is dyed 
more equally than it probably would be, it it were plun- 
ged all at once into a faturated folution of colouring 
matter. 

Sect. II. Of Tei.loiv. 

The principal colouring matters employed to ^yeYefiow 
yellow are weld, fujlic, and quercitron bark. dyes. 

1. Refeda luteola, known in this country by the name 
of 

(d) The employment of Indigo was ftridlly prohibited in England in the reign of Queen Elizabeth ; nor 
was the prohibition taken off till the reign of Charles II. It was prohibited alfo in Saxony. In the edi£l it is 
fpoken of as a corrofive fubftance, and called food for the devil. Colbert reftri&ed the French dyers to a certain 
quantity of it. 

(e) This will be defcribed in a fubfequent fedlion. 
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of weld, is a plant which grows wild very commonly in 

' Scotland, and in mod European countries. Cultivated 
weld has a more {lender item than the wild kind, but it 
is more valuable, becauie it is much more rich in co- 
louring matter. It is an annual plant, of a yellowifh 
green colour, furnifhed with a great number of fmall 
leaves. When ripe it is pulled, dried, tied up in par- 
cels, and in that date fold to the dyer. 

Weld readily yields its colouring matter to water. 
The faturated decoction of it is brown ; but when fudi- 
cientlv diluted with water it becomes yellow. Acids 
render its colour fomewhat paler, but alkalies give it a 
deeper (hade. When alum is added to it, a yellow co- 
loured precipitate falls down, confiding of alumina com- 
bined with the colouring matter of weld. The affinity 
therefore of this colouring matter for alumina is fo 
great, that it is able to abdraft it from fulphuric acid. 
Its affinity for oxide of tin is at lead equally great ; tor 
muriat of tin caufes a copious bright yellow precipitate, 
compofed of the colouring matter and the oxide com- 
bined. Mod of the metallic falts occafion fimilar preci- 
pitates, but varying in colour according to the metal 
employed. With iron, for indance, the precipitate is 
drak grey, and with copper brownidi green *. 

2. The morus tindoria is a large tree which grows in 
the Wed India iflands. The wood of this tree is of a 
yellow colour, with orange veins. The French call it 
yellow wood (bois jaune) ; but the Englifh dyers have 
given it the abfurd name of oldfujl'ic (f). This wood 
has been introduced into dyeing fince the difcovery of 
America. The precife time is not known ; but that it ' 
was ufed in England foon after the middle of the 17th 
century, is evident from Sir William Petty’s paper on 
Dyeing, read to the Royal Society foon after its indi- 
tution. In that paper particular mention is made of old 

Fudic gives out its colouring matter with great faci- 
lity to water. The faturated decoddion of it is of a 
deep reddifh yellow colour ; when fufficiently diluted it 
becomes orange yellow. Acids render it turbid, give 
it a pale yellow colour, and occafion a flight greenifh 
precipitate, which alkalies rediflblve. Alkalies give 
the decoftion a very deep colour, inclining to red ; fome 
time after they have been added, a yellow matter fepa- 
rates from the liquid, and either fwims on the furface, 
or adheres to the fides of the veffel. Alum, fulphat 
of iron, of copper, and of zinc, produce precipitates 
compofed of the colouring matter combined refpeftive- 
ly with the bafes of thefe different falts ; and the colour 
varies according to the fubftance with which this co- 
louring matter is combined. With alumina it is yel- 
low ; with iron, yellowifh brown ; with copper, -brown- 
ifh yellow; and with zinc, greenifh brown f. 

3. The quercus nigra, to which Dr Bancroft has 
given the name of quercitron, is a large tree which grows 
naturally in North America. Dr Bancroft difcovered, 
about the year 1784, that the bark of this tree contains 
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a great quantity of yellow colouring matter, and fince Yvilow. 
that time it has been introduced into dyeing with much 
advantage. To prepare it for the dyer, the epidermis 
is fhaved off, and then it is ground in a mill. It fepa- 
rates partly into flringy filaments, and partly into a fine 
light powder. Both of thefe contain colouring matter, 
and therefore are to be employed ; but as they contain 
unequal quantities, they fhould be ufed in their natural 
proportions. 

(Quercitron bark readily gives out its colouring mat- 
ter to water at the temperature of ioog. The infufion 
has a yellowifh brown colour, which is rendered lighter 
by acids, and darker by alkalies. Alum occafions a 
fcanty precipitate of a deep yellow colour ; inuriat of 
tin, a copious bright yellow precipitate ; fulphat of tin, 
a dark olive precipitate ; and fulphat of copper, a pre- 
cipitate of a yellow colour inclining to olive J. { Bunc,o/tt 

4. Befide* thefe dye fluffs there are others occafion-1* 31°- 
ally uled by dyers. The following are the molt remark-othc/yeI- 

: _ _ low dyes. 
Gmijla tinctoria, or dyers broom. This plant yields a 

very inferior yellow ; it is only ufed for coarle woollen 
fluffs. 

Serralula tinftcria, or faw-wort. This plant yields a 
yellow nearly of the fame nature with weld; for which, 
therefore, it is a good fubftitute. 

Juglatis alba, or American hiccory. The bark of this 
tree yields a colouring matter exactly fimilar to that of 
quercitron bark, but much fmaller in quantity. 

Anotta is a name given to a red pafte formed of the 
berries of the bixa oiellana, a tree which is a native of 
America. This paile yields its colouring matter to a 
folution of alkali in water. The folution affords an ex- 
ceedingly beautiful yellow dye, but very fading, and in- 
capable of being fixed by any known mordant. 

Turmeric is the root of the curcuma longa, a plafit 
which grows both in the Ealt and Weft Indies. It is 
richer in colouring mater than any other yellow dye 
fluff. It yields very beautiful yellows, but too fading 
to be of much ufe, and no mordant has any influence 
in contributing to their permanence. 425 

5. Yellow colouring matters have too weak an affi-Yc’*owrc" 
nity for cloth to produce permanent colours without^ 
the ufe of mordants. Cloth, therefore, before it be 
dyed yellow, is always prepared by combining fome 
mordant or other with it. The mordant moft common- 
ly employed for this purpofe is alumina. Oxide of tin 
is fometimes ufed when very fine yellows are wanted. 
Tan is often employed as a fubfidiary to alumina, in or- 
der to fix it more copioufly on cotton and linen. Tar- 
tar is alfo ufed as an auxiliary to brighten the colour ; 
and muriat of foda, fulphat of lime, and even fulphat of 
iron, in order to render the fhade deeper. 

6. The yellow dyed by means of fuftic is more per- 
manent, but not fo beautiful as that given by weld or 
quercitron. As it is permanent, and not much injured 
by acids, it is often ufed in dyeing compound colours 

4 K where 

(f) The rhus cotiniis, or Venice fumach, is a fmall fhrub, formerly employed as a yellow dye, but now almoft 
out of ufe. The French call it fujlet, from which word it is probable, as Dr Bancroft fuppofes, that our dyers 
formed the term fuftic. When the morus tinftoria was introduced as a dye-fluff, they gave it the fame name : 
but in order to diftinguifh the two, they called the fumach, which was a fmall Ihrub, young fujlic; and the morus, 
which was a large tree, old fujlic. See Bancroft^ i. 412. 
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where a yellow is required. The mordant is alumina. 
When the mordant is oxide of iron, fuftic dyes a good 
permanent drab colour. 

Weld and quercitron bark yield nearly the lame kind 
of colour ; but as the bark yields colouring matter in 
much greater abundance, it is much more convenient, 
and, upon the whole, cheaper than weld. It is pro- 
bable therefore, that it will gradually fuperfede the ufe 
of that plant. The method of uhng each of thefe dye 
Hull's is nearly the fame. 

y. Wool may be dyed yellow by the following pro- 
cefs : Let it be boiled for an hour, or more, with 
about -^th of its weight of alum, diffolved in a fufficient 
quantity of water. It is then to be plunged, without 
being rinced, into a bath of warm water, containing in 
it as much quercitron bark as equals the weight of the 
alum employed as a mordant. The cloth is to be turn- 
ed through the boiling liquid till it has acquired the 
intended colour. Then a quantity of clean powdered 
chalk, equal to the hundredth part of the weight of the 
cloth, is to be ftirred in, and the operation of dyeing 
continued for eight or ten minutes longer. By this 
method a pretty deep and lively yellow may be given 
fully as permanent as weld yellow *. 

For very bright orange, or golden yelloivs, it is ne- 
ceffary to have recourfe to the oxide of tin as a mor- 
dant. A fine orange yellow may be given to woollen 
cloth, by putting, for every ten parts of cloth, one part 
of bark into a fuificient quantity of hot water; after a 
few minutes, an equal weight of murio-fulphat of tin is 
to be added, and the mixture well ftirred. The cloth 
acquires the wilhed-for colour in a few minutes when 

■ brifldy turned in this bathf. 
The fame procefs will ferve for producing bright 

golden yellows, only fome alum muft be added along with 
the tin. For the brighteft golden yellow, the propor- 
tions fufficient for dyeing too parts of cloth are, to 
parts of bark, y parts of murio-fulphat of tin, and 5 
parts of alum. All the poffible ftiades of golden yellow 
may be given to cloth merely by varying the propor- 
tion of the ingredients according to the lhade J. 

In order to give the yellow that delicate green ftiade 
fo much admired for certain purpofes, the fame procefs 
may be followed, only tartar muft be added in different 
proportions according to the ftiade. Thus to dye 100 
parts of cloth a full bright yellow, delicatelyr inclining 
to green, 8 parts of bark, 6 of murio-fulphat, 6 of alum, 
and 4 of tartar, are to be employed. The tartar is to 
be added at the fame time with the other mordants. If 
the proportion of alum and tartar be increafed, the 
green ftiade is more lively : to render it as lively as pof- 
fible, all the four ingredients ought to be employed in 
equal proportions. As thefe fine lemon-yellows are 
generally required only pale, 10 parts of each of the 
ingredients will be fufficient to dye about 300 parts of 
cloth 

By adding a fmall proportion of cochineal, the co- 
. lour may be raifed to a fine orange, or even an aurora||. 

8. Silk may be dyed different ftiades of yellow, either 
by weld or quercitron bark, but the laft is the cheapeft 
of the two. The proportion ftiould be from I to 2 
parts of bark to 12 parts of filk, according to the ftiade. 
The bark, tied up in a bag, ftiould be put into the dye- 
ing veffel while the water which it contains is cold, and 
when it has acquired the heat of about ico°, the filk, 
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previoufly alumed, ftiould be dipped in, and continued till Yellow, 
it affumes the wiftied-for colour. When the ftiade re- 
quired is deep, a little chalk or pearlafti ftiould be added 
towards the end of the operation. When a very lively 
yellow is wanted, a little murio-fulphat of tin ftiould be 
added, but not too much, becaufe .tin always injures 
the gloffinefs of filk. The proportions may be 4 parts 
of bark, 3 of alum, and 2 of murio-fulphat of tin«[f. % Bancroft, 

Silk is dyed fine orange and aurora colours by anot-1, 

ta. The procefs is merely dipping the filk into an al- 
kaline folution of anotta. To produce the orange 
ftiade the alkali is faturated with lemon juice. The 
colours thus produced are exceedingly beautiful, but 
they want permanency. 

9. The common method of dyeing cotton and linen Cotton, 
yellow, has been deferibed in the article Dyeing in theand HneR. 
Encyclopedia. The cloth is firft foaked in a folution of 
alum, and then dyed in a decoftion of weld. After 
this it is foaked for an hour in a folution of fulphat of 
copper, and, laftly, it is boiled for an hour in a folution 
of hard foap. This procefs, befides the expence of it, 
is defedive ; becaufe the yellow is neither fo beautiful 
nor fo permanent as it might be if the mordant were 
ufed in a different form. 

The method recommended by Dr Bancroft is much 
more advantageous, yielding more permanent and beau- 
tiful colours at a fnialler expence. The mordant Ihould 
be acetite of alumina, prepared by diffolving 1 part of 
acetite of lead, and 3 parts of alum, in a fufficient quan- 
tity of water. This folution ftrould be heated to the 
temperature of ioo°, the cloth fhould be'foaked in it 
for two hours, then wrung out and dried. The foak- 
ing may be repeated, and the cloth again dried as be- 
fore. It is then to be barely wetted with lime water, 
and afterwards dried. The foaking in the acetite of 
alumina may be again repeated ; and if the fhade of 
yellow is required to be very bright and durable, the 
alternate wetting with lime water, and foaking in the 
mordant, may be repeated three or four times. By 
this contrivance a fufficient quantity of alumina is-com- 
bined with the cloth, and the combination is rendered 
more permanent by the addition of fome lime. The 
dyeing bath is prepared by putting 12 or 18 parts of 
quercitron bark (according to the depth of the ftiade 
required), tied up in a bag, into a fufficient quantity of 
cold water. Into this bath the cloth is to be put, and 
turned round in it for an hour, while its temperature is 
gradually raifed to about 1 20°. It is then to be brought 
to a boiling heat, and the cloth allowed to remain in it 
after that only a few minutes. If it be kept long at a 
boiling heat the yellow acquires a ftiade of brown *. ± Hid. 351^ 

Another way of dyeing cotton and linen very per- 
manent yellows, would be to imitate the method adopt- 
ed for dyeing cotton in the Eaft. That method is in- 
deed exceedingly tedious, but it might be very much 
ftiortened by carefully attending to the ufes of the in- 
gredients. The effential part of the procefs is to caufe 
the alumina to combine in fufficient quantity with the 
cloth, and to adhere with fufficient firmnefs to enfure a 
permanent colour. This is accompliftied by ufing three 
mordants ; firft oil, then tan, and laftly alum. The 
combination of thefe three fubftances produces a morr 
dant which enfures a very permanent colour. 

The cotton is firft foaked in a bath compofed of a 
fufficient quantity of oil, and mixed with a weak folu- 

tion 
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tion of foda. Animal oil feems to anfwer beft for the 
purpofe. Vogler found that glue anfwered extremely 
well. The foda Ihould be cauftic : In that ftate it com* 
bines with the oil, and enables the cloth to abforb it 
equally. It is then, after being wafhed, put into an 
infufion of nut galls (the whiter the better). The tan 
combines with the oil, while the gallic acid carries oft 
the alkali that may remain attached to the cloth. The 
infufion ought to be hot ; and the cotton, after coming 
out of it, fhould be dried as quickly as poflible. Care 
ftiould be taken that the quantity of galls do not ex- 
ceed a jull proportion compared with the oil, other- 
wife the colour will be darkened. The cotton, thus 
prepared, is to be put into a folution oi alum. There 
is a itrong affinity between tan and alumina ; in confe- 
quence of which, the alum is decompofed, and the alu- 
mina combines with the tan in fufficient abundance -j*. 
The cotton, thus prepared, is to be dyed, as above de- 
feribed, with quercitron bark. 

Mr Chaptal, whofe ingenious labours have contri- 
buted exceedingly to elucidate the theory of dyeing, 
has propofed an exceedingly Ample and cheap method 
of dyeing cotton a tine permanent nankeen yellow. His 
procefs is as follows (g). 

Cotton has fo ftrong an affinity for oxide of iron, 
that if put into a folution of that oxide in any acid 
whatever, it decompofes the fait, abforbs the iron, and 
acquires a yellow colour. The cotton to be dyed 
is to be put into a cold folution of fulphat of iron, of 
the fp. gr. 1.020 ; it is then wrung out, and put di- 
reftly into a ley of potafs, of the fp. gr. 1.010, into 
which a folution of alum has been poured till it was fa- 
turated with it. After the cotton has remained in this 
bath four or five hours, it may be taken out, wafhed, 
and dried. By this procefs cotton may be dyed all 
the different (hades of nankeen, by varing the propor- 
tion of the fulphat of iron. This colour has the ad- 
vantage of not being injured by wafhing, and of being 

$ Ibid. 170. exceedingly cheap §. 
Sect. III. 0/ Red. 

Red dyes. The principal colouring matters employed in dyeing 
red are, lermes, cochineal, archil, madder, carthamus, and 
JSrazil wood. 

JCermts1 1 • In different parts of Afia and the fouth of Eu- 
* rope, there grows a fmall fpecies of oak, to which Lin- 

nteus gives the name of quercus coccifera. On this oak 
refides a fmall infedft, of a reddiffi brown colour; in 
commerce it is known by the name of kermes. This 
infeft is a fpecies of coccus : Linnaeus called it coccus 
ilicis. Thefe infe&s are gathered in the month of June 
when the female, which alone is ufeful, is fwelled with 
eggs. They are fteeped for ten or twelve hours in vi- 
negar to kill the young infefts contained in the eggs, 
and afterwards dried on a linen cloth. In this ftate 
they are fold to the dyer. 

Kermes readily gives out its colouring matter to 
water or alcohol. It was much ufed by the ancients in 
dyeing ; the colours which it produced were highly 
efteemed, being inferior in price only to their celebra- 
ted purple. They gave it the name of coccus. 

BSTANCES. <>17 
The colour which it communicates to doth is ex- R^d- . 

ceedingly permanent, but being far inferior in beauty 
to thofe which may be obtained from cochineal, it has 
been but little employed by dyers fince that fplendid 
pigment came into common ufe. 433 

2. Cochineal is likewife an infed, a fpecies of romAr. Cochineal, 
Linnaeus diftinguilhes it by the name of coccus cafii. It 
inhabits different fpecies of cafti, but the moft perfert 
variety is confined to the cadus couinillifer. The cochi- 
neal infe£t was firft difeovered in Mexico ; the natives 
had employed it in their red dyes before the arrival of 
the Spaniards. It became known in Europe foon after 
the conqueft of Mexico ; arid the beauty of the colour 
which it communicates to cloth very foon attra&ed ge- 
neral attention. For many years it was miftaken for a 
vegetable produ&ion, as had been the cafe alfo with the 
kermes. Different accounts of its real nature had in- 
deed appeared very early in the Philofophical Tranf- 
a&ions ; but the opinion of Pomet, who infilled that 
it was the feed of a particular plant, gained fo much 
credit, that it was not entirely deftroyed till the publi- _ 
cation of Mr Ellis's paper in the 52d volume of the 
Philofophical Tranfactions, which eftablifhed the con- 
trary beyond the poffibility of doubt. 

The female cochineal infe£t remains like the kermes, 
during her whole life adhering to a particular fpot of 
the tree on which it feeds. After fecundation, her 
body ferves merely as a nidus for her numerous eggs, 
and gradually fwells as thefe advance towards maturity. 
In this ftate the infefts are gathered, put into a linen 
bag, which is dipt into hot water to deftroy the life of 
the young animals contained in the eggs, and then 
dried. In this ftate they are fent to Europe and fold 
to the dyer. 

The quantity of cochineal difpofed of in Europe is 
very great. Bancroft informs us, ihat the Spaniards 
annually bring to market about 600,000 lbs. ot it. 
Hitherto the rearing of the infefts has belonged almoft 
exclufively to that nation. Other nations have indeed 
attempted to (hare it with them, but without any re- 
markable fuccefs ; as the Spaniards ufe every precau- 
tion to confine the true cochineal, and even the fpecies 
of caftus on which it feeds, to Mexico. Mr Thiery 
de Menonville was fortunate enough to procure fome 
fpecimens of both, and to transfer them in fafety to St 
Domingo ; but after his death, the infers were allow- 
ed to perifh. The wild cochineal infe&, which differs 
from the cultivated kind merely in being fmaller, and 
containing lefs colouring matter, was produced in St 
Domingo, in confiderable quantities, before the com- 
mencement of the late war. Several fpirited Bri* 
tifh gentlemen have lately contrived to procure the in- 
fe£l; and vigorous efforts are making to rear it in the 
Eall Indies. We have not yet learned the fuccefs of 
thefe attempts ; but we have reafon to hope every thing 
from the zeal and abilities of thofe gentlemen who have 
taken an aftive part in the enterprize. 

Cochineal readily gives out its colouring matter to 
water. The decodion is of a crimfon colour, incli- 
ning to violet: It may be kept for a long time without 
putrefying or lofing its tranfparency. Sulphuric acid 

4 K 2 gives 

(g) We ought to menton, that this procefs, or at leaft one very fimilar, has been long well known to the ca- 
lico printers of this country. Moft of their brown yellows, or drabs, are dyed with iron. 
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gives it a red colour, inclining to yellow, and occafions 
a fmall fine red precipitate. Tartar gives it a yellowifii 
red colour, which becomes yellow after a fmall quanti- 
ty of red powder has fubfided. Alum brightens the 
colour of the deco&ion, and occafions a crimfpn preci- 
pitate. Muriat of tin gives a copious fine red precipi- 
tate; fulphat of iron, a brownifh violet precipitate; ful- 
phat of zinc, a deep violate precipitate ; acetite of lead, 

H i rj ° ^’and fulphat of copper, violet precipitates-)-. Water is not capable of extradling the whole of the 
colouring matter of cochineal; but the addition of a 
little alkali or tartar enables the water to extract the 

* Ibid. 175. whole of it *. 

1 -Archil (h) is a pa lie formed of the lichen roccella, 
434' 7 pounded and kept moift for fome time with dale urine. 

Archil, It gives out its colouring matter to water, to alcohol 
(1), and to a folution of ammonia in water. 

The lichen roccella grows abundantly in the Canary 
iflands, from which it is imported and fold to the dyers. 
Other lichens are likewife ufed to dye red, efpecially 
the par dim, from which the pigment called litmus, and 
by chemifts turfole, is prepared ; the omphalodes and tar- 
tareous, which are often employed in this country to 
dye coarfe cloths. To thefe many others might be ad- 
ded ; but the reader may confult the treatifes of Hoff- 
man and Weflring on the fubjeft. 

4. The rubia tinfiorum is a fmall well known plant, 
cultivated in different parts of Europe for the fake of 
its roots, which are known by the name of madder. 
They are about the thicknefs of a goofe quill, fome- 
what tranfparent, of a reddifh colour, and a ftrong fmell. 
They are dried, cleaned, ground in a mill, and in that 
Hate ufed by dyers. 

Madder gives out its colouring matter to water. The 
infufion is of a brownifh orange colour; alum produces 
in it a deep brownifli red precipitate ; alkaline carbo- 
nats, a blood red precipitate, which is rediffolved on add- 
ing more alkali. The precipitate occafioned by acetite 
of lead is brownifh rvd ; by nitrat of mercury, purplifh 
brown ; by fulphat of iron, a fine bright brown. Af- 
ter the red colouring matter has been extracted from 
madder by water, it is flill capable of yielding a brown 

^ colour J. 
"'"I" 5. Carthamus tinSorious is an annual plant, cultiva- 
Ganhamus-.tcd in SPain> Egypt* an(1 the Levant, for the fake of 

its flowers, which alone are ufed in dyeing. After the 
juice has been fqueezed out of thefe flowers, they are 
wafhed repeatedly with fait water, preffed between the 
hands, and fpread on mats to dry. Care is taken to 
cover them from the fun during the day, and to expofe 

- them to the evening dews, in order to prevent them 

435 
Madder, 
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from drying too fail. Such is the method followed in Red. 
Egypt. ' v— 

The flowers of carthamus contain two colouring 
matters ; a yellow, which is foluble in water, and a red, 
infoluble in water, but foluble in alkaline carbonats. 
The method of preparing them above dtfeijibed, is in- 
tended to carry off the yellow colouring matter, which 
is of no ufe, and to leave only the red. After the 
flowers are thus prepared, they are of a red colour, and 
have loft nearly one-half of their weight. An alkaline 
ley readily extra&s their colouring matter, which may 
be precipitated by faturating the alkali with an acid. 
Lemon juice is commonly ufed for this purpofe, becaufe 
it does not injure the colour of the dye. Next to ci- 
tric, fulphuric acid is to be preferred, provided too 
great a quantity be not ufed. The red colouring mat- 
ter of carthamus, extracted by carbonat of foda, and 
precipitated by lemon juice, conftitutes the rouge em- 
ployed by the ladies as a paint. It is afterwards 
ground with a certain quantity of talc. The finenefs 
of the talc, and the proportion of it mixed with the car- 
thamus, occafion the difference between the cheaper 
and dearer kinds of rouge. ^7 

6. Brazil wood, or fernambouc, as it is called by the Brazil 
French, is the wood of the cafalpinia crijla, a tree wo°d. 
which grows naturally in America and the Weft In- 
dian iflands. It is very hard ; its fpecific gravity is 
greater than that of water; its tafte is fweetifh: its 
colour, vdien frefh cut, is pale ; but after expofure to 
the atmofphere, it becomes reddifh. 

Brazil wood yields its colouring matter to alcohol, 
and likewdfe to boiling water. The deco&ion is of a 
fine red colour. The mineral acids make it yellow, 
and occafion a reddifh brown precipitate. Oxalic acid 
caufes an orange red precipitate. Fixed alkali gives 
the decoftion a crimfon colour, inclining to brown ; 
ammonia, bright purple. Alum occafions a copious 
crimfon precipitate, efpeeially if alkali is added at the 
fame time. Sulphat of iron renders the decodlion black. 
The precipitate produced by muriat of tin is rofe co- 
loured ; that by acetite of lead of a fine deep red *. 

The deccdlion of Brazil wood is fitter for dyeing * % 
rib*lUtr 

after it has flood fome time, and undergone a kind of 
fermentation. 438 7. None of the red colouring matters has fo ftrong Red re- 
an affinity for cloth as to produce a permanent red, quires a 
without the affiftar.ee of mordants. The mordants em-mardant* 
ployed are alumina and oxide of tin ; oil and tan, in 
certain proceffes,are alfo ufed; and tartar and muriat of 
foda are frequently called in as auxiliaries. 

8. Coarfe woollen fluffs are dyed red with madder 

( h) If we believe Tournefort, this dye-ftuff was known to the ancients. They employed it to dye the colour 
known by the name of purple of Amorgos, one of the Cyrelades iflands. If this account be accurate, the know- 
ledge of it had been loft during the dark ages. It was accidentally difeovered by a Florentine merchant about 
the year 1300, who obferved, that urine gave a very' fine colour to the lichen roccella. Mr Dufay difeovered, 
that archil poffefles the property- of tinging indelibly white marble, of forming veins, and giving it the appear- 
ance ©f jafper. See Mem. Par. 1732. & > fe fe W 

(1) i he tindlure of archil is ufed for making fpirit of wine thermometers. It is a Angular fa£l, that this tine- 
ture ecome gradually colourlefs when excluded from the contadl of air, and that it again recovers its colour 
w en expo ed to the atmofphere. T. he phenomenon was firft obferved by the Abbe Nollet, and deferibed by 
him m an eflaj, pubhfhed among the memoirs of the Academy of Sciences for 1742, 
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or archil; but fine cloth is almoft exclufively dyed with 
cochineal ; though the colour which ft receives from 
kermes is much more durable. Brazil wood is icarcely 
ufed, except as an auxiliary ; becaufe the colour which 
it imparts to wool is not permanent. 

wShow Wool is dyed c rim fon, by full impregnating it with 
lyed crim-alumina by means of an alum bath, and then boiling 

it in a decoition of cochineal till it has acquired the 
wilhed-for colour. 'The crimfon will be finer if the tin 
mordant be fubftxtuted for alum: indeedit is ufual with 
dyers to add a little nitro-muriat of tin when they want 
fine crimfons. The addition of archil and petals to 
the cochineal, both renders the crimfon darker and 
gives it more bloom ; but the bloom very foon vanifhes. 
For paler crimfons, one half of the cochineal is with- 
drawn, and madder fubftituted in its place. 

Wool may be dyed fcarlet, the moft fplendid of all 
colours, by firit boiling it in a folution of murio-ful- 
phat of tin ; then dyeing it pale yellow with quercitron 
bark, and afterwards crimfon with cochineal: For 
fcarlet is a compound colour, confilling of crimfon mix- 
ed with a little yellow. This method was fuggefted 
by Dr Bancroft, who firll explained the nature of the 
common method. The proportions which he gives are 
eight parts of murio-fulphat of tin for a 100 parts of 
cloth. After the cloth has been boiled in this folution 
for a quarter of an hour, it is to be taken out, and a- 
bout four parts of cochineal, and two and a half parts of 
quercitron bark, are to be thrown into the bath. Af- 
ter thefe are well mixed, the cloth is to be returned 

_ ag-ain to the bath, and boiled in it, till it has acquired 
the proper colour*. 

The common-procefs for dyeing fcarlet is as follows : 
Twelve parts of tartar are diffolved in warm water ; then 
one part of cochineal is added, and foon after ten parts 
of nitro-muriat of tin. When the bath boils, ico parts 
of cloth are put in, turned brifidy through the bath, 
boiled in it for two hours ; then taken out, aired, walk- 
ed, and dried. Into another bath eleven parts of co- 
chineal are put; and after its colouring matter is fuffi- 
ciently extrafted, 28 parts of nitro-muriat of tin are 
added. In this bath the cloth is boiled for an hour, 
and then w'afhed and dried. 

Every preceding writer on dyeing took it for grant- 
ed, that the yellow tinge neceffary for fcarlet w^as pro- 
duced by the nitro-muriat of tin, or rather by the ni- 
tric acid of that compound, and that the tartar was 
only ufeful in enlivening the colour. But Dr Bancroft 
afeertained, by adfual experiment, that nitro-muriat 
of tin has no fuch effeft ; that cloth, impregnated with 
this or any other tin mordant, and afterwards dyed 
■with cochineal, acquires only a crimfon colour, unlefs 
tartar be added ; that the tartar has the property of 
converting part of the cochineal to yellow ; and there- 
fore is the real agent in producing the fcarlet colour. 
Good fcarlet, indeed, cannot be made without tin ; be- 
caufe every other mordant fullies the colour, and ren- 

lUd* 48S. 
9. Silk is ufually dyed red with cochineal or cartha- 

mus, and fometimes with Brazil wood. Kermes does 
not anfwer for filk ; madder is fcarcely ever ufed for 
that puipofe, becaufe it does not yield a bright enough 
colour. Archil is employed to give filk a bloom ; but 
it is fcarcely ufed by itfelf, unlefs when the colour want- 
ed is lilac. 

1.151. 
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Silk may be dyed crimfon by fteeping it in a folu- Red- 

tion of alum, and then dyeing it in the ufual way in a 71; ^ 
cochineal bath. But the common procefs is to plunge [n
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the filk, after it has been alumed, into a bath formed crimfon, 
of the following ingredients : Two parts of white galls, 
three parts of cochineal, three-fixteenths of tartar, and 
three fixteenths of nitro-muriat of tin, tor every fixteen 
parts of filk. The ingredients are to be put into boil- 
ing water in the order they have been enumerated ; the 
bath is then to be filled up with cold water ; the filk 
put into it, and boiled for two hours. After the bath 
has cooled, the filk is ufually allowed to remain in it for 
three hours longer. 

The colours known by the names of poppy, cherry, pppp^ 
rofe, and flefh colour, are given to filk by means of 
carthamus. The procefs confifts merely in keeping the 
filk, as long as it extradls any colour, in an alkaline fo- 
lution of carthamus, into which as much lemon juice 
as gives it a fine cherry colour has been poured. To 
produce a deep poppy red, the filk mml be put fuc- 
cefiively into a number of fimilar baths, and allowed to 
drain them. When the filk is dyed, the colour is 
brightened by plungiwg it into hot water acidulated with 
lemon juice. The filk ought tube previoufly dyed yel- 
low with anotta. 444 

Cherry red is produced the fame way, only the anot-Cherry, 
ta ground is omitted, and lefs colouring matter is ne- 445 
ceffary, When a flefh colour is required, a little foap e 1 re : 

fhould be put into the bath, which foftens the colour, 
and prevents it from taking too quickly. 

To lefien the expence, fome archil is often mixed 
with carthamus for dark {hades. 

The fame {hades may be dyed by means of Brazil 
wood, but they do not Hand. 446 

Silk cannot be dyed a full fcarlet ; but a colour ap-Scarlet, 
preaching to fcarlet may be given it, by firft impregna- 
ting the ftuff with murio-fulphat of tin, and afterwards 
dyeing it in a bath compofed of four parts of cochi- 
neal and four parts of quercitron bark. To give the co- 
lour more body, both the mordant and the dye may be 
repeated *. A colour approaching fcarlet may be alfof Bancroft, 
given to filk, by firll dyeing it crimfon, then dyeing it1, d '• 
vtlih carthamust and laftly yellow without heat f. t. BertholUt, 

10. Cotton and linen are dyed red with madder.u' 
The procefs was borrowed from the Eafl:; hence the Howto 
colour is often called Adrianople or 'Turley red. The dye cot- 
cloth is firft impregnated with oil, then with galls, atld'onam!^ 
laftly with alum, in the manner deicribed in the laft 1Ilcn rt 

fedtion. It is then boiled for an hour in a decodtion 
of madder, which is commonly mixed with a quantity 
of blood. After the cloth is dyed, it is plunged into 
a foda ley, in order to brighten the colour. The red 
given by this procefs is very permanent, and when pro- 
perly condudted it is exceedingly beautiful. The whole 
difficulty confifts in the application of the mordant, 
which is by far the moft complicated employed in the 
whole art of dyeing. 

Cotton may be dyed fcarlet by means of murio-ful- 
phat of tin, cochineal, and quercitron bark, ufed as for 
filk ; but the colour is too fading to be of any va- 
lue*.. * Bancroft) 

Sect. IV. Of Black.. 3l6, 

44* 
j. The fubftances employed to give a black colour Black, 

to cloth are red oxide of iron and tan, Thefe two fub-dyes, 
ftances 
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fiances have a ftrong aflimty fo’* each other; and when 
combined, aflume a deep black colour, not liable to be 
deftroyed by the adlion of air and light. The affinity 
which each of them has for the different kinds of cloth 
has been already mentioned. 

2. Logwood is ufually employed as an auxiliary, be- 
caufe it communicates luitre, and adds conliderably to 
the fulnefs of the black. It is the wood of the tree 
called by Linnaeus hamatoxyliiin campechianumy which is 
a native of feveral of the Wed India iflands, and of 
that part of Mexico whiph furrouuds the bay of Hon- 
duras. It yields its colouring matter to water. The 
decotlion is at fxrlt a fine red bordering on violet, but 
if left to itfelf it gradually alfumes a black colour. A- 
cids give it a deep red colour; alkalies a deep violet, 
inclining to brown. Sulphat of iron renders it as black 
as ink, and occafions a precipitate of the fame colour. 

• » / // ^he precipitate produced by alum is dark red ; the i'u- 
” ° ^’pernatent liquid becomes yellowifh red *. 

3. Cloth, before it receive a black colour, is ufually 
dyed blue. This renders the colour much fuller and 
finer than it otherwife would be. If the cloth be 
coarfe, the blue dye may be too expenlive; in that cafe 
a brown colour is given by means of walnut peels. 

4. Wool is dyed black by the following procefs. It 
is boiled for two hours in a deco&ion of nut galls, and 
afterwards kept for two hours more in a bath compoled 
of logwood and fulphat of iron, kept during the whole 
time at a fcalding heat, but not boiled. During the 
operation it mufl be frequently expofed to the air; be- 
caufe the green oxide of iron, of which the fulphat is 
compofed, mult be converted into red oxide by abforb- 
ing oxygen, before the cloth can acquire a proper co- 
lour. The common proportions are five parts of galls, 
five of fulphat of iron, and 30 of logwood for every 
100 of cloth. A little acetite of copper is commonly 
added to the -fulphat of iron, becaufe it is thought to 
improve the colour. 

5. Silk is dyed nearly in the fame manner. It is 
capable of combining with a very great deal of tan ; the 
quantity given is varied at the pleafure of the artiil, by 
allowing the filk tc/ remain a longer or Ihorter time in 
the decoftion. After the galling, the filk is put into a 
iolution of fulphat of iron, which is ufually mixed with 
a certain quantity of iron filings and of gum. It is 
occafionally wrung out of the bath, expofed for fome 
titne to the air, and again immerfed. When it has ac- 
quired a fufficiently full colour, it is walhed in cold wa- 
ter, and afterwards Iteeped in a deco&ion of foap to 
take off the harfhnefs, which filk always has after being 
dyed black. 

6. It is by no means fo eafy to give a full black to 
linen and cotton. The cloth, previoufly dyed blue, is 
fteeped for 24 hours in a decodtion of nut galls. A 
bath is prepared, containing acetite of iron, formed by 
faturatiirg acetous acid with brown oxide of iron. In- 
to this bath the cloth is put in fmall quantities at a 
time, wrought wfith the hand for a quarter of an hour, 
then wrung out and aired, again wrought in a frefh 
quantity of the bath, and aftewards aired. Thefe al- 
ternate proceffes are repeated till the colour wanted is 
given. A deco&ion of alder bark is ufually mixed 
with the liquor containing the nut galls. 

It would probably contribute to the goodnefs and 
permanence of the colour, if the cloth, before being 

4JO 
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galled, were impregnated with dil, by being fteeped in Br<>wB. 
a mixture of alkaline ley and oil combined, as is prac-   j 
tifed for dyeing cotton red. 

Sect. V. Of Bro JVN. 

That particular brown colour, wn’th a call of yellow, 
which the French call fauve, and to which the Englifh 
writers on dyeing have appropriated the word fawn, 
though in facif a compound, is commonly ranked among 
fimple colours; becaufe it is applied to cloth by a fingle 
procefs. The fubftances employed to produce this co- 
lour are numerous ; but w-e (hall fatisiy ourfelves with 
enumerating the following: 

Walnut peels are the green covering of the wal-Brown 
nut. Wnen firft feparated, they are white internally ;dyes, 
but foon affume a brown, or even a black colour, on ex- 
poiure to the air. 1. hey readily yield their colouring 
matter to water. They are ufually kept in large cafks, 
covered with water, for above a year, before they are 
ufed. To dye wool brown with them, nothing more 
is neceffary than to Iteep the cloth in a decoclion of 
them till it has acquired the wifhed-for colour. The 
depth of the lhade is proportional to the ftrength of the 
decoftion. The root, as well as the peel of the wal- 
nut tree, contains the fame colouring matter, but in 
fmaller quantity. The bark of the birch, alfo, and 
many other trees, may be ufed for the fame purpofe. 

It is very probable, that the brown colouring matter 
is in thefe vegetable fubltances combined with tan. This 
is certainly the cafe in fumach, which is often employ- 
ed to produce a brown. This combination explains the 
reafon why no mordant is neceffary; the tan has a 
ftrong affinity for the cloth, and the colouring matter 
for the tan. The dye Huff and the mordant are al- 
ready, in faft, combined together. 

Chap. V. Of Compound Colours. 

Compound colours arc produced by mixing toge- 
ther two fimple ones ; or, wdiich is the fame thing, by 
dyeing cloth firft one fitnple colour, and then another. 
The refult is a compound colour, varying in fhade ac- 
cording to the proportions of each of the fimple co- 
lours employed. 

Compound colours are exceedingly numerous, vary-Diviiion of 
ing almoft to infinity, according to the proportions ofcompound 
the ingredients employed. They may be all arranged coiour8* 
under the four following clafles : 

Mixtures of 1. blue and yellow, 
2. blue and red, 
3. yellow and red, 
4. black and other colours. 

To deferibe all the different fhades which belong to 
each of thefe clafl'es, would be impolfible; and even if 
it were pofilble, it would be unneceffary ; becaufe all 
the proceffes depend upon the principles laid down in 
the preceding chapters, and may ealily be conceived 
and varied by thofe who underftand thefe principles. 
In the following fedtions, therefore, it will be fufficient 
to mention the principal compound colours produced 
by the mixture of fimpie colours, and to exhibit a fpe- 
cimen or two of the mode of producing them. 

Sect. I. Of Mixtures of Blue and Telloie. 

The colour produced by mixtures of blue and yellow 
is 
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Mixtures is green; which is diftinguKhed by dyers by a great 
f Blue and varjety 0f names, according to the depth of the ihade, 

fellow- or t]ie prevalence of either of the component parts. 
1 7 ' Thus we have Jea green, meadow or grafs green, pea 

•low to in-&c. &c. . . • c a u 
luce green Wool is ufually dyed green by giving it hrlt a blue co- 

455 lour, and afterwards dyeing it yellow ; becaufe, when the 
>n wool, yejjow js given, feveral inconveniences follow : the 

yellow partly feparates again in the blue vat, and commu- 
nicates a green colour to it ; and thus renders it ulelefs 
for every other purpofe, except dyeing green. Any of 
the precedes for dyeing blue, deferibed in the laft chap- 
ter, may be followed ; care being taken always to pro- 
portion the depth of the blue to the Oiade of green 
which is required. The cloth thus dyed blue may re- 
ceive a yellow colour, by following the precedes de- 
feribed in the lad chapter for that purpofe. When the 
fulphat of indigo is employed, it is tifual to mix all the 
ingredients together, and to dye the cloth at once : the 
colour produced is known by the name of Saxon, or 
Englijh green. One of the mod convenient methods of 
condudfing this procefs is the following : 

Six or eight parts of quercitron bark, tied up in a 
bag, are to be put into the dyeing vedel, which ihould 
contain only a fmall quantity of warm water. When 
the water boils, dx parts of murio fulphat of tin, and 
four parts of alum, are to be added. In a few minutes, 
the dyeing vedel fhould be dlled up with cold water, 
till the temperature is reduced to about 130°. After 
this, as much fulphat of indigo is to be poured in as is 
fufficient to produce the intended (hade of green. When 
the-whole has been fufficiently dirred, a hundred parts 
of cloth are to be put in, and turned brifkly for about 

* Bancroft, dfteen minutes, till it has acquired the vyiihed-for flyade*. 
i. 336. By this method, a much more beautiful colour is ob- 

tained than is given by the ufual procefs, ii\which fudic 
is employed to give the yellow diade. 

Silk, intended to receive a green colour, is ufually dyed 
yellow drft, by means of weld, according to the procefs 
deferibed in the lad chapter ; afterwards, it is dipped into 
the blue vat, and dyed in the ufual manner. 1 o deep- 
en the {hade, or to vary the tint, decodfions of log- 
wood, anotta, fullic, &c. are added to the yellow bath. 
Or dlk may be dyed at once green, by adding fuitable 
proportions of fulphat of indigo to the common querci- 
tron bark bath, compofed of four parts of bark, three 

f JJzV. 346. parts of alum, and two parts of murio-fulphat of tin-|'. 
p *51 Cotton and linen mud. be firfl dyed blue, and then 
amUinen yellow, according to the methods deferibed in the laft 

chapter. It is needlefs to add, that the depth of each 
of thefe colours muft be proportioned to the {bade ol 
green colour which it is the intention of the dyer to give. 

Sect. II. Of Mixtures of Blue and Red. 
• » Q 

Violet, The mixture of blue and red produces violet, purple, 
purple, and lilac, of various {hades, and known by various 
^c» names, according to the proportion of the ingredients 

employed. When the colour is deep, and inclines moft 
to blue, it is called violet; but when the red is preva- 
lent, it gets the name of purple. When the {hade is 
light, the colour is ufually called lilac. For violet, 
therefore, the cloth muft receive a deeper blue ; for 
purple, a deeper red; and for lilac, both of thefe co- 
lours muft be light. 

Wool is ufually dyed firft blue; the {hade* even for 
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violet, ought not to be deeper than that calledJhy blue f Mixtures 
afterwards it is dyed fcarlet, in the ufual manner. The0 

violets and purples are dyed firft ; and when the vat is 

45 ^ 
Silk, 

fomewhat exhaufted, the cloth is dipped in which is to 459 
receive the lilac, and the other lighter (hades. By How in- 
means of fulphat of indigo, the whole procefs may be^^0” 
performed at once. The cloth is firft alumed, and then ’ 
dyed in a veflel, containing cochineal, tartar, and ful- 
phat of indigo, in proportions fuited to the depth of ^ 
the colour required *. A violet colour may alfo be gi- Potrner' 
ven to wool, by impregnating it with a mordant com- 
pofed of tin diffolved in a mixture of fulphuric and mu- 
riatic acids, formed by dilfolving muriat of foda in ful- 
phuric acid : to which folution a quantity of tartar 
and fulphat of copper is added. The wool is then 
boiled in a deco&ion of logwood till it has acquired 
the wiftied-for colour-f. xille,Btr‘ 

Silk is firft dyed crimfon, by means of cochineal, mtholUt,\i. 
the ufual way, excepting only that no tartar, nor folu-331* 
tion of tin, is employed: It is then dipped into the^ 
indigo vat till it has acquired the wifhed-for (hade. The 
cloth is often afterwards pafted through an archil bath, 
which greatly improves the beauty of the colour. Ar- 
chil is often employed as a fubftitute for cochineal: The 
filk firft receives a red colour, in the ufual way, by 
being dyed in an archil bath ; afterwards it receives the 
proper ihade of blue. The violet, or purple, given by ^ 
this procefs is very beautiful, hut not very laftingf. 11.3^7/ ° 

Silk may be dyed violet or purple at once, by firft 
treating it with a mordant, compofed of equal parts of 
nitro-muriat of tin and alum, and then dipping it into 
a cochineal bath, into which a proper quantity of ful- 
phat of indigo has been poured. But this dye is fa- 
dintr; the blue colour foon decays, and the fiik be- B A* * Gudlicbe, comes red *. R , ,, ’ 

Cotton and linen are firft dyed blue, then galled, *' 
then foaked in a decodtion of logwood ; feme alum and 46i 
acetite of copper are added to the decodtion, and the Cotton, 
cloth is foaked again. This procefs is repeated till the“n^ ll0e0’ 
proper colour is obtained f. The colour produced by ** 
this method is not nearly equal in permanency to that 
deferibed in this Supplement under the word Iron ; to 
which we beg leave to refer the reader. The procefs 
there deferibed has been long known ; but Mr Chap- 
tal has Amplified it fomewhat. 

Sect. III. Of Mixtures of Yellow and Red. 4^2 

The colour produced by the mixture of red and 
low h orange ; but almoft an infinity of (hades refults * 
from the different proportions of the ingredients, and 
from the peculiar nature of the yellow employed. Some- 
times blue is combined with red and yellow on cloth : 
the refulting colour is called olive. 4^3 

Wool maybe dyed orange by preeifely the fame Pr°-^^‘on 
cefs which is ufed for fcarlet, only the proportion of red wooj 
muft be diminilhed, and that of yellow increafed. When 
wool is firft dyed red with madder, and then yellow with 
weld, the refulting colour is called cinnamon colour. The 
mordant, in this cafe, is a mixture of alum and tartar. 
The (hade may be varied exceedingly, by ufing other 
yellow dye ftuffs inftead of weld, and by varying the 
proportions, according to circumftances; Thus a red- 
di(h yellow may be given to cloth, by firft dyeing it 
yellow, and then palling it through a madder bath. 

Silk ia dyed orange by means of carthamus: the silk, 
method 



632 Dyeino SUB 
Mixtures method has been defcnbed i'.i the laft chapter. Cinna. 

with^other 1X1011 co^our 18 g‘ven t0 it by dyeing it, previoufly alum- 
Coloars. e<^’ 111 a bath compofed of the decoftions of logwood, 

c-—7 ■-». Brazil wood, and fuftic, mixed together. 
4^5 Cotton and linen receive a cinnamon colour by means 

line1'11 we^ anc* mn(^^er* rbf,e procefs is complicated. The cloth is firft dyed with weld and acetite of copper, 
then dipped in a folution of fulphat of iron, then gall- 
ed, then alumed, and then dyed in the ufual way with 

* &riBoIlet, madder *. 
ii. 344. For olive, the cloth is firft dyed bine, then yellow, 

and la illy pafted through a madder bath. The (hade 
depends upon the proportion of each of tbefe colours. 
For very deep fiiades the cloth is alfo dipped into a fo- 
lution of fulphat of iron. Cotton and linen may be dyed 
olive by dipping them into a bath, compofed of the de- 
coftion of four parts of weld and one of potafs, mixed 
with the deco^ion of Brazil wood and a little ticetite 

t &Apllg- of copper f. 
ibid. 

345" Sect. IV. Of Mixtures of Black with other Colours. 

Gre^ Strickly fpeaking, the mixtures belonging to this 
drabs, and fe&‘on are not mixtures of Hack colours with other co- 
browni lours, but combinations of the black dye with other co- 

lours ; the ingredients of which, galls and brown oxide 
of iron, being both mordants, varioufly modify other 
colouring matters by combining with them. Thus if 
doth be previoufly combined with brown oxide of iron, 
and afterwards dyed yellow with quercitron bark, the 
refult will be a drab of different (hades, according to 
the proportion of mordant employed. When the pro- 

. portion is fmall, the colour inclines to olive or yellow ; 
on the contrary, the drab may be deepened or fadden- 
ed, as the dyers fpeak, by mixing a little fumach with 
the bark *. The precautions formerly mentioned in 
applying the oxide mull be obferved. 

It is very common to dip cloth already dyed fome 
particular colour into a folution of fulphat of iron, and 
galls or fome other fubftance containing tan, called the 
black lathy in order to alter the (hade, and to give the 
colour greater permanency. We (hall give a few in- 
Itances : greater minutenefs would be inconfiftent with 
the nature of this article. 

Cloth dyed blue, by being dipped into the black bath, 
becomes bluijlj grey. Cloth dyed yellow, by the fame 
procefs, becomes blacki/lo grey, drab, or yellowifh brown. 
Cloth previoufly alumed, and dyed in a decoction of co- 
chineal and acetite of iron, acquires a permanent violet 
colour inclining to brown, or a lilac, if the dyeing vef- 
fel be fomewhat exhaufted *. Cloth ffeeped in a mor- 
dant, compofed of alum and acetite of iron diffolved in 
water, and afterwards dyed in a bath compofed of the 
deco&ion of galls and madder mixed together, acquires 
a fine deep brown. The method of varying the (hades 
of linen and cotton will be readily conceived, after we 
have given an account of calico printing, which forms 
the fubjedt of the next chapter. 

Chap. VI. Of Calico Printing. 

Calico printing is the art of communicating diffe- 
rent colours to particular fpots or figures on the fur- 
face of cotton or linen cloth, while the reft of the fluff 
retains its original whitenefs. 

* Banffft, 
i. 343. 

Cubliche, 
Jiertbollet, 
u. J49. 
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This ingenious art feems to have originated in India, Calico 

where we know it has been practifed for more than Minting. 
2000 years. Pliny indeed informs us, that the Egyp-  ' 
tians were acquainted with calico printing ; but a va-Or^m 0r 
riety of circumftances combine to render it more than calico 
probable that they borrowed it from India. The artPrillti!1g> 
has but lately been cultivated in Europe ; but the en- 
lightened induftry of our manufacturers has alreadv im- 
proved prodigioufly upon the tedious proceffes of "their 
Indian inafters. No art has rifen to perfection with 
greater celerity : a hundred years ago it was fcarcely 
known in Europe ; at prefent, the elegance of the pat- 
terns, the beauty and permanency of the colours, and 
the expedition with which the different operations are 
carried on, are really admirable. 

A minute detail of the proceffes of calico printing 
would not only be foreign to the plan of this article, 
but of very little utility. To the artift the procefl'es 
are already known; an account of them therefore could 
give him no new information ; while it would fatigue 
and difappoint thofe readers who wiffi to underftand 
the principles of the art. We (hall content ourfelves, 
therefore, with a fliort view of thefe principles. 

Calico printing confifts in impregnating thofe partsIt 
of the cloth which are to receive a colour with a mor-in apply- 
dant, and then dyeing it as ufual with fome dye fluffing mor- 
or other. The dye fluff attaches itfelf firmly only dants par- 
that part of the cloth which has received the mordant.tiaHy ta 

The whole furface of the cotton is indeed more or lefsL0LtOn, 

tinged; but by waffling it, and bleaching it for fome 
days on the grafs with the wrong fide uppermoft, all 
the unmordanted parts refume their original colour, 
while thofe which have received the mordant retain it. 
Let us fuppofe that a piece of white cotton cloth is to 
receive red (tripes ; all the parts where the (tripes are 
to appear are penciled over with a foluticn of acetite 
of alumina. After this, the cloth is dyed in the ufual which is 
mainiti with maddei. "When taxen out of the dyeing-‘-fterwards 
veffel, it is all of a red colour; but by wafliing and^y6^ an<f 
bleaching, the madder leaves every part of the cloth', eacuc^* 
white except the (tripes impregnated with the acetite 
of alumina, which remain red. In the fame manner, 
may yellow (tripes, or any other wiflted-for figure, be 
given to cloth, by fubltituting quercitron bark, weld. 
See. for madder. 

When different colours are to be given to different 
parts of the cloth at the fame time, it is done by im- 
pregnating it with various mordants. Thus if (tripes 
be drawn upon a cotton cloth with acetite of alumina, 
and other (tripes with acetite of iron, and the cloth be 
afterwards dyed in the ufual way with madder, and 
then waffled and bleached, it will be ftriped red and 
brown. The fame mordants with quercitron bark give 
yellow, and olive or drab, 

T. ne mordants employed in calico printing are ace*Mordants 
tite of alumina and acetite of iron, prepared in the man-im^ioyed* 
ner deferibed in the third chapter of this part. Thefe 
mordants are applied to the cloth, either with a pencil 
or by means of blocks, on which the pattern, according 
to which the cotton is to be printed, is cut. As they 
are applied only to particular parts of the cloth, care 
muft be taken that none of them fpread to the part of 
the cloth which is to be left white, and that they do 
not interfere with one another when more than one are 

applied. 
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applied. If thefe precautions be not attended to, all 
the elegance and beauty of the print mull be dellroy- 
ed. It is neceflary, therefore, that the mordants Ihould 
be of fuch a degree of conlillence that they will not 
fpread beyond thofe parts of the cloth on which they 
are applied. This is done by thickening them with 
flour or llarch when they are to be applied by the 
block, and with gum arabic when they are to be put 
on with a pencil. The thickening Ihould never be 
greater than is fufficient to prevent the fpreading of 
the mordants; when carried too far, the cotton is apt 
not to be fufficiently faturated with the mordant ; of 
courfe the dye takes but imperfeftly. 

In order that the parts of the cloth impregnated 
with mordants may be diftinguifhed by their colour, it 
is ufual to tinge the mordants with fome colouring 
matter or other. The printers commonly ufe the de- 
codtion of Brazil wood for this purpofe ; but Bancroft 
has objedled to this method, becaufe he thinks that the 
Brazil wood colouring matter impedes the fubfequent 
procefs of dyeing. It is certain, that the colouring 
matter of the Brazil wood is difplaced during that ope- 
ration by the fuperior affinity of the dye fluff for the 
mordant. Were it not for this fuperior affinity, the 

• Bancroft, colour would not take at all. Dr Bancroft * advifes 
»* 373* to colour the mordant with fome of the dye fluff after- 

wards to be applied; and he cautions the ufing of more 
for that purpofe than is fufficient to make the mordant 
diflinguifhable when applied to the cloth. The reafon 
of this precaution is obvious. If too much dye be 
mixed with the mordant, a great proportion of the mor- 
dant will be combined with colouring matter; which 
muff weaken its affinity for the cloth, and of courfe 
prevent it from combining with it in fufficient quantity 
to enfure a permanent dye. 

Sometimes thefe two mordants are mixed together in 
different proportions ; and fometimes one or both is 
mixed with an infufion of fumach or of nut galls. By 
thefe contrivances, a great variety of colours are produ- 
ced by the fame dye fluff. 

After the mordants have been applied, the cloth 
mull be completely dried. It is proper for this purpofe 

of the cloth. emp]0y artificial heat, which will contribute fome- 
thing towards the feparation of the acetous acid from 
its bafe, and towards its evaporation ; by which the 
mordant will combine in a greater proportion, and more 
intimately with the cloth. 

When the cloth is fufficiently dried, it is to be wafh- 
ed with warm water and cow dung, till all the flour or 
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gum employed to thicken the mordants, and all thofe Calico 
parts of the mordants which are tmcombined with the llIlting' 
cloth, are removed. The cow dung ferves to entangle 
thefe loofe particles of mordants, and to prevent them 
from combining with thofe parts of the cloth which are 
to remain white. After this the cloth is thoroughly 
rinfed in clean water. 

Almofl the only dye fluffs employed by calico prin- Dye iluffj 
ters are, indigo, madder, and quercitron bark or weld. ufed. 
This lad fubitance, however, is now' but little ufed by 
the printers c.f this country, except for delicate greenifh 
yellows. The quercitron bark has almofl fuperfeded it; 
becaufe it gives colours equally good, and is much 
cheaper, and more convenient, not requiring fo great a 
heat to fix it. Indigo, not requiring any mordant, is 
commonly applied at once either with the block or a 
pencil. It is prepared by boiling together indigo, pot- 
afs made caullic by quicklime, and orpiment: the fo- 
lution is afterwards thickened with gum (k). It muff 
be carefully fecluded from the air, othdrwife the indigo 
would foon be regenerated, w'hich would render the 
folution ufelefs. Dr Bancroft has propofed to fubfli- 
tute coarfe brown fugar for orpimeut. It is equally ef- 
ficacious in decompofing the indigo and rendering it 
foluble; while it likewife ferves all the purpofes of 
gum *. * Bancroft, 

When the cloth, after being impregnated with thei-i*0* 
mordant, is fufficiently cleanfed, it is dyed in the ufual 
manner. The whole of it is more or lefs tinged with 
the dye fluff. It is well wafhed, and then fpread out 
for fome days on the grafs, and bleached with the wrong 
fide uppermoft. This carries the colour off completely 
from all the parts of the cotton which has not imbibed 
the mordant, and leaves them of their original wdiite- 
nefs, while the mordanted fpots retain the dye as flrong- 
ly as ever. 

Let us now give an example or two of the manner 
in which the printers give particular colours to cali- 
coes. Some calicoes are only printed of one colour, 
others have two, others three, or more, even to the num- 
ber of eight, ten, or twelve. The fmaller the number 
of colours, the fewer in general are the precedes. 

I. One of the moil common colours on cotton prints Method of 
is a kind of nankeen yellow, of various ihades, down toPrint>ng 
a deep yellovvilh brown or drab. It is ufually in llripes<‘lra^s‘ 
or fpots. To produce it, the printers befmear a block, 
cut out into the figure of the print, with acetite of iron 
thickened with gum or flour ; apply it to the cotton ; 
which,afterbeing dried andcleaned inthe ufual manner,is 

4 L plunged 

(k) Different proportions are ufed by different perfons. Mr Hauffman mixes 25 gallons of water with 16 
pounds of indigo well ground (or a greater or fmaller quantity, according to the quality of the indigo and 
the depth of colour wanted) ; to which he adds 30 pounds of good carbonat of potafs, placing the whole over a 
fire ; and as foon as the mixture begins to boil, he adds, by a little at a time, 1 2 pounds of quicklime, to render 
the alkali cauffic, by abforbing its carbonic acid. This being done, 12 pounds of red orpiment are alfo added 
to the mixture ; which is then ffirred, and left to boil for fomc little time, that the indigo may be perfectly dif- 
folved ; which may be known by its giving a yellow colour immediately upon being applied to a piece of white 
tranfparent glafs. M. Oberkampf, proprietor of the celebrated manufaftory at Jouy near Verfailles, ufes a third 
more of indigo ; and others ufe different proportions, not only of indigo, but of lime, potafs, and orpiment; 
which all feem to anfwer with nearly equal fuccefs : but with the bed copper-coloured Guatamala indigo, it is 
certain that a good blue may be obtained from only half the quantity preferibed by Mr Hauffman, by ufing as 
much ftoue, or oyiter Ihell lime, as of indigo, nearly twice as much potafs, and a fourth part lefs of orpiment 
than of indigo. See Bancrojt, 1. 113. 
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plunged into a potafs ley 
iron is always proportioned to the depth of the intends 
ed fhade. 

2. 1'or yellow, the block is befmeared with acetite of 
alumina. The cloth, after receiving this mordant, is 
dyed with quercitron bark, and then bleached. 

3. Red is communicated by the fame procefs, only 
madder is iubftituted for the bark. 

4. The fine light blues, which appear fo often on 
printed cottons, are produced, by applying to the doth 
a block beimeared with a compolition, confilling part- 
ly of wax, which covers all thofe parts of the cloth 
which are to remain white. The cloth is then dyed 
in a cold indigo vat ; and after it is dry, the wax com- 
pofition is removed by means of hot water. 

Js Lilac, flea brown, and blackilh brown, are given 
by means of acetite of iron ; the quantity of which is 
always proportioned to the depth of the fhade. For 
very deep colours, a little fumach is added. The cot- 
ton is afterwards dyed in the ufual manner with mad- 
der, and then bleached. 

.6. Dove colour and drab, by acetite of iron and 
quercitron baik. 

When different colours are to appear in the fame 
print, a greater number of operations are neceffary. 
Two or more blocks are employed, upon each of which 
that part of the print only is cut which is to be of fome 

tionofdif Part^cu^ar co^our• Thefe are befmeared with different 
ferent co- mordants and applied to the cloth, which is afterwards 
lours to the dyed as ufual. Let us fuppofe, for inftance, that three 
fame cloth, blocks are applied to cotton ; one with acetite of alu- 

mina, another with acetite of iron, a third with a mix- 
ture of thefe two mordants, and that the cotton is then 
dyed with quercitron bark, and bleached. The parts 
impregnated with the mordants would have the follow- 
ing colours. 

Dyeing SUBSTANCES. Part. Ill, 
r‘ quantity of acitite of yellow tinge is eafily removed by the fubfequent bltach- Calico 

ing. Sometimes a new mordant is alfo applied to fome Printing, 
of the madder colours ; in confequence of which they 
receive a new permanent colour from the bark. After 
the laft bleaching, new colours may be added by means 
of the indigo liquor. The following table will give au 
idea of the colours which may be given to cotton by 
theie complicated proceffes. 

I. Madder dye. 
Acetite of alumina, 

iron, 
Ditto diluted 
Both mixed, ... 

Colours. 
Red, 
Brown, black, 
Lilac, 
Purple. 

478 
Lilac, 
brown, 
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And dove. 

4S0. 
Applica- 

Acetite of alumina, 
iron. 

The mixture, - - 

Yellow, 
OJive, drab, dove (l), 
Olive green, olive. 

If part of the yellow be covered over with the indigo 
liquor, applied with a pencil, it will be converted into 
green ; By the fame liquid, blue may be given to fuch 
parts of the print as require it. 

If the cotton be dyed with madder inftead of querci- 
tron bark, the print will exlubit the following colours : 

Acetite of alumina, - - - Red, 
- - - - Brown, black. 

The mixture, Purple. 

When a greater number of colours are to appear; 
for inftance, when thofe communicated by bark and 
thofe by madder are wanted at the fame time, mor- 
dants for part of the pattern are to be applied ; the cot- 
ton is then to be dyed in the madder bath and bleached ; 
then the reft of the mordants, to fill up the pattern, are 
added, and the cloth is again dyed with quercitron bark 
and bleached. This fecond dyeing does not much af- 
fe£t the madder colours j becaufe the mordants, which 
render them permanent, are already faturated. The 

II. Bark dye. 
Acetite of alumina, - - . 

iron, - _ - _ 
Lilac and acetite of alumina, 
Red and acetite of alumina, 

Yellow, 
Dove, drab, 
Olive, 
Orange. 

481 
'7o.ours for 

III. Indigo dye. 
Indigo, - - . Blue, 
Indigo and yellow, - - Green. 

Thus no lefs than 12 colours may be made to appear 
together in the fame print by thefe different procefles. 

Thefe inftances will ferve to give the reader an idea 
of the nature of calico printing, and at the fame time 
afford an excellent illuftration of the importance of mor- 
dants in dyeing. 

If it were poflible to procure colours fufficiently per- ,, 
manent, by applying them at once to the cloth by the j 
block or the pencil, as is the cafe with the mordants/ 0 

the art of calico printing would be brought to the 
greateft pollible fimplicity: but at prefent this can on- 
ly be done in one cafe, that of indigo; every other co- 
lour requires dyeing. Compofitions indeed may be 
made by previoufiy combining the dye fluff and the 
mordants. Thus yellotv may be applied at once by em- 
ploying a mixture of the infulion of quercitron bark and 
acetite of alumina ; red, by mixing the fame mordant 
with the decodtion of alumina, and fo on. Unfortu- 
nately the colours applied in this way are far inferior in 
permanency to thofe produced when the mordant is 
previoufiy combined with the cloth, and the dye fluff' 
afterwards applied feparately. In this way are applied 
almoft all the fugitive colours of calicoes which wafhing 
or even expofure to the air deftroys. 

As the application of colours in this way cannot al- 
ways be avoided by calico printers, every method of 
rendering them more permanent is an objeft of import- 
ance. We fhall therefore conclude this chapter with a 
defeription of feveral colours of this kind propofed by 
Dr Bancroft, which have a confiderable degree of per- 
manence. 

A yellow printing colour may be formed by the fol- 
lowing method : Let three pounds of alum, and three 
ounces of clean chalk, be firft diffolved in a gallon of 
hot water, and then add two pounds of fugar of lead ; 
ftir this mixture occafionally during the fpace of 24 or 
36 hours, then let it remain 12 hours at reft, and af- 
terwards decant and preferve the clear liquor ; this be- 

ing 

(L) According to the proportion of acetite of iron employed 
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Calico Ing done, pour fo much more warm writer upon the re- 

Pnnting. gaining fediment, as after flirring and leaving the mix- 
ture to fettle will afford clear liquor enough to make, 
when mixed with the former, three quarts of this alu- 
minous mordant or acetite of alumine. Then take not 
lefs than fix, nor more than eight, pounds of querci- 
tron bark properly ground ; put this into a tinned cop- 
per veffel, with four or five gallons of clean foft water, 
and make it boil for the fpace of one hour at leait, add- 
ing a little more water, if at any time the quantity of 
liquor fhould not be fufficient to cover the furface of 
the bark : the liquor having boiled fufficiently, fhould 
be taken from the tire, and left undiflurbed for half an 
hour, and then the clear decodtion fhould be poured off 
through a fine lieve or canvas flrainer. This being done, 
let fix quarts more of clear water be poured upon the 
fame bark, and made to boil ten or fifteen minutes, 
both having been firfl well flirred ; and being after- 
wards left a fufficient time to fettle, the clean decoc- 
tion may then be ftrained off, and put with the former 
into a fhallow wide vefi'el to be evaporated by boiling, 
until what remains, being joined to the three quarts of 
aluminous mordant before mentioned, and to a fufficient 
quantity of gum or pafle for thickening, will barely 
fuffice to make three gallons of liquor in the whole. It 
will be proper, however, not to add the aluminous mor- 
dant, until the decodion is fo far cooled as to be but 
little more than blood warm ; and thefe being thorough- 
ly mixed by flirring, may afterwards be thickened by 
the gum of Senegal or by gum arabic, if the mixture is 

intended for penciling ; or by a pafle trfade with {larch Calico 
or flour, if it be intended for printing. Printing. ^ 

By fubftituting a pound of murio fulphat of tin for v~"" 
the aluminous mordant in the above compoiition, a mix- 
ture may be formed which affords a very bright and full 
yellow, of confiderable durability. 

Sulphat of tin, mixed with a deco&ion of quercitron 
bark, communicates to cotton a cinnamon colour, which 
is fufficiently permanent*. #Bancroft' 

When the decodions of quercitron bark and log-i-400- 
wood are boiled together, and fuitable proportions of 
fulphat of copper and of verdigris are added to them, 
with a little carbonat of potafs, a compound is formed 
which gives a green colour to cotton. Bancroft has 
made trial of this; and though it has not fully anfwer- 
ed his expedation, his attempts were attended with fuf- 
ficient fuccefs to determine him to perfevere in his ex- 
periments j*. f Ibid, 4OI. 

If acetite of iron be mixed with a decodion of quer- 
citron bark, and the mixture be properly thickened, the 
compound will communicate to cotton a drab colour of 
fome durability. This compound, mixed with the 
olive colouring liquor above deferibed, will produce an 
olive. If a folution of iron, by a diluted muriatic acid, 
or by a diluted nitric acid, be employed for this pur- 
pofe inflead of iron liquor, it will produce colours a 
little more lafling; but thefe folutions fhould be em- 
ployed fparingly, that they may not hurt the texture 
of the linen or cotton to which they are intended to be 
applied. 

Siib triple 
11 

Sulphuret. 

SUL 
SUBTRIPLE, is when one quantity is the 3d part 

of another; as 2 is fubtriple of 6. And Subtriple Ratio 
is the ratio of 1 to 3. 

SUBTRIPLICATE ratio, is the ratio of the 
cube roots. So the fubtriplicate ratio of a to b, is the 

I I 
ratio of 3 tfa to 3 o/b, or of aT to bx. 

SUCCESSION of signs, in aflronomy, is the or- 
der in which they are reckoned, or follow one another, 
and according to which the fnn enters them ; called alfo 
confequentia. As Aries, Taurus, Gemini, Cancer, &c. 

* W. Hig- SULPHURET of lime having lately been recom- 
gwt, M. mended by an eminent chemifl* as a fubllitute for pot- 

ajh in the new method of bleaching, which, if it an- 
fwer, may certainly be afforded at lefs expence, we fhall 
here give the method of preparing the fulphuret. 

Take of fulphur, or brimftone in fine powder, four 
pounds ; lime, well flaked and lifted, twenty pounds ; 
water fixteen gallons :—thefe are all to be well mixed 
and boiled for about half an hour in an iron veffel, ftir- 
ring them brifkly from time to time. Soon after the 
agitation of boiling is over, the folution of the fulphu- 
ret of lime clears, and may be drawn off free from the 
infoluble matter, which is confiderable, and which refls 
upon the bottom of the boiler (a). The liquor in this 

Sun. 

SUN 
flate is pretty nearly of the colour of fmall beer, but Sulphuret, 
not quite fo tranfparent. 

Sixteen gallons of frefh water are afterwards to be 
poured upon the infoluble dregs in the boiler, in order 
to feparate the whole of the fulphuret from them. When 
this clears (being previoufly well agitated), it is alfo to 
be drawn off and mixed with the firfl liquor; to thefe 
again thirty-three gallons more of water may be added, 
which will reduce the liquor to a proper flandard for 
fleeping the cloth. 

Here we have (an allowance being made for evapo- 
ration* and for the quantity retained in the dregs) fixty 
gallons of liquor from four pounds of brimftone. 

Although fulphur by itfelf is not in any fenlible de- 
gree foluble in water, a*d lime but very fparingly fo, 
water diffolving but about one feven-hundredth part of 
its weight of lime ; yet the fulphuret of lime is highly 
foluble. 

When the above proportion of lime and fulphur is 
boiled with only twelve gallons of water, the fulphuret 
partly cryftallizes upon cooling ; and when once cryflal- 
lized it is not eafy of .folution. 

SUN (fee Astronomy-/W<?x, Encycl.) is certainly 
that celeflial body which, of all others, fhould mofl at- 
tra6l our attention. It has accordingly employed muck 

4 L 2 of 

(a) Although lime is one of the conflituent principles of the fulphuret, yet being fo intimately united to the 
fulphur, it has no longer the property of lime ; upon the fame principle that fulphuric acid in fulphat of potafti 
has not the property of that acid. 
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of the time and meditation, not only of the aftronomer 
but a!fo of the fpeculative philofopher, In all ages of the 
world ; and many hypothefes have been formed, and 
feme dlfeoveries made, refpefting the nature and the 
ufes of this vaft luminary. 

Sir Ifaac Newton has {hewn, that the fun, by its at- 
tractive power, retains the planets of ourfyilem in their 
orbits : he has alfo pointed out the method whereby 
the quantity of matter which it contains may be ac- 
curately determined. Dr Bradley has affigned the ve- 
locity of the folar light with a degree of precifion ek- 
cteding our utmoft expectation. Gallileo, Scheiner, 
Hevehus, Cafiini, and others, have afeertained the rota- 
tion of the fun upon its axis, and determined the poli- 
tion of its equator. By means of the tranlit of Venus 
over the difk of the fun, our mathematicians have cal- 
culated its diftance from the earth, its real diameter and 
magnitude, the denfity of the matter of which it is com- 
poied, and the fall of heavy bodies on its furface. We 
have therefore a very clear notion of the valt import- 
ance and powerful influence of the fun on its planetary 
iyftem ; but with regard to its internal con it ruCtion, 
we are yet extremely ignorant. Many ingenious con- 
jectures have indeed been formed on the fubjeCl ; a few 
of which we fnall mention as an introduction to Dr 
.Herfchel’s, of which, as it is the lateft, and perhaps the 
inofl. plaufible, we fhall give a pretty full account near- 
ly in his own words. 

The dark fpots in the fun, for inftanee, have been 
fiippofed to be foil'd bodies revolving very near its fur- 
face. They have been conjeCtured to be the fmoke of 
volcanoes, or the feum floating upon an ocean of fluid 
matter. They have alfo been taken for clouds. They 
were explained to be opaque mafles fwimming on the 
fluid matter of the fun, dipping down occafionally. It 
has been fuppofed that a fiery liquid furrounded the 
fun, and that by its ebbing and flowing the higheil 
p3rts of it were occafionally uncovered, and appeared 
under the fhape of dark fpots : and that by the return 
of the fiery liquid, they were again covered, and in that 
manner fucceflively affumed different phafes. The fun 
itfelf has been called a globe of fire, though perhaps 
metaphorically. The wafte it would undergo by a gra- 
dual confumption, on the fuppofition of its being ig- 
nited, has been ingenioufly calculated ; and in the fame 
point of view its immtnfe power of heating the bodies 
of fuch comets as draw very near to it has been ai- 
figned. 

In the year 1779 there was a fpot on the fun which 
was large enough to be feen with the naked eye. By 
a view of it with a feven feet refieCtor, charged with a 
very high power, it appeared to be divided into two 
parts. The largeft of the two, on the 19th of April, 
meafured 1' 8'' .06 in diameter, which is equal in length 
to more than 31,000 miles. Both together mutt cer- 
tainly have extended above 50,000. The idea of its 
being occafioned by a volcanic explofion violently dri- 
ving away a fiery fluid, ought to be rejeCled (fays Dr 
Herfchel) on many accounts. “ To mention only one, 
the great extent of the fpot is very unfavourable to fuch 
a fuppofition. Indeed a much lefs violent and lefs per- 
nicious caufe may account for all the appearances of the 
fpot. When we fee a dark belt near the equator of the 
planet Jupiter, we do not recur to earthquakes and vol- 
canoes for its origin. An atmofphere, with its natural 

changes, will explain fuch belts. Our fpot on the fun Sun. 
may be accounted for on the fame principles. The 
earth is furrounded by an atmofphere compofed of va- 
rious elaflic fluids. The fun alfo has its atmofphere; 
and if fome of the fluids which enter into its compoii- 
tion fhould be of a fliining brilliancy, in the manner 
that w ill be explained hereafter, while others are merely 
tranfparent, any temporary caufe which may remove the 
lucid fluid will permit us to fee the body of the fun 
through the tranfparent ones. If an obferver were 
placed on the moon, he would fee the folid body of the 
earth only in thofe places where the tranfparent fluids 
of our atmofphere would permit him. In others, the 
opaque vapours would reflect the light of the fun with- 
out permitting his view to penetrate to the furface of 
our globe. He would probably alfo find, that our pla- 
net had occafionally fome fhining fluids in its atmo- 
fphere ; as, not unlikely, fome of our northern lights 
might not efcape his notice, if they happened in the un- 
enlightened part of the earth, and were feen by him in 
his long dark night. Nay, we have pretty good reafon 
to believe, that probably all the planets emit light in 
fome degree ; for the illumination which remains on 
the moon in a total eclipfe cannot he entirely aferibed 
to the light which may reach it by the reffaftion of the 
earth’s atmofphere. For in (lance, in the eclipfe of the 
moon Odober 22. 1790, the rays of the fun refrafted 
by the atmofphere of the earth towards the moon, ad- 
mitting the mean horizontal refraftion to be 30' 5c/' .8, 
would meet in a focus 189,000 miles beyond the moon ; 
fo that confequently there could be no illumination from 
rays refracted by our atmofphere. It is, however, not 
improbable, that about the polar regions of the earth 
there may be refraction enough to bring fome of the 
folar rays to a Ihorter focus. The diftance of the moon 
at the time of the eclipfe would require a refra&ion of 
54/ 6', equal to its horizontal parallax at that time, 
to bring them to a focus fo as to throw light on the 
moon. 

The unenlightened part of the planet Venus has alfo 
been feen by different perfons ; and not having a fatel- 
lite, thofe regions that are turned from the fun cannot 
poifibly fhine by a borrowed light ; fo that this faint 
illumination mint denote fome phofphoric quality of the 
atmofphere of Venus. 

In the inftance of the large fpot on the fun already 
mentioned. Dr Herfchel concludes, from appearances, 
that he viewed the real body of the fun itfelf, of which 
we rarely fee more than its fhining atmofphere. In 
the year 1783 he obferved a fine large fpot, and follow- 
ed it up to the edge of the fun’s limb. Here he took 
notice that the fpot was plainly deprefled below the fur- 
face of the fun, and that it had very broad fhelving 
fides. He alfo fufpeCled fome part, at leafl, of the 
fhelving fides to be elevated above the furface of the 
fun ; and obferved that, contrary to what ufually hap- 
pens, the margin of that fide of the fpot which was far- 
theft from the limb was the broadefl. 

The luminous fhelving fide of a fpot may be explain- 
ed by a gentle and gradual removal of the fhining fluid, 
which permits us to fee the globe of the fun. As to 
the uncommon appearance of the broadefl margin being 
on that fide of the fpot which was farthefl from the 
limb when the fpot came near the edge of it, we may 
furmife that the fun has inequalities on its furface, which 

may 
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Sun. may pofllbly be the caufe of It. 

—V—ous countries are expofed, if it fhould chance that the 
higheft parts of the landfcape are fituated fo as to be 
near that fide of the margin or penumbra of the fpot 
which is towards the limb, they may partly intercept 
our view of it when the fpot is feen very obliquely. 
This would require elevations at leaft five or fix hun- 
dred miles high ; but confidering the great attraction 
exerted by the fun upon bodies at its furface, and the 
flow revolution it has upon its axis, we may readily ad- 
mit inequalities to that amount. From the centrifu- 
gal force at the fun’s equator, and the weight of bodies 
at its furface, he computes, that the power of throwing 
down a mountain by the exertion of the former, balan- 
ced hy the fuperior force of keeping it in its place of 
the latter, is near 6t times lefs on the fun than on our 
equatorial regions ; and as an elevation limilar to one 
of three miles on the earth would not be lefs than 334 
miles on the fun, there can be no doubt but that a 
mountain much higher would ftand very firmly. The 
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For when mountain- break out in the middle of the fun, becaufe they are no 

longer covered by the fide-views of thefe faculae. 
The Doftor gives a very particular account of all his 

obfervations, which feem to have been accurately made, 
and we need fcarcely add with excellent telefcopes. 
For that account, however, we mult refer to the me- 
moir itfelf, and halten to lay before our readers the re- 
fult of his obfervations. “ That the fun (fays he) has 
a very extenfive atmofphere, cannot be doubted ; and 
that this atmofphere confifts of various elaftic fluids, that 
are more or lefs lucid and tranfparent, and of which the 
lucid one is that which furnjfties us with light, feems 
alfo to be fully eftablifhed by all the phenomena of its 
fpots, of the faculae, and of the lucid furface itfelf. 
There is no kind of variety in thefe appearances but 
what may be accounted for with the greatell facility, 
from the continual agitation which, we may eafily con- 
ceive, muft take place in the regions of fuch extenfive 
elaftic fluids. 

“ It will be neceflary, however, to be a little more 

Sun. 

mountain mucn nigner woma uana vciy ninny. ax'-   , '' . , • , r r r 1, 
little denfity of the folar body feems alfo to be in favour particular as to the manner in which I fuppofe the lu- 

r 1 •  riA fluid nf the fun to be generated in its atmofphere. of the height of its mountains ; for, cateris parilus 
denfe bodies will fooner come to their level than rare 
ones. The difference in the vanifhing of the (helving 
fide, inftead of explaining it by monntaiifS, may alfo, 
and perhaps more fatisfaftorily, be accounted for from 
the real difference of the extent, the arrangement, the 
height, and the intenfity of the fhining fluid, added to 
the occafional changes that may happen in thefe parti- 
culars during the time in which the fpot approaches to 
the edge of the difk. However, by admitting large 
mountains on the face of the fun, we (hall account for the 
different opinions of two eminent aftronomers ; one of 
whom believed thefpots depreffed belowthe furfaceof the 
fun, while the other believed them elevated above it. For 
it is not impoflible that fome of the folar mountains may 
be high enough occalionally to projeft above the fhining 
elaftic fluid, when, by fome agitation or other caufe, it 
is not of the ufual height ; and this opinion is much 
ftrengthened by the return of fome remarkable fpots 
which ferved Caffini to afcertain the period of the fun’s 
rotation. A very high country, or chain of mountains, 
may oftener become vilible, by the removal of the ob- 
ftruCting fluid, than the lower regions, on account of its 
not being fo deeply covered with it. 

In 1791 the Do&or examined a large fpot on the 
fun, and found it evidently depreffed below the level of 
the furface. In 1792 he examined the fun with feveral 
powers from 90 to ^oo, when it appeared evidently, 
that the black fpots are the opaque ground, or body of 
the fun ; and that the luminous part is an atmofphere, 
which, being interrupted or broken, gives us a tranfient 
glimpfe of the fun itfelf. He perceived likewife, that 

cid fluid of the fun to be generated in its atmofphere. 
An analogy that may be drawn from the generation of 
clouds in our own atmofphere, feems to be a very pro- 
per one, and full of inftru&ion. Our clouds are pro- 
bably decompofitions of fome of the elaftic fluids ot the 
atmofphere itfelf, when fuch natural caufes, as in this 
grand chemical laboratory are generally at woik, adt 
upon them : we may therefore admit, that in the very 
extenfive atmofphere of the fun, from caufes of the fame 
nature, fimilar phenomena will take place ; but with 
this difference, that the continual and very extenfive de- 
compofitions of the elaftic fluids of the fun are of a 
phofphoric nature, and attended with lucid appearances, 
by giving out light. 

“ If it fhould be objeaed, that fuch violent and un- 
remitting decompofitions would exhauft the fun, we 
may recur again to our analogy, which will furnifh us 
with the following refleaions. The extent of our own 
atmofphere, we fee, is ftill preferved, notwithftanding 
the copious decompofitions of its fluids in clouds am1 

falling rain ; in flafhes of lightning, in meteors, and 
other luminous phenomena ; becaufe there are frefh fup- 
plies of elaftic vapours continually afcendmg to matte 
good the wafte riccafioUed by thofe decompofitions. But 
it may be urged, that the cafe with the decompofition 
of the elaftic fluids in the folar atmofphere would be 
very different, fince light is emitted, and does not re- 
turn to the fun, as clouds do to the earth when they 
defend in {bowers of rain. 1 o which I anfwei, that, 
in the decompofition of phofphoric fluids, eveiy other 
ingredient but light may alfo return to the body of tbe 
fun. And that the emiffion of light muft wafte the giimpie 01 Tue iuii men. -11c pciemv-u w    ^ r , , 

the fhining furface of the fun is unequal, many parts of fun, is not a difficulty that can be oppofed to our hy- • » • 1.1 , , j   /r_a .  j .1.~.t ^ so if iq an evident fud! that the fun d(^es it being elevated and others depreffed ; and that the 
elevations, to which Hevelius gave the name of facuta, 
fo far from refemblmg torches, were rather like the fliri- 
velled elevations upon a dried apple, extended in length, 
and moft of them joined together, making waves or wa- 
ving lines. The faculse being elevations, very fatisfac- 
torily explains the reafon why they difappear towards 
the middle of the fun, and reappear on the other mar- 
gin ; for about the place where we lofe them, they be- 
gin to be edgewife to our view ; and if between the fa- 
cuke fhould lie dark fpots, they will moft frequently 

pothefis : for as it is an evident faift that the fun does 
emit light, the fame objeftion, if it could be one, would 
equallf militate againft every other affignable way to 
account for the phenomenon. 

a There are, moreover, confiderations that may leffen 
the preffure of this alledged difficulty. We know the 
exceeding fubtihty of light to be fuch, that in ages of 
time its emanation from the fun cannot very fenfibly 
Men the fize of this great body. To this may be 
added, that very poffibly there may always be ways of 
reftoration to compenfate lor what is loft by the emif- 

fion? 
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Sun. iion ©flight, though the manner in which this can be 

brought about fhould not appear to us. Many of the 
operations of Nature are carried on in her great labo- 
ratory which we cannot comprehend, but now and then 
we fee fome of the tools with which Hie is at work. 
We need not wonder that their conflru&ion fhould be 
fo lingular as to induce us to confefs our ignorance of 
the method of employing them ; but we may reft aiTu- 
-icd that they are not a mere luj'us Here he 
alludes to the great number of fmall telefcopie comets ; 
which he fuppofes, as others had done before him, may 
be employed to rcftore to the fun what had been loft 
by the e million of light. “ My hypothecs, however, 
(continues he) does not lay me under any obligation to 
explain how the fun caa fuftain the wafte of light, nor 
to Ihew that it will fuftain it for ever ; and I fliould al- 
fo remark that, as in the analogy of generating clouds, 
1 merely allude to their production as owing to a de- 
compofition of fome of the elaftic fluids of our atmo- 
fphere, that analogy, which firmly refts upon the faft, 
will not be Ids to my purpofe, to whatever caufe thefe 
clouds may owe their origin. It is the fame with the 
lucid clouds, if I may fo call them, of the fun. They 
plainly exift, becaufe we fee them ; the manner of their 
being generated may remain an hypothefis—and mine, 
till a better can be propofed, may Hand good ; but 
whether it does or not, the confequences I am going to 
draw from what has been faid will not be affeCled by 
it.” 1 

, Before he proceeds to draw thefe confequences, he 
informs us that, according to the above theory, a dark 
Ipot in the fun is a place in its atmofphere, which hap- 
pens to be free from luminous decompofitions ; that fa- 
culas are, on the contrary, more copious mixtures of 
fuch fluids as decompofe each other ; and that the re- 
gions, in which the luminous folar clouds are formed, 
adding thereto the elevation of the faculse, cannot be 
lefs than 1843, nor much more than 2765 miles in 
uepth. It is true, continues he, that in our atmofphere 
the extent of the clouds is limited to a very narrow com- 
pafs ; but we ought rather to compare the folar ones to 
the luminous decompofitions which take place in our 
aurora borealis, or luminous arches, which extend much 
farther than the cloudy regions. The denfity of the 
luminous lolar clouds, though very great, may not be 
exceedingly more fo than that of our aurora borealis. 
For if we confider what would be the brilliancy of -a 
fpace two or three thoufand miles deep, filled with fuch 
corrufcations as we fee now and then in our atmofphere, 
their apparent intenfity, wdien viewed at the diftance of 
the fun, might not be much inferior to that of the lu- 
cid folar fluid. 

From the luminous atmofphere of the fun, he pro- 
c.eeds to its opaque body ; which, by calculation from 
the power k exerts upon the planets, we know to be 
of great folidity ; and from the phenomena of the dark 
[Pots, many of which, probably on account of their 
high lituations, have been repeatedly feen, and other- 
wife denote inequalities in their level, we furmife that 
its furface is diverfifmd with mountains and valleys. 
. What has been faid, enables us to come to fome very 
important concliiiions, by remarking, that this way of 
coniidering the fun and its atmofphere removes the great 

xiiflimilanty we have hitherto been ufed to find between 
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its condition and that of the reft of the great bodies of 
the folar fyftem. 

I he fun, viewed in this light, appears to he nothing 
elfe than a very eminent, large, and lucid planet, evi- 
dently the iirft, or, in ftri&nefs of fpeaking, the only 
primary one of our fyftem, all others being truly fecon- 
daij to it. Its fimilarity to the other globes of the fo- 
lai fyftem with regard to its folidity, its atmofphere, 
and its diverfified furface, the rotation upon its axis, 
and the fall of heavy bodies, leads us on to fuppofe 
that it is moft probably alio inhabited, like the reft of 
the planets, by beings whofe organs are adapted to the 
peculiar cireutnftances of that vaft globe. 

It may, however, not be amifs to remove a certain 
difficulty, which anfes from the effedb of the fun’s rays 
upon our globe. The heat which is here, at the di 

Sun 

fiance of gj millions of miles, produced by thefe rays, 
is fo confiderable, that it may be objeaed, that the fur- 
face of the globe of the fun itfelf muft be fcorched up 
beyond all conception. 

This may be very fubftantially anfwered by many 
proofs drawn from natural philofophy, which {hew that 
heat is produced by the fun’s rays only when they aft 
upon a calorific medium ; they are the caufe of the pro- 
duaion of heat, by uniting with the matter of fire which 
is contained in the fubftances that are heated ; as the 
collifion of flint and fteel will inflame a magazine of 
gunpowder, by putting all the latent fire it contains in- 
to action. But an inftance or twro of the manner in 
which the folar rays produce their effed, will bring this 
home to our moft common experience. 

On the tops of mountains of a fufficient height, at 
an altitude where clouds can very feldom reach to fhel- 
ter them from the dired rays of the fun, we always 
find regions of ice and fnow. Now if the folar rays 
themfelves conveyed all the heat we find on this globe, 
it ought to he hotteft where their courfe is leaft inter- 
rupted. Again, our aeronauts all confirm the coldnefs 
of the upper regions of the atmofphere ; and fince, 
therefore, even on our earth, the heat of any fituation 
depends upon the aptnefs of the medium to yield to the 
imprefiion of the folar rays, we have only to admit, that 
on the fun itfeif, the elaftic fluids compoling its atmo- 
fphete, and the matter on its furface, are of fuch a na- 
ture as not to be capable of any exceflive affedion from 
its own rays : and indeed this feems to pe proved by 
the copious emiffion of them ; for if the elaftic fluids 
of the atmofphere, or the matter contained on the fur- 
face of the fun, were of fuch a nature as to admit of an 
eafy chemical combination with its rays, their emiflion 
would be much impeded. 

Our author tlien proceeds to fupport his theory by 
analogical reafonings; but as thefe will occur to fuch 
of our readers as are converfant with the fpeculations of 
aft) onomers, w7e pafs on to his refledions upon the con- 
fequences of this theory. “ That the ftars are funs can 
hardly admit of a doubt. Their immenfe diftances would 
perfedly exclude them from our view, if the light they 
fend us were not of the folar kind. Befides, the ana- 
logy may be traced much faither. The fun turns on 
its axis ; fo does the ftar Algol; fo do the flaps called 
0 Lyrae, Cephei, * Antinoi, 0 Ceti, and many more ; 
moft probably all. From what other caufe can we fo 
probably account for their periodical changes ? Again, 

our 
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Sun. our fun has fpots on its fnfface ; fo has the ftar Algol, 
T-—' and fo have the liars already named, and probably eve- 

ry liar in the heavens. On our fun thefe fpots are 
changeable ; fo they are on the liar ° Ceti, as evidently 
appears from the irregularity of its changeable luftre, 
which is often broken in upon by accidental changes 
while the general period continues unaltered. The fame 
little deviations have been oblerved in other periodical 
ilars, and ought to be afcribed to the fame caufe. But 
if liars are funs, and funs are inhabitable, we fee at once 

of thofe men who prefume to account for all the phe- 
nomena of nature by chemical affinities and mechanical 
attraction ? The man who, even in his heart, can fay, 
that fuch an immenfe fyltem, differing fo widely in the 
Itrudlure of the different parts of it, but everywhere 
crowded with life, is the t ffedl of unintelligent agency, 
is indeed, to ufe the emphatic language ol an ancient 
atlronomer—a fool. 

SUNDA, Straits of, are formed by the approach 
of the fouth-eall extremity of the illand of Sumatra 

Sjmda 

Sutton. 

what an extenfive held for animation opens itfelf to our to the north-well extremity of the illand of Java (See 
thefe illands, EncycL). The llraits are interfperfed with 

“ It is true, that analogy may induce us to conclude, 
that knee liars appear to be funs, and funs, according 
to the common opinion, are bodies that ferve to en- 
lighten, warm, and fuftain a fyftem of planets, we may 
have an idea of numberlefs globes that lerve for the ha- 
bitation of living creatures. But if thefe funs them- 
felves are primary planets, we may fee fome thoufands 
of them with our own eyes, and millions by the help of 
telefcopes, when at the fame time the fame analogical 
reafoning lli’l remains in full force with regard to the 
planets which thefe funs may fupport.” 

The Dodlor then obferves, that from other confider- 
ations, the idea of funs or liars being merely the fuppor- 
ters of fyllems of planets, is not abfolutely to be ad- 
mitted as a general one. “ Among the great number 
of very eompreffed clufters of liars I have given (fays 
he) in my catalogues, there are fome which open a dif- 
ferent view of the heavens to us. The liars in them are 
fo very clofe together, that, notwithllanding the great 
dillance at which wre may fuppofe the duller itfelf to- 
be, it will hardly be poffible to affign any fufficient mu- 
tual dillance to the liars compofing the duller, to leave 
room for crowding in thofe planets, for whofe fupport 
thefe liars have been, or might be, fuppofed to exill. 
It Ihould feem, therefore, highly probable, that they 
exill for themfelves; and are, in fa£t, only very capital 
lucid, primary planets, conne&ed together in one great 
fyltem of mutual fupport. 

“ The fame remark may be made with regard to the 
number of very clofe double liars, wffiofe apparent dia- 
meters being alike, and not very fmall, do net indicate 
any very great mutual dillance : from which, however, 
mult be deducted all thofe where the different diltances 
may be compenfated by the real difference in their re-, 
fpedive magnitudes. 

“ To what has been faid maybe added, that, in fome 
parts of the milky way, where yet the liars are not ve- 
ry fmall, they are fo crowded, that in the year 1792* 
Aug. 22. I found by the gauges that, in 41 minutes of 
time, no lefs than 258,000 of them had paffed through 
the field of view of my telefcope. 

“ It feems, therefore, upon the whole, not impro- 
bable, that in many cafes liars are united in fuch clofe 
fyllems as not to leave much room for the orbits of 
planets or comets ; and that confequently, upon this 
account alfo, many liars, unlefs we would make them 
mere ufelefs brilliant points, may themfelves be lucid 
planets, perhaps unattended by fatellites.” 

What a magnificent idea does this theory give of the 
univerfe, and of the goodnefs, as well as power, of its 
Author ? And how cold mull be that heart, and cloud- 
ed that underllanding, who, after the contemplation of 
it, can for one moment liften to the atheillical do&rines 

number of fmall illes ; the whole dilplaying a Icene- 
py fcarcely to be exceeded in the foftnefs, richnefs, and 
gaiety of its appearance. The two great illands, which 
are low, and in fome places marffiy near the ffiore, rife 
afterwards, in a gradual Hope, towards the interior of 
the country, admitting in their afeent every variety of 
fituation, and all the different tints of verdure. Of the 
fmaller illands, a few have lleep and naked fides, fuch 
as one in the middle of the llrait, which the Engliffi 
navigators have dillinguilhed, on that account, by the 
name of Thwart the-way, and two very finall round ones, 
called, from their figures, the Cap and Button (fee 
thefe illands, Suppl.) \ but moll of the others are en- 
tirely level, founded upon beds of coral, and covered 
with trees. Some of thefe iflands are furrounded with 
a white fandy beach, vifited frequently by turtle ; but 
moll of them are adorned with thick Ihrubbery to the 
water’s edge, the roots being waffled by the fea, or the 
branches dipping into it ; and on the outfide are ffioals, 
in which a multitude of little aquatic animals are bulled 
in framing calcareous habitations for their refidence and 
protection. Thofe fabrics gradually emerge above the 
furface of the water, and at length, by the adventitious 
adhefion of vegetable matter, giving birth to plants 
and trees, become new iflands, or add to the fize of 
thofe already produced by the fame means. It is im- 
poffible not to be llruck with the diverfified operations 
of Nature for obtaining the fame end, whether employ- 
ed in originally fixing the granite foundation of the 
Brazils, or in throwing up, by fome fudden and fubfe- 
quent convulfion, the ifland of Amfterdam, or in con- 
tinuing to this hour, through the means of animated 
beings, the formation of new lands in the Straits of 
Sunda.— Sir George Staunton's Account of the Britijh 
Embajfy to China. 

SUNNUD, a grant, patent, or charter, in Bengal. 
SUPERPARTICULAR Proportion, or Ra- 

tio, is that in which the greater term exceeds the left 
by unit or 1. As the ratio of 1 to 2, or 2 to 3, or 5 
to 4, &c. 

SUPERPARTIENT Proportion, or Ratio, is 
when the greater term contains the lefs term once, and 
leaves fome number greater than 1 remaining. As the 
ratio 

of 3 to 5, which is equal to that of 1 to iy ; 
of 7 to 10, which is equal to that of 1 to i-J; &c. 

SUPPLEMENT, of an Arch or Angle, in geo- 
metry or trigonometry, is what it wants of a femicircle, 
or of 1800 ; as the complement is what it wants of a qua- 
drant, or of 90°. So, the fupplement of 50° is 130° ; 
as the complement of it is 40°. 

SUTTON (Thomas, Efq ;), founder of thecllBrter- 
houfe, was born at Knaith in Lincolnlhire, in J532, of 

aa. 
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SuUon- an ancient and genteel family. He was educated at 

' Eton fchool, and probably at Cambridge, and ftudied 
the law in Lincoln’s Inn ; but this profeflion not fuit- 
ing his difpofition, he travelled into foreign countries, 
and made fo long a flay in Holland, France, Spain, 
and Italy, as to acquire the languages of thofe vari- 
ous nations. During his abfence, his father died, and 
left him a conficlerable fortune. On his return home, 
being a very accomplifhed gentleman, he became fecre- 
tary to the earl of Warwick and his brother the earl of 
Leicefter. By the former of thefe noblemen, in 1569, 
he was appointed mailer of the ordnance at Berwick ; 
and diilinguiming himfelf greatly in that fituation, on 
the rebellion which at that time broke out in the north, 
he obtained a patent for the office of mafler-general of 
the ordnance for that diftrift for life. He is named as 
one of the chiefs of thofe 1500 men who marched into 
Scotland, by the order of Queen Elizabeth, to the 
affiftance of the regent, the earl of Morton, in 15';^ • 
and lie commanded one of the five batteries which obli- 
ged the ftrong caflle of Edinburgh to furrender to the 
Englilh. He purchafed of the bifhop of Durham the 
manors of Gatefhead and Wickham ; which, producing 
coal-mines, became to him a fource of extraordina- 
ry wealth. In iy8o, he was reputed to be ■worth 
L. 50,000 

Soon after this, he married a rich widow, who 
brought him a confiderable eflate ; and taking up the 
bufinefs of a merchant, riches flowed in to him with 
every tide. He is faid to have had no lefs than thirty 
agents abroad. He was Hkewife one of the chief vic- 
tuallers of the navy ; and feems to have been mafter of 
the barque called Sutton, in the lift of volunteers at- 
tending the Englifh fleet againft the Spanifh armada. 
It is probable, alfo, that he was a principal inftrument 
in the defeat of it, by draining the bank of Genoa of 
that money with which Philip intended to equip his 
fleet, and thereby hindering the invafion for a whole 
year. He is likewife faid to have been a commiffioner 
for prizes under Lord Charles Howard, High Admiral 
of England ; and going to fea with letters of marque, 
he took a Spanifh fliip worth L. zo,oco. His whole 
fortune, at his death, appears to have been in land 
L. 5000 per annum ; in money, upwards of L. 60,000 ; 
the greateft eflate in the pofleffion of any private gen- 
tleman till much later times. He lived with great mu- 
nificence and hofpitahty ; but lofing his lady in 1602, 
he retired from the world, leflened his family, and lived 
in a private frugal manner ; and, having no ifTne, refol- 
ded to diftinguifh his name by fome important charity. 
Accordingly, he purchafed of the Earl of Suffolk How- 
ward-Houfe, or the late diffoived charter-houfe, near 
Smithfield, for the fum of L. 13,000, where he found- 
ed the prefent hofpital, in 1611, for the relief of poor 
men and children. Before he had fixed upon this de- 
fign, the court endeavoured to divert him from his pur- 
pofe, and to engage him to make Charles I. then Duke 
of York, his heir, by conferring on him a peerage ; 
nit being free from ambition, and now near his grave, 
the lyflre of the coronet could not tempt him to change 

his plan. He died the 11th of December, 1611, atSuworow. 
Hackney, aged yp. His body was conveyed, with the Jl 

mofl folemn proceffion, to Chrift-church in London, 
and there depofited, till 1614, when it was removed to 
the charter-houfe, and interred in a vault on the north 
fide of the chapel, under a magnificent tomb. 

SUWOROW (a) Rimniksky (Count Alexander), 
was a man fo eminent in his profeffion, that, if war be 
an art founded on fcience, it would be improper not to 
give fome account of his life in a Work of this nature. 
Various accounts of him, indeed, are already in the 
hands of the public: but they differ fo much from one 
another in the pi&ures which they prefent of the man, 
that it is not eafy, if it be always poffible, to diflin- 
ginfh truth from falfehood. With refpedl to the 
talents of the General, there is not room for the fame 
difference of reprefentation ; becaufe a train of military 
fucceffes, almoft unrivalled, has rendered thefe confpicu- 
ous to all Europe. In the fhort detail that our limits 
permit us to give of the life of this fingular man, we 
fhall avail ourfelves of all the information, public and 
private, which we have been able to obtain, and believe 
to be authentic ; and we hope to make our readers ac- 
quainted with fome particulars refpe&ing his perfon 
and domeftic habits which are not yet generally known. 

The family of Suworow is faid to have been from 
Sweden, and of a noble defeent. The firft of this 
name fettled in Ruffia about the latter end of the laft 
century ; and having engaged in the wars againft the 
Tartars and the Poles, were rewarded by the Czars of 
that period with lands and peafants. Bafil, the father 
of our hero, is faid to have been the godfon of Peter 
the Great ; to have been held in high eftimation for his 
political knowledge and extenfive erudition ; and to 
have enjoyed, at his death, the two-fold rank of Gene- 
ral and Senator*. 

As this account is given by a man who profeffes to Hjflor 
have formed an intimate acquaintance with Suworow/£<? 
himfclf, it ought to be corredl; and yet we cannot help/5’0'?'™ tf 
entertaining fome doubts of its truth, or at leaft of its Gount Alex~ 
accuracy. It is well known, that extenfive erudition 
was in no efteem in Ruffia at the period when Bafil FrS/ 
Suworow is here faid to have been fo learned ; and it elnthing. 
is likewife known, that if, by erudition, be meant a 
knowledge of ancient literature, it was even defpifed, at 
a much later period, by all who were at once noble, 
and poffeffed of lands and peafants (See Russia, En- 
cyd.). T he truth is, as we have learned from unquef- 
tionable authority, that the family of Suworow was an- 
cient and refpecftable ; but being far from affluent, and 
their little property lying at the very extremity of the 
empire, we have reafon to believe, that the fubjeeft of 
this memoir was the firft of the family that ever was at 
court. Bafil, however, if his anceftors were from Swe- 
den, may have been free from the Ruffian prejudices 
againft Greek and Latin ; and this is the more pra- 
bable, that he certainly gave a learned education to his 
fon. 

Fhat fon, Alexander Bafilowitch Suworow, was, ac« 
cording to the author already quoted, born in the year 

 * r-  HdOJ 

This Lft is ^ccordin^to^die ^omet'rrit's^s we have fpelled it, fometimes Suwarrow, and fometimes Suvorof. 
letter to Charette, the hero of Vendee.100 5 ^ ^ ad°pted the orthograFby of the General himfelf, in his 
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Suwo'ow. i^o : we have fome reafon to believe that he was not 
u—-v born before 1732. His father had deftined him, we 

are told, for the robe ; but his early inclinations impel- 
led him to the profefiion of a foldier; and in 1742 he 
was enrolled as a fufdier in the guards of Seimonow. 
He was afterwards a corporal, then a ferjeant, and, in 
1754, he quitted the guards with the brevet of Lieu- 
tenant in the army. He made his firft campaign in 
the feven years war again ft. the Pruflians, in the year 
1759, entering upon aftual fervice under Prince Wol- 
gonfki. As lenior officer on duty, he attended on the 
commander in chief Count Fermor, who, admiring the 
confummate refolution which he appeared to poftefs, 
favoured him with his particular confidence. In 1761, 
he was ordered on fervice in the light troops under Ge- 
neral Berg ; and with the rank of a field officer (we 
think that of Lieutenant-colonel) he performed pro- 
digies of valour, and exhibited much of that charadfer 
which was afterwards fo fully developed and difplayed. 
Even then he feems to have formed the refolution of 
dying on the field of battle rather than fuffer himfelf 
to be taken prifoner ; for when, with a handful of 
troops, he was once furrounded by a large detachment 
of Pruffians, he determined to cut his way through 
them, or perifti in the attempt. In this daring enter- 
prife he was not only fuccefsful, but contrived to carry 

I off with him twenty prifoners, though he was obliged 
to abandon twro field pieces, which he had a little be- 
fore taken from a fmaller detachment. 

At the peace of 1762, he received from the Em- 
prefs a colonel’s commiffion, written with her own 
hand ; and being advanced, in 1768, to the rank of 
brigadier, he was, in the month of November, ordered 
to repair, with all poffible fpeed, to the frontiers of Po- 
land. At that unfavourable feafon he crofled rivers 
and moraffes, whofe paffage wras rendered more difficult 
by flight frofts ; and, in the courfe of a month, traver- 
fed 500 Englifh miles, w ith the lofs of only a few men 
in the environs of Smolenfko. 

The object of the Emprefs, at this time, was to fub- 
dne the Polifh confederates, and to poftefs herfelf of 
certain provinces of that ill-fated kingdom. How com- 
pletely fhe and her two allies, the Emperor of Germa- 
ny and the King of Pruffia, fucceeded in their enter- 
prife, has been 1 elated elfewhere (fee Poland, En- 
cycl.). It is fufficient, in this memoir, to obferve, that 
the fucceffes of the Ruffians wrere chiefly owing to the 
military (kill and intrepidity of Suworow, who wras 
their only active General, and was indeed, for four 
years, almoft conftantly employed in ofFenfive operations 
againft the confederates. Not to mention the nume- 
rous adfions and fkirmilhes of an inferior kind, in which 
his conduit and courage were always diiplayed, the 
viitory at Staloviz, over a fuperior force, ably com- 
manded, and the capture of Cracow’, were alone fuffi- 
cient to intitle him to the character which he ever 
afterwards fo well fupported. The former of thefe 
drew the higheft encomiunts from the great Frederick 
of Pruffia ; and the latter decided the fate of Poland. 
It is proper to add, that Suwrorow, on thefe occafions, 
did not tarnifh his laurels byamnecefiary cruelty. When 
a French officer, wdio furrtfndered at Cracow, offered 
him his fword, according to the cuftom of war, he re- 
futed it, fay ing, that he would not take the tvvord of a 
jbrave man, whofe mailer w'as not at war with his fo- 
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vereign : and, even to the leaders of the confederates, Suworow. 
he granted better terms of capitulation than they had v “' 
the prefumption to afk. 

In the year 1770, he had been promoted to the rank 
of Major general; and for his exploits in the Polifh wfar, 
the Emprefs conferred upon him, at different times, the 
orders of St Ann, St George, and Alexander Newfky. 

After performing fome important fervices on the 
frontiers of Sweden, Suworow received orders, in the 
beginning of 1773, to join the army in Moldavia, un- 
der the command of Field-marfhal Romanzow ; and 
there he began that glorious career, which foon made 
his name a terror to the Turks. His firft exploit was 
the taking of Turtukey ; of which he w’rote the follow- 
ing laconic account to the commander in chief: 

“ Plonour and glory to God ! Glory to you, Ro- 
manzow ! We are in poffeffion of Turtukey, and I am 
in it ! “ Suworow.” 

During the remainder of the war, which was of fhort 
continuance, Suworow was conftantly engaged, and 
conftantly fuccefsful. In the beginning of the year 
1774, he was promoted to the rank of Lieutenant-gene- 
ral ; and on the 1 ith of June of the fame year, he de- 
feated the Turks in a great battle, in which they loft 
3000 men killed, fome hundreds of prifoners, 40 pieces 
of artillery, and 80 ftandards, with their fuperb camp. 
Soon after this vidlory, peace was concluded between 
the two courts ; and Lieutenant general Suworow was 
ordered to proceed with all poffible hafte to Mofcow, 
to affift in appeafing the interior troubles of that part 
of the empire. 

Thefe troubles were occafioned by7 a Coffac rebel, of 
the name of Pugatcheiu, or Pugatchcjf, who, at the head 
of a party of his difeontented countrymen, had long 
eluded the vigilance of Count Panin, the commander in 
chief,in Mufcovy, and frequently cut off detachments 
of the army which were fent out in quell of him. The 
chace of Pugatcheff, for fuch it may be called, was 
now wholly entrufted to the well-known adlivity of 
Suworow ; and that General, after purfuing the rebel 
with inconceivable rapidity, through woods and deftrts, 
came up with him at a place called Urlalk, and carried 
him prifoner to Count Panin, who fent him to Mof- 
cow, where he fullered the punilhment due to his crimes. 
This inlurgent, it is faid, had at one time coJle&ed 
fuch a force, and was followed with fuch enthufiafrn, 
that, if his underltanding had been equal to his cou- 
rage, and his moderation had kept pace w ith hig power, 
he might have poffeffed himfelf of Mofcow, and made 
the Imperial Catharine tremble on her throne. 

For feveral years after the taking of Pugatcheff, Su- 
worow was employed in the Crimea, on the Cuban, and 
againft the Nogay Tartars, in a kind of fervice which, 
though it was of the utrnoft importance to the Em- 
prefs, and required all the addrefs of the Lieuteuant- 
general, furnifhed no opportunities for that wonderful 
difplay of promptitude and refource which had charac- 
terifed his more aftive campaigns. One incident, how- 
ever, mufl be mentioned, even in this fhort memoir, 
becaufe it fiiews the natural difpofitiou of the man. 
During the winter that Suworow palled among the 
Tartars, he was frequently vifited by the chiefs of that 
nation ; and at one of thefe vifits, Mechmed Bey, the 
chief of the Gediffens, often joked with Muffa Bey, 
another chief, on his inclination to marry. Mulla Bey 
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Sowornw. was fo extremely old, that buvvorow thought the con- 

verfation ridiculous; and one day afked him, What 
ground Mechmed could have for inch idle talk ? Muf- 
fa replied, that Mechmed Bey was right ; that he wirti- 
ed to marry; and that he hoped the General'would 
make him a prelent of a beautiful Tartar girl of fix- 
teen ! Suworow immediately bought a young Tartar 
flave of a CoiTac for ico rubles, and fent her to Muffa 
Bey ; who married her, lived with her a very few years, 
and died at the age of one hundred and eight ! regret- 
ted, we are told, by the Lieutenant-general, who regard- 
ed him with great efteem and attachment. 

In the end of the year 1786, Suworow was promoted 
to the rank of General in Chief; and, at the breaking out 
of the war with the Turks in 1787, he (hewed how 
well he was intitled to that rank, by his mafterly de- 
fence of Kinburn ; a place of no itrength, but of great 
importance, as it is fituated at the mouth of the Dnei- 
per, oppofite to Oczakow. For the zeal and abili- 
ties which he difplayed on this occafion, the Emprefs 
decorated him with the order of St Andrew ; gave him 
fix erodes of the order of St George, to be didributed, 
according to his judgment, among fuch of his officers 
as had moil diftinguiihed themfelves ; and, in a very 
flattering letter, regretted the wounds which he had 
received in defending the place. 

At the iiege of Oczakow, Suworow, who command- 
ed the left wing of the army under Prince Potemkin, 
received a dangerous wound in the nape of the neck, 
■which was followed by fo fmart a fever, that, for fome 
time, his life was defpaired of; but he perfevered in 
his long accnflomed prailice of preferring regimen to 
medicine, and his health was gradually re-eftablifhed. 
In the year 1789, he was appointed to the command 
of the army which was to co-operate with the Prince of 
Saxe Cobourg in Walachia; and, by marches of in- 
conceivable rapidity, he twice, in the (pace of two 
months, preferved the army of that Prince from inevi- 
table deftruAion. Putting himfelf at the head of 8cco 
Ruffians, and literally running to the aid of his ally, he 
came up with the Turks in time to change the fate of 
the day at the battle of Forhani, which was fought on 
the 21 tt of July; and again at Rymnik, which, with 
7000 men, he had reached with equal celerity, he gain- 
ed, on the zzd of September, in conjundlion with the 
Prince, one of the greateil victories that have ever been 
atchieved. According to the leail exaggerated ac- 
count, the Turkifh army, commanded by the Grand- 
Vifier in perfon, amounted to 90 000 or 100,000 
men; of which 70,000 were chofen troops ; whilft 
the army of the allies exceeded not 25,000. At the 
commencement of the attack, Suworow, who had re- 
connoitered the country, and formed the plan of the 
battle, called out to his Ruffians, “ My friends, look 
not at the eyes of your enemies, but at their breads; 
it is there that you mud thruil your bayonets.” No 
quarter was given to the Turks; and on this account 
the Ruffian General has been charged with favage fe- 
rocity : but the charge, if not groundlefs, mu ft be ihared 
equally between him and the Prince of Cobourg. The 
commanders of the allied army, aware of the immenfe fu- 
periority of their enemies, had refolved, before the en- 
gagement, not to encumber themfelves with prifoners, 
whom they could not fecure without more than hazard- 
ing the fate of the day; And where is the man, who 

admits the lawfulnefs of war, that will condemn fuch Sovvorow. 
conduit in fuch critical circumitances ? —^ 

The taking of Bender and Belgrade were the im- 
mediate confequences of the viitory of Rymnic ; and 
fo fenfible was the Emperor Jofeph how much the ra- 
pid movements and military (kill of Suworow had con- 
tributed to that victory, that he immediately created 
him a Count of the Roman empire, and accompanied 
the diploma with a very flattering letter. Similar ho- 
nours were conferred upon him by his own fovereiga, 
who fent him the diploma of Count of the empire of 
Raffia, with the title of Rymnikiki, and the order of 
St Andrew of the firit clafs. 

In the autumn of 1790, Prince Potemkin wrote to 
Count Suworow, requeftmg a particular conference. 
The General, who conjedlured the objedf of it, fent 
him the following anfwer : “ The flotilla of row-boats 
will get poifeffion of the mouths of the Danube ; Tul- 
cia and Ifaccia will fall into our power ; our troops, 
fupported by the veflels, will take limailow and Brain- 
low, and make Tchiftow tremble.” He was perfedlly 
right in his conjecture : it was to concert with him 
meafures for the taking of Ifmailow that the Prince 
had requefted the conference. He did not, however, 
receive orders to undertake that defperate enterprife till 
the beginning of November, when he rapidly approach- 
ed towards the fortrefs. His army, by fea and land, 
confided of 23,000 men ; of whom one-half were Coi- 
facs, and of thefe many were fick. The troops of the 
garrifon, which were under the orders of feven Sultans, 
amounted to 43,000 men, of whom nearly one-half 
were Janiflaries ; the fortrefs was by much the ftrongeft 
of any on the Turkiih frontier: it was under the com- 
mand of an old warrior, who had twice refufed the 
dignity of Grand Vilier, and bail difplayed againft the 
Auflrians confiderable abilities, as well as the moil in- 
trepid courage ; and the Grand Seignior had publifhed 
a firman, forbidding the garrifon, on pain of death 
without trial, to furrender on any terms whatever. 

Potemkin, knowing that Suworow had with him no 
battering cannon, and dreading the confequences of a 
repulfe, wrote to the General, that if he was not cer- 
tain of fuccefs, he would do well not to rilk an aflault. 
The laconic reply was ; “ My plan is fixed. The Ruf- 
fian army has already been twice at the gates of Ifmai- 
low ; and it would be fhameful to retreat from them the 
third time without entering the place.” To fpare the 
effufion of blood, however, if poffible, he fent a note 
to the Serafkier who commanded in Ifmailow, to affure 
him, upon Count Suworow’s word of honour, that if 
he did not hang out a white flag that very day, the 
place would be taken by afiault, and all the garrifon 
put to the fword. The Serafkier returned no anfwer 
to the note ; but another commander was pleafed to 
fay, that “ The Danube would ceafe to flow, or the 
heavens bow down to the earth, before Ifmailow would 
furrender to the Ruffians!” 

Having concerted with the Admiral proper meafures 
for the aflault, Suworow puffed the night with fome 
officers of his fuite, in impatient vigilance for the ap- 
pointed hour when the fignals were to be given. Thefe 
were the firing of a mufket at three, four, and five in 
the morning, when the army rufhed upon the place; 
and notwithftanding the defperate oppofition of the 
Turks, the depth of the moat, and the height of the 

ramparts, 
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Suworow. ramparts, they were completely mafters of Ifmailow by 
w—-y four o’clock P. M. In this one dreadful day the Ot- 

tomans loft 33,000 men killed or dangeroufly wounded ; 
j 0,000 who were taken prifoners ; belides 6000 women 
and children, and 2000 Chriftians of Moldavia, who fell 
in the general maftacre. The place was given up to 
plunder for three days, according to agreement with 
the army before the alfault; but we have authority to 
lay, that no perlon was murdered in cold blood, who 
did not prefer his property to his life. 

The Ruffians found in Ifrnailow 232 pieces of can- 
non, many large and fmall magazines of gunpowder, an 
immenfe quantity of bombs and balls, 345 ftandards al- 
moft all ftained with blood, provilions lor the Turkifh 
army for fix months, and about io,oco horfes, of which 
many were extremely beautiful, Suworow, who was 
inacceflible to any views of private intereft, did not ap- 
propriate to himlelf a [ingle article, not fo much as a 
horie ; but having, according to his cuftom, rendered 
folemn thanks to God for his victory, wrote to Prince 
Potemkin the following Spartan letter: “ 'Ihe Ruffian 
colours wave on the ramparts of Ifmailow.” 

Peace being concluded with the Turks in December 
1791, no political events occurred from that period to 
call forth the military talents of Suworow till 1794- 
In the beginning of that year mutinies having broken 
out among the Poliffi troops in the fervice of Ruffia, 
and the Emprefs, with her two potent allies, having di- 
gefted the plan for the partition of Poland, Count Su- 
worow received orders, in the month of May, to pro- 
ceed, by forced marches, into Red Ruffia, with a corps 
of 15,000 men, and to difarm all the Polilh troops in 
that province. This fervice he performed without the 
effufion of blood, difarming in lefs than a fortnight 
8000 men, difperfed over a country of 150 miles in cir- 
cuit. Soon afterwards he was ordered to march into 
the interior of Poland ; the King of Pruffia having been 
obliged to raife the fiege of Warfaw, and the Emprefs 
perceiving that more vigorous meafures than had hither- 
to been purfued, were necelfary to accomplilh her de- 
figns. 

To give a detailed account of his route to Warfaw, 
would be to write the hiftory of the Poliffi war, and 
not the memoirs of Count Suworow. It has been raih- 
ly fuppofed, that he had to contend only witli raw 
troops, commanded by inexperienced leaders, who were 
not cordially united among themfelves ; but the fa<ft is 

' otherwife, and Suworow never difplayed greater refource 
in the day of danger, than in the numerous battles and 
fkirmiffies in which he was engaged on his march to the 
capital of Poland. At laft, after furmounting every ob- 
Itacle, he fat down, on the 22d of Odtober, before Pra- 
ga, a ftrongly fortified fuburb of Warfaw, defended by 
a formidable artillery, and a garrifon of 30,000 men, 
rendered defperate by their lituation. The Ruffian ar- 
my exceeded not 22,000 ; and with that comparative- 
ly fmall force he refolved to ftorm Praga, as he had 
llormed Ifmail. Having erefted fome batteries to de- 
ceive the garrifon into a belief that they were to be re- 
gularly belieged, he concerted with the other Generals 
the mode of aflault; and when every thing was ready, 
he gave his orders in thefe words: “ Storm, and take 
the batteries, and cut down all who refill; but fpare 
the inhabitants, unarmed perfons, and all who lhall alk 
for Quarter.” 
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There are but few examples of a military operation Suworow. 

fo boldly conceived, fo Ikiitully performed, or fo impor- 
taut in its coniequences, as the taking of Praga. I he 
aflault was made at once in feven difterent places at five 
in the morning; and at nine the Ruffians were mailers 
of the place, having penetrated by pure force a triple 
entrenchment. Of the Poles i 3,0.00 lay dead on the 
field of battle, one third of whom were the flower of 
the youth of Warfaw; above 2000 were drowned in 
the Viftula ; and 14,680 were taken prifoners, of whom 
8000 were difarmed and immediately fet at liberty, and 
the remainder the next day. We mention thefe cir- 
cumHances, becaufe they completely refute the tales of 
thole Jacobin ferihblers, who have lo llrenuoufly en- 
deavoured to tarniffi the laurels of the Ruffian hero, by 
reprefenting him as having ordered a general maflacre 
of men, women, and children. The artillery taken from 
the enemy confiiled of 104 pieces of cannon and mor- 
tars, chiefly of large calibre. The Ruffians had 580 
men killed, of whom eight were fuperior and Half offi- 
cers, and 900 wounded, of whom 23 were officers. 

Soon after the llorming of Praga, Warfaw capitula- 
ted, and Suwofow was received into the city by the 
magiftrates in a body, and in their ceremonial habits. 
When the prefident prefented to him the keys of the 
city, he prefled them to his lips, and then, holding them 
up towards heaven, he faid, “ Almighty God, I ren- 
der thee thanks, that 1 have not been compelled to pur- 
chafe the keys of this place as dear as ” Turn- 
ing his face towards Praga, his voice failed him, and 
his cheeks were inftantly bathed with tears. As he 
rode through the llreets. the windows were filled with 
fpedlators, who were delighted with the return of or- 
der, and the aflurance of peace ; and the air refounded 
with the exulting exclamations cf “ Long live Catha- 
rine ! Eong live Suworcvv !” 

Thus did Count Suworow, in the courfe of a very 
few months, overturn the kingdom and republic of Po- 
land. It is not our bulinefs, in this article, to decide 
on the juftice of the caufe in which he was embarked. 
Of the Poliffi revolution, which gave rife to the war 
that fubverted the republic, and fwept it from the num- 
ber of fovereign hates, the reader will find fome account 
under the title Poland in the Encyclopedia; but it is 
here proper to acknowledge, that we do not now think 
fo favourably, as when we wrote that article, of the 
views and principles of thofe who framed the conftitu- 
tion, which brought upon them the Ruffian and Pruf- 
fian arms. Subfequent events leem to have proved 
completely, that if Poland had not been conquered by 
the allied powers, it would foon have been involved, un- 
der Kolkiulko and his Jacobinical adherents, in all the 
horrors of revolutionary France ; and the unhappy king, 
inftead of being carried captive into Ruffia, would pro- 
bably have finiffied his courfe on a fcaffold. Suworow, 
who never concerned himfelf with the intrigues of 
courts, and exprefled on all occalions the moll fove- 
reign contempt of thofe Generals who affe&ed to pof- 
fefs the fecrets of llatefmen, probably never enquired 
into the final objedl of the war, but thought it his du- 
ty to execute, in his own fphere, the orders of his Im- 
perial miltrefs. So fenfible was Catharine of the pro- 
priety of this conduft, and of the zeal and abilities 
which he had difplayed in the Popiffi campaign, that 
immediately on receiving accounts of the ftorming of 
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Soworow. Praga and the fubmifllon of Warfavv, fhe announced 

v to him, in a letter written with her own hand, his well- 
earned advancement to the rank of Field-marfhal Ge- 
neral. Nor did her munificence flop there ; fhe load- 
ed him with jewels, and prefented him with an eftate of 
7000 peafants, in the diftricd of Kubin, which had been 
the fcene of his firft battle in the courfe of the cam- 
patgn. 

From the fubjugation of Poland we hear little more 
of Field-marfhal Suvvorovv till he entered upon his glo- 
rious career in Italy. Fie is faid, indeed, to have given 
offence to the prefent Emperor foon after his accellion 
to the throne, by affording prote&ion to fome merito- 
rious officers, whom his Majefty had in an arbitrary 
manner difmi/Ted from his fervice ; but that offence was 
overlooked, and Suworow called again into adtion, when 
Paul joined the coalition againft France. 

Of the exploits of the Field-marfhal in Italy, where, 
to ufe his own words, he deftroyed armies and overturn- 
ed ftates, we have given a full account under the title 
Revolution in this Supplement. In his former cam- 
paigns, the wifdom of his meafures, the didribution of 
his forces, the undaunted charafter of his operations, 
and the progreffive continuance of his fucceffes, furnifh 
proofs of the fuperiority of his talents hardly to be pa- 
ralleled in the annals of modern war; but, animated by 
the noblenefs of his caufe, and confiding, as he faid, in 
the God of battles, he feems in his lalt campaign to 
have furpaffed himfelf. It would appear, however, that 
his own Sovereign thought otherwife ; and if he did, he 
was certainly as fingular in that opinion as he is faid to 
have been in many others. Confidering the Field-mar- 
fhal as the conqueror of Italy, he had indeed created 
him a Prince by the ftyle and title of Prince Suworovv- 
Italifki; but how did he receive him, when he returned 
into the Ruffian dominions at the head of his veteran 
and victorious bands ? 

Though the old warrior thought himfelf almoft be- 
trayed at the end of the campaign by the crooked po- 
licy of the court of Vienna, he doubtlefs hoped to be 
received at the Court of St Peterfburgh, if not with 
triumphal arches, at leaft with the molt public teflimo- 
nies of his Sovereign’s approbation. It is faid that he 
expeCted to be fent back at the head of a large army, 
with full powers to aCt as he fhould judge proper for 
bringing the war to a happy termination, and reftoring 
peace and order to Europe ; and he certainly exprefied, 
in letters to different correfpondents, his earneft wifh to 
conclude his military career with contributing to the 
accomplifhment of fo definable an objeCt. What then 
mult have been bis difappointment, when the Ruffian 
Emperor would not fee him, and pofitively forbad his 
appearance at court ? To the mefieoger who brought 
the order., the Field-mar dial gave a purfe of money, 
turned his carriage another way, and drove to a wooden 
home, at a diftance from the court, and from his former 
friends, “ where burft his mighty heartand the con- 
queror of the Turks, the Poles, and the French republi- 
cans, died, almoft unattended, on the 18th of May 1800. 
The fovereign, who thus difgraced Rim at the end of 
his lite, gave him a magnificent funeral! 

In his perfon Suworow was tall, confiderably exceed- 
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ing fix feet, and full chefted. His countenance was Suworow, 
ftern ; but among his friends his manners were pleafant,v'*"** 
and his difpofitions were kind. His temper was na- 
turally violent ; but that violence he conftantly labour- 
ed to moderate, though he was never able completely 
to extinguifh it. According to M. Anthing, an effer- 
vefcent fpirit of impatience predominated in his cha- 
raCIer; and it perhaps never happened (fays that au- 
thor) that the execution of his orders equalled the rapi- 
dity of his wifhes. Though he difliked all public en* 
tertainments, yet when circumftances led him to any of 
them, he appeared to partake, and endeavoured to pro- 
mote, the general pleafure. Sometimes he condefcend. 
ed even to dance and play at cards, though very rarely, 
and merely that he might not interrupt the etiquette 
of public manners, to which, when not in the field, he 
was very attentive. In the field he may be faid to have 
fpent the whole of his life from the period at which he 
firft joined the army in the feven years war; for during 
the time that he was not engaged in a&ual warfare, 
and that time, taken altogether, did not exceed twelve 
years, he was always placed at the head of armies fta- 
tioned on the frontier of fome enemy’s country. He 
was therefore a mere warrior, and as fuch had no fixed 
habitation With refpe<ft to his table and lodging, he 
contented himfelf with whatever he found, requiring 
nothing but what abfolute neceffity demands, and what 
might be tranfported with eafe from one place to an- 
other. Frequently he caufed the window-fafhes to be 
taken away, and fometimes the doon: faying, on the 
former occafion, that he was not cold ; and, on the lat- 
ter, that he was not afraid. His couch confided of a 
heap of frefh hay fr.fficiently elevated, and fcattered in- 
to confiderable breadth, with a white Iheet fpread over 
it, with a culhion for his pillow, and with a cloak for 
his coverlid. He has been reprefented as dirty (c) ; 
but the reprefentation is falfe. M. Anthing afferts, that 
he was clean in his perfon, and that, when not on ac- 
tual fervice, he wafhed himfelf frequently during the 
courfe of the day. It is among the fingular, though 
unimportant circumftances of his life (fays the fame au- 
thor), that, for the laft twenty years, he had not made 
ufe of a looking-glals, or incumbered his perfon with 
either watch or money. 

He was fincerely religious ; took every opportunity 
of attending the offices of public devotion ; and has 
been known, on Sundays and feftivals, to deliver lec- 
tures on piety to thofe whom duty called to attend on 
him. We are told by an anonymous writer, in a mif- 
cellany not very forward to praife fuch men »as Suwo- 
row, or indeed to praife piety in men of any defcription, 
that chancing one evening to overhear a captain abridge 
the prayer which his duty required him to repeat at the 
guard, the Field-marfhal called out to him, “ Thou 
unconfcionable, abominable, impious man, thou wouldft 
cheat Heaven ! Thou wouldft, no doubt, cheat like- 
wife the Emprefs and me ! I fhall difmifs thee.” His 
regard for facred things is indeed very apparent in the 
elegant letter which, on the ift of Otftober 1795, he 
wrote to Charette, the hero of Vendee, whom he con- 
gratulates upon taking up arms to reftore the temples 
of the God of his fathers. Alluding to this trait of 

his 

(c) By the anonymous author of the life of Catharine II, 
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his characler, and to hts deteftation of Jacoblnifm under 
every form, a late writer in a mod refpe&able mifcella- 
ny has well charadterifed him as the 

»« Foe to religion’s foe ; of Ruflia’s throne 
The prop, th’ avenger, and the pride in one ; 
Whofe conquering arms, in bold defiance hurl’d, 
Crufhed the rude monlter of the weftern world.” 

We have already, when we thought not that we 
jfhould fo foon be called upon to write his life, obferved, 
that he was a fcholar, a man of fcience, and a poet. 
M. Anthing allures us, that from his earlied years he 
was enamoured of the fciences, and improved himlelf in 
them ; but that as the military fcience was the foie ob- 
jeft of his regard, thofe authors of every nation who 
inveftigate, illuftrate, or improve it, engroffed his lite- 
rary leifure. Hence Cornelius Nepos was with him a 
favourite claflie ; and he ead, with great avidity and 
attention, the hiltories of Montecuculi and Turenne. 
Csefar, however, and Charles XII. (fays the fame au- 
thor) were the heroes whom he molt admired, and 
whofe activity and courage became the favourite objects 
of bis imitation. 

With refpe& to his moral character, we have every 
reafon to believe that he was a man of the molt incor- 
ruptible probity, immoveable in his purpofes, and in- 
violable in his promifes ; that the cruelties of which he 
has been accufed were the cruelties of Potemkin, and 
that by thofe who knew him he was confidered as a 
man of unqueftionable humanity. The love of his 
country, and the ambition to contend in arms for its 
glory, were the predominant pafiions of his aftive life; 
and to them, like the ancient Romans, he facrificed 
every inferior fentiment, and confecrated, without re- 
ferve, all the powers of his body and mind. His mili- 
tary career was one long and uniform courfe of fuccefs 
and triumph, produced by his enterprifing courage and 
extraordinary prefence of mind ; by his perfonal intre- 
pidity and promptitude of execution ; by the rapid and 
unparalleled movements of his armies ; and by their per- 
fett aflurance of vi&ory when fighting under his ban- 

* Secret ners. I know not, fays a writer *, by no means partial 
Memoirs of to him or to the caufe for which he laft fought, whe- 
tbe Court of Suworow was invincible; but it is certain that he 

died unconquered. No general can boaft of having 
beaten Suworow ; and very few, like him, have carried 
that reputation to the grave, after having, like him, wa- 
ged war for the fpace of fourty years, fometimes again!! 
the moll barbarous people, and fometimes againli the 
moll civilized nations. Such was Alexander Befilovitch 
Count Suworow. In the year 1774 he married a daugh- 
ter of the General Prince IwanProforowlki, by whom he 
had two children, now living : Natalia, married to Ge- 
neral Count Nicolai Zubow ; and Arcadius Count Su- 
worow, a youth of great promife, who accompanied his 
father in his unparalleled, march from Italy to Switzer- 
land. 

SWALLOW’s-Tail, in fortification, is a fingle 
tenaille, which is narrower towards the place than to- 
wards the country. 

SWAN (See Anas, Encycl.). It is now afeertain- 
ed, beyond the poffibility of doubt, that there are black 
fwans, of equal fize, and the fame habitudes, with the 
common white fwan of this illand. Thefe fowls have 
been feen chiefly in New Holland j and Captain Van- 
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couver, when there, faw feveral of them in very (lately Swinton. 
attitudes, fwimming on the wrater ; and, when flying, 
difeovering the under part of their wings and breaits 
to be white. Black fwans were likewife feen in New 
Holland by Governor Philips, Captain White, and by 
a Dutch navigator, fo long ago as in 1697. Gover- 
nor Philips deferibes the black fwan as a very noble 
bird, larger than the common fwan, and equally beau- 
tiful in form. Mr White indeed fays, that its fize is 
not quite equal to that of the European fwan ; but 
both thefe authors agree with Captain Vancouver in 
mentioning fome white feathers in its wings. 

SWINTON (John), a very celebrated Englilh an- 
tiquary, was a native of the county of Cheller, the fon 
of John Swinton of Bexton in that county, gent. He 
was born in 1703. The circumltances of his parents Biog. Di3 
were probably not affluent, as he was entered at Ox- 
ford in the rank of a fervitor at Wadham college. This 
was in Odlober 1719. It may be prefumed that he 
recommended himfelf in that fociety by his talents and 
behaviour, as on June 30. 1723 he was ele&ed a fcholar 
on a Chelhire foundation in the college. In the De- 
cember following, he took his fu ll degree in arts. Be- 
fore he became mailer of arts (which was on December 
1. 1726), he had chofen the church for his profelfion, 
and was ordained deacon by the bilhop of Oxford, May 
30. 1725 ; and was afterwards admitted to priefl’s or- 
ders on May 28. 1727. He was not long without 
fome preferment, being admitted to the redtory of St 
Peter le Bailey in Oxford (a living in the gift of the 
crown), under a fequellration, and inllituted to it in 
February 1728. In June the fame year, he was eledl- 
ed a fellow of his college ; but, defirous probably to 
take a wider view of the world, he accepted, not long 
after, the appointment of chaplain to the Englilh fac- 
tory at Leghorn, to which he had been chofen. In 
this fituation he did not long enjoy his health ; and 
leaving it on that account, he was at Florence in April 
1733, where he attended Mr Coleman, the Englilh en- 
voy, in his lalt moments. Mr Swinton returned thro* 
Venice and Vienna ; and, in company with fome Eug- 
lilh gentlemen of fortune, vifited Prelburgh in Hunga- 
ry, and was prefent at one of their alfemblies. 

It is pofiible that he had not quitted England in the 
fummer of 1730, for he was eledled a fellow of the 
Royal Society in June that year, and admitted about 
three months later It was probably while he was a- 
broad that he was admitted into fome foreign focieties ; 
namely, the academy degh Apat'ijlt at Florence, and the 
Etrufcan Academy of Cortona. On his return, he teems 
to have taken up his abode at Oxford, where he relided 
all the latter part of his life, and was for many years 
chaplain to the gaol in that city. It many be prefumed 
that he married in 1743 ; it was then, at leall, that he 
gave up his fellowfhip. In 1759 he became bachelor 
of divinity : in 1767, he was elected Cujlos Archivorumt 
or keeper of the univerfity records: and, on April 4. 
i 777, he died ; leaving no children. His wife furvived 
till 1784, and both were buried, with a very fhort and 
plain infeription, in the chapel of Wadham college. 

It remains to take notice of the moll important mo- 
numents of a literary man’s life, his publications. Thefe 
were numerous and learned, but not of great magni- 
tude. He publilhed, 1. “ De Linguae Etruriae Regalis 
vernacula Difl'ertutio,” 410, 19 pages, Oxon, 1738. 
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2. “A critical effay concerning the words an<l 
Aaifiiovwv, occafioned by two late inquiries into the mean- 
ing of the demoniacs in the New Teftament,” 8vo, 
London, 1739. 3* “ Le prifcis Romanorum literis 
differtatio,” 4to, 20 pages, Oxon, 1746. 4. “ De Pri- 
mogenio Etrufcorum Alphabcto, di^^ertatio,,, Oxon, 
1746. 5’. “ Infcriptiones Citieas : five in binas Infcrip- 
tiones Phoenicias, inter ruderaCitii nuper repertas, con- 
jeifurae. Accedit de nummis quibufdam Samaritanis 
et Phoeniciis, vel infolitam prge fe literaturam ferentibus, 
vel in lucem hadlenus non editis, differtatio,” 4to, 87 
pages, Oxon, 1750. 6. “ Infcriptiones Citieae : five 
in binas alias Infcriptiones Phcenicias, inter rudera Citii 
nuper repertas, conjeflune,” qto, 19 pages. 7. “ De 
nunnnis quibufdam Samaritanis et Phosniciis, vel infoli- 
tam prse fe literaturam ferentibus, vel in lucem hafte- 
nus non editis, diffeitatio fecunda,” 410, 36 pages. 8. 
“ Metilia: five de quinario Gentis Metilise, e nummis 
vetuftis caeteroquin minimum notse, diflertatio,” qto, 22 
pages, Oxon, 1750. 9. Several dilfertations publilhed 
in the Philofophical Tranfadlions of the Royal Society. 
As, “ A differtation upon a Parthian Coin ; with cha- 
racters on the reverfe refembling thofe of the Palmy- 
renes,” vol. xlix. p. 593. “ Some remarks on a Par- 
thian Coin, with a Greek and Parthian legend, never be- 
fore publiflied,” vol. 1. p. 16. “A dilfertation upon 
the Phoenician numeral characters anciently ufed at Si- 
don, vol. 1. p. 791. “ In nummum Parthicum haCte- 
nus ineditum conjeCturse,” vol. li. p. 683. “ A difler- 
tation upon a Samnite Denarius, never before publifii- 
ed,” vol. lii. p. 28. “ An account of a fubserated De- 
narius of the Plsetorian family, adorned with an Etruf- 
can infcription on the reverfe, never before publifhed or 
explained,” vol. Ixii. p. 60. “ Obfervations upon five 
ancient Perfian Coins, (truck in Paleftine or Phoenicia 
before the diffolution of the Perfian empire,” vol. Ixii. 
p. 345. Other papers by him may be found in the ge- 
neral index to the Philofophical TranfaCtions. 10. A 
part of the Ancient Univerfal Hiftory, contained in the 
fixth and feventh volumes of that great work. The 
particulars of this piece of literary hiftory were commu- 
nicated by Dr Johnfon to Mr Nichols, in a paper print- 
ed in the Gentleman’s Magazine for December 1784, 
p. 892. The original of that paper, which affords a 
ftrong proof of the fteady attachment of Johnfon to 
the interefts of literature, has been, according to his de- 
fire, depofited in the Britifh Mufeum. The letter is as 
follows : 

“ To Mr Nichols. 
“ The late learned Mr Swinton of Oxford having 

©ne day remarked, that one man, meaning, I fuppofe, 
no man but himfelf, could aflign all the parts of the 
Univerfal Hiftory to their proper authors, at the rc- 

quell of Sir Robert Chambers, or of myfelf, gave the Swinton, 
account which I now tranfmit to you in his own hand, 'V'*—' 
being willing, that of fo great a work the hiftory fhould 
be known, and that each writer (hould receive his due 
proportion of praife from pofterity. I recommend to 
you to preferve this fcrap of literary intelligence, in 
Mr Swinton’s own hand, or to depofite it in the Mu- 
feum, that the veracity of the account may never be 
doubted.—I am, Sir, your mod humble fervant, 

Dec. 6. 1784. Sam. Johnson.” 
The paper alluded to, befides fpecifying fome parts 

written by other perfons, afligns the following divifions 
of the hiftory to Mr Swinton himfelf. “ The hiftory 
of the Carthagians, Numidians, Mauritanians, Gaetu- 
lians, Garamantes, Melano-Gsetulians, Nigritae, Cyre- 
naica, Marmarica, the Regio Syrtica, Turks, Tartars, 
and Moguls, Indians, and Chinefe, a differtation on the 
peopling of America, and one on the independency of 
the Arabs. 

In the year 1740* Mr Swinton was involved in a 
law fuit, in confequence of a letter he had publifhed. 
It appears from a paper of the time*, that a letter*72<?C7j<tw» 
frcm the Rev. Mr Swinton, highly reflecting on Mr/’"’*'jor 

George Baker, having fallen into the hands of the lat- 
ter, the court of King’s Bench made the rule abfolutejyng^^* 
for an information againft Mr Swinton. Thefe two 1740. 
gentlemen were alfo engaged for fome time in a con- 
troverfy at Oxford ; which took its rife from a matter 
relative to Dr Thiftlethwaite, fome time warden of 
Wadham, which then attracted much attention. Mr 
Swinton had the manners, and fome of the peculiarities, 
often feen in very reclufe fcholars, which gave rife to 
many whimfical (lories. Among the reft, there is one 
mentioned by Mr Bofwell, in the Life of Johnfon, as 
having happened in the year 1754. Johnfon was then 
on a vifit in the univerfity of Oxford. “ About this 
time (he fays) there had been an execution of two or 
three criminals at Oxford, on a Monday. Soon after- 
wards, one day at dinner, I was faying that Mr Swin- 
ton, the chaplain of the gaol, and alfo a frequent 
preacher before the univerfity, a learned man, but often 
thoughtlefs and abfent, preached the condemnation fer- 
mon on repentance, before the convi&s, on the prece- 
ding day, Sunday ; and that, in the clofe, he told his 
audience, that he (hould give them the remainder of 
what he had to fay on the fubjed the next Lord’s day. 
Upon which, one of our company, a do&or of divinity, 
and a plain matter-of-facl man, by way of offering an 
apology for Mr Swinton, gravely remarked, that he 
had probably preached the fame fermon before the uni- 
verfity. Yes, Sir (fays Johnfon); but the univerfity 
were not to be hanged the next morning ! 

TACQUET 
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Tacquet r‘pACQUET ( Andrew), a Jefnit of Antwerp, who 
II 1 diedm 1660. He was a mod laborious and volumi- 

Tannlng. ^ noug vv,iter in mathematics. His works were collected, 
U'^V 'and printed at Antwerp, in one large volume m folio, 

1669. , _ , . . 
TALLOW-Tree. See Croton {EncycL), where, 

however, we have fallen into a midake, which it is here 
our duty to corred. We learn from Sir George Staun- 
ton, that the candles made of the vegetable tallow are 
firmer than thole made of animal tallow, and free from 
all offenfive fmell, contrary to what was r a fitly faid in 
the article referred to. They are not, however, equal 
to thofe of wax or fpe-rmaceti ; but the latter of thefe 
fubdances is not within the reach of the Chinele, and 
the art of blanching the former is little known to them. 
The tallow tree is faid to have been tranfplanted to 
Carolina, and to flourifii there as well as in China. 

TALOOK, an Arabic word, which fignifies lite- 
rally attachment, connedion, dependence. In Bengal, 
however, where it occurs perpetually in the enumera- 
tion of the didrids, and fubdiviiions of that province 
contained in the inditutes of Akber, it fignifies a te- 
nure of land. Hence the talook of Calhinat, the talook 
of Meheys the headman, the talook of Ahmed Khan, 
3cc. See A Differtation concerning the Landed Property 
of Bengal, by Sir Charles Roufe Bougbton. 

TALOOKDAR, the polfelfor of a talook. 
TALOOKDARY, tenure of a talookdar. 
TALUS, or Talud, in architedure, the inclination 

or flope of a work ; as of the outfide of a wall, when its 
thicknefs is diminifiied by degrees, as it rifes in height, 
to make it the firmer. 

Talus, in fortification, means alfo the flope of a 
work, whether of earth or mafonry. 

TAMASCAX, the name given in California to a 
kind of fand-bath employed by the natives in the cure 
of the venereal difeafe. It is prepared by fcooping a 
trench in the fand, two feet wide, one foot deep, and 
of a length proportioned to the fize of the patient; a 
fire is then made through the whole extent of it, as 
well as upon the fand which was dug out of the hollow. 
When the whole is thoroughly heated, the fire is re- 
moved, and the fand Itirred about, that the warmth 
may be equally diffufed. The fick perfon is then ftrip- 
ped, laid down in the trench, and covered up to tus 
chin with heated fand. In this pofition a very profufe 
fweat foon breaks out, which gradually diminifnes ac- 
cording as the fand cools. The patient then rifes and 
bathes in the fea, or the nearefl. river. This procefs is 
repeated till a complete cure is obtained. While the 
oatient is undergoing the operation of the tamafcal, he 
drinks a confiderable quantity of a warm fudorific, pre- 
pared by the decoftion of certain herbs, chiefly of the 
fhrub called by the Spaniards Gouvernante, which 
fee in this Supplement. _ 

TAN is a fubftance found in moll vegetables, which 
not having hitherto been refolved into component parts, 
is therefore confidered as Ample. See Vegetable and 
Animal Substances in this Suppl. 

TANNING is an art, of which a full account, ac- 
cording to the general pradtice in London and its vici- 
nity, has been given under the proper title in the Ett* 

• 

cyclopaedia. But fince that article was written, the fu- Tar Ring, 
perior knowledge wrhich has been obtained ot the tan- 
ning principal, as well as of the compofition of the 
Ikins of animals (See Vegetable and Animal Substances, 
Snpp/.), has fuggelled to feientific artifis various me- 
thods of fliorteniug the proccfs by which leather is ma- 
nufaftured. M. Seguin is faid to have thrown much 
light upon the art of the tanner as it is pradlifed in 
France; and in 1795 Mr William Defmond obtained 
a patent for pradlifing Seguin’s method in England. 
He obtains the tanning principle by digefting oak bark, 
or other proper material, in cold water, in an apparatus 
nearly fimilar to that ufed in the faltpetre works. That 
is to fay, the water which has remained upon the pow- 
dered bark fora certain time, in one veflel, is drawn off 
by a cock, and poured upon frefh tan. Ibis is again 
to be drawn off, and poured upon other frefh tan ; and 
in this way the procefs is to be continued to the fifth 
veflel. The liquor is then highly coloured, and marks, 
as Mr Defmond fays, from fix to eight degrees on the 
hydrometer for falts. He calls this the tanning lixi- 
vium. The criterion to diftinguifh its prefence is, that 
it precipitates glue from its aqueous folution, and is alfo 
ufeful to examine how far other vegetable fubflances, 
as well as oak bark, may be fuitable to the purpofe of 
tanning. The (trong tanning liquor is to be kept by 
itfelf. It is found by trials wnth the glue, that the 
tanning principle of the firfl digefter which receives the 
clear water, is, ot courfe, firit exhaufted. But the 
fame tan will ftill give a certain portion of the afbin-' 
gent principle, or gallic lixivium, to water. The pre- 
fence of this principle is afeertained by its linking a 
black colour when added to a fmall quantity of the fo- 
lution of vitriol of iron or green copperas. As foon as 
the water from the digeiter ceafes to exhibit this fign, 
the tan is exhaufted, and mull be replaced with new. 
The gallic lixivium is referved for the purpofe of taking 
the hair off from hides. 

Strong hides, after wafiling, cleaning, and flefhing, 
in the ufual way, are to be immerfed for two or three 
days in a mixture of gallic lixivium and one thoufandth 
part by meafure of denfe vitriolic acid. By this means 
the hair is detached from the hides, fo that it may be 
feraped off with a round knife. When fwelling or rai- 
ling is required, the hides are to be immerfed for ten 
or twelve hours in another vat filled with water and one 
five-hundredth part of the fame vitriolic acid. The 
bides being then repeatedly walhed and drelfed, are 
ready for tanning; for which purpofe they are to be 
immerfed for fome hours in a weak tanning lixivium of 
only one or two degrees; to obtain which, the latter 
portions of the infufions are fet apart ; or elfe fome of 
that which has been partly exhaufted by ufe in tanning. 
The hides are then to be put into a ftronger lixivium, 
where in a few days they will be brought to the fame 
degree of faturation with the liquor in which they are 
immerfed. The ftrength of the liquor will by this 
means be confiderably diminilhed, andmuft therefore be 
renewed. When the hides are by this means complete- 
ly faturated, that is to fay, perfe&ly tanned, they are 
to be removed, and flowly dried in the (hade. 

Calf Ikins, goat ikins, and the like, are to be fteeped 
in 
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Tarmrg, jn lime-water after the ufuai fielliing and wafting. Thefe 

laflie. pre tQ remaJn jn water, which contains more 
lime than it can difi’olve, and requires to be {lin ed feveral 
times a-day. After two or three days, the {kins are to be 
removed, and perfectly cleared of their lime by wafting 
and preffing'in water. The tanning procefs is then to 
be accomplifted in the fame manner as for the ftrong 
hides, but the lixivium muft be confiderably weaker. Mr 
Defmond remarks, that lime is ufed inltead of the gallic 
lixivium for fuch hides as are required to have a clofe 
grain : becaufe the acid mixed with that lixivium al- 
ways fwells the {kins more or lefs ; but that it cannot 
with the fame convenience be ufed with thick {kins, on 
account of the confider^ble labour required to clear 
them of the lime ; any part of which, if left, would 
render them harft and liable to crack. He recom- 
mends, likewife, as the heft method to bring the whole 
iurface of the hides in contatt with the lixivium, that 
they ftould be fufpended vei'tically in thg fluid by means 
of tranfverfe rods or bars, at fuch a diftance as not to 
touch each other. By this practice much of the labour 
of turning and handling may be faved. 

Mr Defmond concludes his fpecification, by obfer- 
trirg, that in fome cafes it will be expedient to mix freft 
tan with the lixivium ; and that various modifications 
of ftrength, and other circumftances, will prefent them- 
felves to the operator. He affirms that, in addition to 
the great faving of time and labour in this method, the 
leather, being more completely tanned, will weigh 
heavier, wear better, and be lefs fufceptible of moifture 
than leather tanned in the ufuai way ; that cords, ropes, 
and cables, made of hemp or fpeartery, impregnated 
with the tanning principle, will fupport much greater 
weights without breaking, be lefs liable to be worn out 
by fridlien, and will run more fmoothly on pulleys ; in- 
fomuch that, in his opinion, it will render the ufe of 
tar in many cafes, particularly in the ngging of ftips, 
unneceffary ; and, laftly, that it may be fubftituted for 
the preiervation of animal food inftead of fait. 

Mr Nieholfon, from whofe Philofophical Journal we 
have taken this account of Mr Defmond’s method of 
tanning, made fome very proper enquiries at one of the 
firlt manufafturing houfes in the borough of South- 
wark, concerning its value. He was told by one of 
the partners, that the principle upon which the new 
procefs is founded had bten long known to them ; but 
that they preferred the old and {lower method, becaufe 
the hides are found to feed and improve in their quality 
by remaining in the pit. He could gain no fatisfa&ory 
information of what is meant by this feeding and im- 
proving ; and, without taking upon us to decide be- 
tween the advantages peculiar to Defrnond’s method 
and thofe of the common praftice, we cannot help fay- 
ing that this obje&ion of the tanner at Southwark ap- 
pears to us to be that of a man who either underftanda 
not the principles of his own art, or has fome reafon 
for oppofmg the progrefs of improvement, if it do not 
originate in his own houfe. 

BASSIE (Japies) modeller, whofe hillory is inti- 
mately connedted with a branch of the fine arts in Bri- 
tain, was born in the neighbourhood of Glafgow 
of obfeure parents : and began his life as a country 
ftone-mafon, without the expedtation of ever rifing 
higher. Going to Glafgow on a fair day, to enjoy 
himfelf with his companions, at the time when the 
Foulia s were attempting to eltablift an academy for 
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the fine arts in that city, he faw their colledlion of 
paintings, and felt an irrefiftible impulfe to become a 
pairiter. He removed to Glafgow; and in the academy 
acquired a knowledge of drawing, which unfolded and 
improved his natural tafte. He was frugal, induftrious, 
and perfevering; but he was poor, and was under the 
neceffity of devoting himi'elf to ftone-cutting for his fup- 
port : not without the hopes that he might one day be 
a ftatuary if he could not be a painter. Reforting to 
Dublin for employment, he became known to Dr Quin, 
who was amuling himfelf in his leifure hours w-ithen- 
deavouring to imitate the precious ftones in coloured 
pailes, and take accurate impreffions of the engravings 
that were on them. 

That art was known to the ancients ; and many fpe- 
cimens from them are now in the cabinets of the curi- 

l t feems to have been loll in the middle ages ; 

Tattle. 

ous. 
was revived in Italy under Leo X. and the Medici fa- 
mily at Florence ; became more perfect in France under 
the regency of the Duke of Orleans, by his labours and 
thofe of Homberg. By thofe whom they inftruded as 
affillants in the laboratory it continued to be pradifed 
m Paris, and was carried to Rome. Their art was 
kept a fecret, and their colledions were fmall. It is 
owing to Quin and to Taffie that it has been carried to 
fuch high perfedion in Britain, and attraded the atten- 
tion of Europe. 

Dr Quin, in looking out for an affiilant, foon difeove- 
red T affie to be one in whom he could place pei fed con- 
fidence. He was endowed with fine talle : he w as mo- 
ddl and unafiuming: he was patient ; and poffeffed the 
highell integrity. The Dodor committed his laboratory 
and experiments to his care. The affociates were fully 
fuccefsful; and found themfelves able to imitate all the 
gems, and take accurate impreffions of the engravings. 

As the Dodor had followed the fubjed only for his 
amufement, when the dilcovery was completed, he en- 
couraged Mr Taffie to repair to London, and to devote 
him fell to the preparation and fale of thofe paftes as his 
profeffion. 

In 1766 he arrived in the Capital. But he w£s dif- 
fident and modefi to excefs ; very unfit to introduce 
limit elf to the attention of perfons of rank and of af- 
duence . befides, the number ol engraved gems in Bri- 
tain was fmall ; and thofe lewr were little noticed. He 
long llruggled under difficulties which would have dif- 
couraged any one who was not pofieffed of the greateft 
patience, and the vvarmeit attachment to the fubjeft. 
Fie gradually emerged from obfeurity, obtained com- 
petence ; and wdiat to him was much more, he was able 
t.o uici cafe his colledlion, and add higher degrees of per- 
fection to his art. His name foon became refptCled, 
unu the fiift cabinets in Europe were open for his ufe; 
and he uniformly preferved the greateft attention to the 
exaftnefs of tne imitation and accuracy of the engra- 
ving, io that many of his pafteS were fold on the Con- 
tinent by the fiaudulent for real gems. His fine tafte 
led him to be peculiarly caretul of the impreflion ; and 
he uniformly deftroyed thofe with which he w’as in the 
lenft diftatisfied. The art has been pra&ifed of late by 
others ; and many thoufands of paftes have been fold as 
I affie s, which he would have confidered as injurious 
to his fame. Of the fame of others he was not envious ; 
for he uniformly fpake with franknefs in praife of thofe. 
who executed them well, though they were endeavouri 
ing to rival himfelf. 

To 
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To tlie ancient engravings lie added a numerous col- 
le&ion of the molt eminent modern ones ; many of 
which approach in excellence of wovkmanlhip, if not in 
fimplicity of defign and chaftity of exprefTion, to the 
molt celebrated of the ancient. Many years before he 
died he executed a commiffton for the late l^mprefs of 
Rullia, confiding of about 15,000 different engravings 
(See Gem, isVyc/.). At his death, in 1799, they 
amounted to near 20,000 ; a collection of engravings 
unequalled in the world. Every lover of the line arts 
mult be fenfible of the advantage of it for improvement 
in knowledge and in taite. The collection of Feloix at 
Paris confided of 1800 articles; and that of Dehn at 
Rome of 2500. 

For a number of years, Mr Taflie praftifed the mo- 
delling of portaits in wax, which he afterwards mould- 
ed and ca(t in palle. By this, the exadt likenefs of 
many eminent men of the prefent age will be tranfmit- 
ted to polterity as accurately as thofe of the philolo- 
phersand great men have been by the ancient ftatuaries. 
In taking likenelfes he was, in general, uncommonly 
happy ; and it is remarkable, that lie believed there was 
a certain kind of infpiration (like that mentioned by 
the poets) necefiary to give him full fuccefs. The wri- 
ter of this article, in converfing with him repeatedly 
on the fubjedl, always found him fully perfuaded of it. 
He mentioned many inftances in which he had been di- 
refted by it ; and even fome, in which, after he had la- 
boured in vain to realize bis ideas on the wax, be had 
been able, by a fudden flafn of imagination, to pleafe 
himfelf in the likenefs feveral days after he had lafl feen 
the original. WP 
' He poflefled alfo an uncommonly fine tafle in archi- times as large at one time as at another, whilft in the 
tedfure, and would have been eminent in that branch if cat the proportion is greater than a hundred to one. 

TEKAWY, in Bengal, money advanced by govern- Tekawy 
ment to the proprietors or cultivators of land to aflilt l'! 

them under circundt&nces of diltrefs. mairnfthe 
TELESCOPE, is an inflrument which has been fo Scale of 

completely defcribed in the Encyclopaedic!, that it is in- Mutic. 
troduced into this place merely to notice an ingenious v— 
fuggeilion of Mr Nicholfon’s for improving the achro- 
matic telefcope, by adding an artificial iris to the object 
glafs. Suppoie (fays he) a brafs ring to furround the 
qbjedl end of the telefcope, and upon this let eight or 
more triangular flips of brafs be fixed, fo as to revolve 
on equi dillant pins paffing through each triangle near 
one of its corners. If the triangles be flided inwards 
upon each other, it may readily be apprehended that 
they will clofe the aperture ; and if they he all made to 
revolve or Aide backwards alike, it is clear that their 
edges will leave an odlagonal aperture, greater or lefs 
according to circumftances. The equable motion of 
all the triangles may be produced either by pinions and 
one concave toothed wheel, or by what is called fnail- 
work. Another kind of iris, more compadl, may be 
made, by caufing thin elaflic flips of brafs to Aide along 
parallel to the lube, and be condudled each through a 
flit in a brafs cap which fhall lead them acrofs the aper- 
ture in a radial diredlion. It is probable alfo that the 
artifi, who fhall carry thefe hints into efFedf, may alfo 
think of feveral other methods. 

This thought occurred to the author, from contem- 
plating the contradtion and dilatation of the iris of the 
eye, according as we look at an objedt more or lefs lumi, 
nous. Thefe variations are fo great, that in the obfer- 
vable variations of the human eye, the aperture vs thirty 

TEMPERAMENT of the scale of Music.introdac- 
When the confiderate reader refledts on the large and.tian. 
almoft numberlefs diAertations on this fubjedl, by the 
moft eminent philofophers, mathematicians,, and artifts,. 
both of ancient and modern times, and the important 

by Profeffor Trommfdorff to a new Ample earth, which points which divided, and dill divide, their opinions, 
he difeovered in the Saxon beryl. It is diftinguifhed he will not furely expedf, in a Work like oyr’s, the de- 
(he fays) from other earths by the following proper- cifion of a queftion which has hitherto eluded their re- 
ties : It is white, and totally infoluble in water. In fearches. He will rather be difpofed, ])erhaps, to won- 

der how a fubjedt of this nature ever acquired fuch im- 

he had followed it. 
In private life Mr Taffie was univerfally efteemed for 

his uniform piety, and for the fimplicity, the modefty, 
and benevolence, that fhone in the v.diole of his charadler. 

TASTELESS Earth (^yw/? er^/e), the name given 

a frefb date, when moidened with water, it is lome- 
what dudlile. In the fire it becomes tranfparent and 
very hard, fo as to fcratch glafs, but remains infipid 
and infoluble in water. The burnt eartli diffolves very 
eafily in acids, and produces with them peculiar falls, 
which are entirely devoid oftade; and hence he gave it 
the name of tajlelefs earth. Fixed alkalies do not dii- 
folve this ea th either in the dry or in the wet way ; 
and it is equally infoluble with the carbonic acid and 
with caudic ammonia. It has a greater adinity to the 
oxalic than to other acids. ProfeAbr Trommfdorff in- 
forms us, that a full account of this earth, accompanied 
with an accurate defeription, by Dr Bernhardi, of the 
fodil in -which it is found, will appear in the fird part 
of the eighth volume of his 'Journal of Pharmacy. 

TEETH, of various forts of machines, as of mill 
wheels', otc. Thefe are often called cogs by the work- 
men ; and by working in the pinions, rounds or trftndles, 
the wheels are made to turn one another. Mr Emerfon 
(in his Mechanics, prop. 25.) treats of the theory of 
teeth, and fhews that they ought to have the figure of 
epicycloids, for properly working in one another. 

Suppl. Vol. II. Part II. 

portance in the minds of perfons of acknowledged ta- 
lents (for furely no perfon will refufe thj§ claim to Py- 
thagoras, to Aridotle, Euclid, Ptolemy, Galileo, Wallis,. 
Elder, and many others, who have written elaborate 
treatifes on the fubject); and his furprife will increafe, 
when he knows that the treatifes on the fcale of mufic 
are as numerous and voluminous in China, without any 
appearance of their being borrowed from the ingenious 
and fpeculative Greeks. 

The ingenious, in all cultivated nations, have remark- 
ed the great infiuence of mulic; and they found no dif- 
ficulty in perfuading the nations that it was a gift of 
the gods. Apollo and his faered choir are perhaps the , 
mod refpeftable inhabitants of the mythological heavens 
of the Greeks. Therefore all nations have confidered 
mufic as a proper part of their religious worAiip. We 
doubt not but that they found it At for exciting or 
fupporting thofe emotions and fentiments which w'ere 
fuited to adoration, thanks, or petition. Nor would the 
Greeks have admitted mufic into their ferious dramas, 
if they had not perceived that it heightened the effedl. 

4 N 1 The 
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iTenjpera- l^he fame experience made them employ it as an aid to 
,H)ent of ihc m;i|tary ernhufiafm ; and it is recorded as one of the 

Mufic. refpeflable accomplifhments of Epaminondas, that he 
had the mufical inltruftions of the firtt maflers, and was 
eminent as a performer. 

Thus was the itudy of mafic ennobled, and recom- 
mended to the attention of the greatest philofophers. 
•Its cultivation was held an objeft of national concern, 
,and its profeifors were not allowed.to corrupt it in or- 
der to gratify the faftidious tafte of the luxurious or 
the fenfualift, who fought from it nothing but amufe- 
ment. But its influence was not confined to thefe pub- 
lic purpofes ; .and, while the men of fpeculation found 
in mufie an inexhauftible fund of employment for their 
genius and penetration, and their poets felt its aid in 
their compofitions, it was hailed by perfons of all ranks 
ns the foother of the cares and anxieties, and fweetener 

l of the labours of life. 0 Phccbe decus !—laborum dulce 
lenimen. Poor Ovid, the vi&im of what remained of 
good in the cold heart of O&avius, found its balm. 

Exul eram (fays he) : requicfque mihi, ncn Jama petit a ejl. 
Mens intenta Juts neforet ufquetnalis. 

Hoc ejl cur ccmtet vinftus quoque compede fojfor, 
Indoclli r}wnero cum grave mo/tit opus. 

Cautet et imitens Umofce promts arena 
/idverfo tardam qui trabit atnne rat cm, 

dht'ique ferens par iter lent os ad peflorp remos, 
In numerum pulfd Irachia verfat aqua. 

Fejfus ut incubuit baiulo, faxcve refedit 
Pajlor ; arundineo carmine mulcet oves. 

Cantantis pariter, pariter data penfa trahcntis 
Faltiiur ancilla, decipilurqu» labor. 

It is .chiefly in this humble department of mufical in- 
(luence that we propofe at prefent to lend our aid. 
What has been laid in the article Music, Encycl. is 
fufficient for informing the reader of what is received 
as the fcale of mufic, and the inequality of its dift'erent 
Aeps, the tones major and minor, femitone, comma, &c. 
We (hall only obferve, that what is there delivered on 
temperament by M. d’Alembert, after Rameau, bears 
the evident mark of uncertainty or want of confidence 
in the principle adopted as the rule of temperament ; 
and we have learned, fince the printing of that article, 
that the inftru&ions there delivered have not that per- 
fpicuity and precifion that are necefl’ary for enabling a 
perfon to execute the temperament recommended by 
Rameau ; that is, to tune a keyed initrument with cer- 
tainty, according to that fyftem or conftrudlion of the 
fcale. 

If fuch be the cafe, we are in fome meafiire difap- 
pointed ; becaufe we felefled that .treatife of D’Alem- 
bert as the performance of a man of great eminence as 
a mathematician and philofopher, aiming at public in- 
Itruftion more than his own fame, by this elementary 
abitracl of the great work of the moll eminent mulician 
in France. 

To be able to tun,e a harpfichord with certainty and 
accuracy, ieems an in,difpenfable qualification of any per- 
fon worthy of the name of a mufician. It would cer- 
tainly be thought an unpardonable deficiency in a violin 
performer if he could not tune his inflrument ; yet we 
are well informed, that many profelfional performers on 
the harpfichord cannot do it, or cannot do it any other 
.jyay than by uncertain and painful trial, and, as it were. 

Scale of 
mufic. It 
requires 
tempera- 
.rqeut. 

Few tan 
tune a 
harpfi- 
chord; 

groping in the dark ; and that the tuning of harpfi- Temper^, 
chords and organs is committed entirely to tuners byment °f die : 
.prpfeflion. Tin’s is a great inconvenience to perfons Mufk* 
,refiding in the country; and therefore many.take l^lTnnQ . 1- 
from the profefled harpfichord tuners, who alfo profefs 

ito teach this art. We have been .prefent during fome 
of thefe leffons ; but it did not appear to us that the 
jnftru&ions were fuch as .could enabl« the fcholar to 
tune an inllrument when alone, unlefs the leffons had 
.been Ip frequent as to form the .enr tp.an inflantaneous 
judgment pi tune by the fame fiabit that had inftrudled 
the teacher. There feemed to be little principle that 
could.be treafured up and.recollected jvlien wanted. ^ 

Yet we .cannot help thinking that there are pheno- Yet Na- 
mena or faCts ;ip .muiic, Sufficiently .precife to furniffi ture fur- 
principles of abfofute .certainty .for enabling us to pro-j^1®5*" 
duce temperaments qf the fcale which Ifiall have deter-mea]1‘s 0p 
piined characters, and among which we may choofe doing this. [ 
fuch a one as ihaU be preferable to the others, accord- 
.ing to the purpofes we have in view ; and we think 
that thefe principles are of fuch eafy application, that 
any perfon,,of a moderate fenfibility to juft intonation, 
,may, without much knowledge or praCtice in mufic, 
tune his harpfichord with all defirable accuracy. We 
pvopofe to lay thefe before the reader. We might 
content ourfelyes with limply giving the praClical rules 
deduced from the principles ; but it is furely more de- 
firable to perceive the validity qf the principles. This 
will give us confidence in the dedpeed rules of praftice. 
In the employment of facred mufic, an infpired writer 
counfels us to ling, not only “ with the heart, but with 
the underftanding alfo.” We may, without irreverence, 
recommend the fame thing here. Let us therefore at- 
tend a little to the diClate of untutored Nature, and fee 
how {he teaches all mankind to form the fcale .of me- 
lody. 

It is a moil remarkable fad, that, in all nations, how- All natiqng 
ever they may differ in the ftruClure of that chauntfir£ by one 
which we call the accent, or tone, or twang, in the col-^ca e* 
loquial language of a particular nation, or in the favourite 
phrafes or paffages which are moft frequent in their 
fongs, all men make ufe of the fame riles and falls, or 
infledions of voice, in their mufical language or airs. 
We have heard the fongs of the Iroquois, the Cherokee, 
and the Efquirnaux, of the Carib, and the inhabitant of 
Paraguay ; of the African of Negroland and of the 
Cape, and of the Hindoo, the Malay, and the native o,f 
Otaheite—and we found none that made ufe of a diffe- 
rent fcale from our own, although feveral feemed to be 
very forry performers by any fcale. There mull be 
fome natural foundation for this uniformity. Wc may 
never difeover this; but we may be fortunate enough to 
difeover fads in the phenomena of found which invari- 
ably accompany certain modifications of mufical fenti- 
ment. If we fucceed, we are intitled to fuppofe that 
fuch infeparable companions are naturally conneded ; 
and to conclude, that if we can infure the appearance of 
thole fads in found, we ftial,! alio give occafion to thofe 
mufical fentiments or imprefijons. ^ 

There is a quality in lengthened or continued found Muficaji 
which we call its pitch or note, by which it may be ac-Pltch, 
counted {brill or hoarfe. It may be very hoarfe in the w^at - 
beginning, and during its continuance it may grow 
more and more flirill by imperceptible gradations. In 
this cafe we are fe.nfible of a kind of progrefs from the 

one 
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one (late of found to the other. Thus, while we gently 
draw the bow acrofs the firing of a bafs viol, if we 
at the fame time Hide the finger ftowly along the firing, 
from the nut toward the bridge, the found, from being 
hoarfe, becomes gradually acute or ihrill. Hoarfe and 
fhrill therefore are not different qualities, although they 
have different names, but are different flates or degrees 
of the fame quality, like cold and heat, near and far, 
early and late, or, what is common to all thefe, little 
and great. A certain flate of the air is accounted 
neither hot nor cold. All flates on one fide of this are 
called warm, or hot; and all on the other are cold. In 
like manner, a certain found is the boundary'between 
thofe that are called hoarfe and thbfe called fhrill. The 
chemill is accuftomed to fay, that the temperature of a 
body is higher when it is warmer^ and lower when 
colder. In like manner, we are accuftomed to fay, that 
a perfon raifes or depreffes the pitch of his voice when 
it becomes more fhrill or more hoarfe. The ancient 
Greeks, however, called the fhriller founds low, and the 
hoarfer founds high ; probably becaufe the hoarfer founds 
are generally ftronger or louder, which we are alfo accuf- 
tomed to confider as higher. In common language, a 
low pitch of voice means a faint found, but in mufical 
language it means a hoarfer found. The found that is 
neither hoarfe nor fhrill is fome ordinary pitch of voice, 
but without any precife criterion. 

The change obferved in the pitch of a violin firing, 
when the finger is carried along the finger-board with 
a continued motion, is alfo continuous ; that is, not by 
ftarts : we call it gradual, for want of a better term, al- 
though gradual properly means gradatim, by degrees, 
fleps, or ftarts, which are not to be diflinguifhed in this 
experiment. But we may make the experiment in an- 
other way. After founding the open firing, and while 
the bow is yet moving acrofs it, w'e may put down the 
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je&ure about it, has been of great fevvice in the feience Tempers- 
of mufic, by making us fearch for fome precife meafure m^ie Jf* 

finger about Jy inches from the nut. This will change 
the found into one which is fenfibly fhriller than the 
former, and there is a manifefl flart from the one to 
the other. Or we may put down the finger 2J- inches 
from the nut; the found of the open firing will change 
to a fhriller found, arid we are fenfible that this change 
or flep is greater than the former. Moreover, we may, 
while drawing the bowacrofs the firing, put down one 
finger at ly inches, and, immediately after, put down 
another finger at 2^ inches from the nut. We fhall 
have three founds in fucceffion, each more fhrill than 
the preceding, with two martifeft Heps, or fubfultory 
changes of pitch.* 

Now fince the laft found Is the fame as if the fecond 
had not been founded, we muff conceive the fum of the 
two fucceffive changes as equivalent or; equal to the 
change from the firft to the third; Thii nhatfge feems 
fomehow to include the other two, ’arid to be rnade up 
of them, as-a whole is- madenipi'pf hVi-pirM, -’or ;as* 24- 
inches are made up of iy arid ^of^arfirich, or‘as the 
fum 15 is made up of 10 arid ‘5; * 

Thus it happens that thiiikiri^ perfons conceive fome- 
thing like or analogous to a -difiance, or interval, be- 
tween thefe founds. It is plain, 'however, that there 
can be no real ditlance or1 fpace interpofe’d between 
them ; and it is not eafy to acquire a diflinft notion of 
the bulk or magnitude of thefe intervals. * This concep- 
tion is purely figurative and analogical; but the ana- 
logy is very good, and the obfervation of or con- 

of thofe manifefl intervals of mufical founds. 
It muff row be remarked, that it is in this refpeft 

alone that founds are fufceptible of mufic. Nor are all 
founds poffeffed of this quality. The fmack of a whip, 
the explofion of a mufket, the ruffling of water or wind, 
the feream of fome animals, and many other founds, 
both momentary and continuous, are mere noifes; and 
can neither be called hoarfe nor fhrill. But, on the 
other hand, many founds, which differ in a thoufand 
circumflances of loudnefs, fmootlmefs, mellownefs, &e. 
which* make thefn pleafant or difagreeable, have this 
quality of mufical pitch, and may thus be compared. 
The voice of a man or woman, the found of a pipe, a 
bell, a firing, the voice of an animal, nay, the lingle 
blow on an empty caffe—may all have one pitch, or we 
may be fenfible of the interval between them. We can, 
in all cafes, tighten or ffacken the firing of a violin, till 
the moll uninformed hearer can pronounce with cer- 
tainty that the pitch is the fame. We are indebted to 
the celebrated Galileo for the difeovery of that phyfi- 
cal circumflance in all thofe founds which communicates 
this remarkable quality to them, and even enables us 
to induce it on' any noife whatever, and to determine, 
with the utmofl precifion, the mufical pitch of the 
found, and the interval between any two fuch founds. 
Of this we fhall fpeak fully hereafter ; and at prefent we 
only obftrve, that two founds, having the fame pitch, 
afe called unisons by mulicians, or are faid to be in 
uiiifon to one another. 

When two untaught men attempt to fing the fame 
air together, they always fing in unifdn, unlels they ex- 
prefsty mean to fing in different pitches of voice. Nay, 
it is an extremely difficult thing to do otherwife, except 
in a few very peculiar cafes. Alfo, when a man and. 
woman, wholly uiiiuftrinffed in mufic, attempt to fing 
the fame air, they alfo mtan to fing the fame mufical 
notes through the whole air; and they generally ima- 
gine that they do fo. But there is a manifeft diffe- 
rence in the founds which they utter, and the woman is 
faid to fing move shrill, and the man more hoarse. 
A very plain experiment, however, will convince them 
that they are miftaken. N. B. We are now fuppoling 
that the performers have fo much of a mufical ear, and 
flexible voice, as to he able to fing a common ballad, or 
a pfalm tune,- with tolerable exa&nefs, and that they can 
prolong or dwell upon any particular note when defired. 

Let them fing the common pfalm tune called St Da- 
vid s, in the fame way that they praftiie at church; 
and when they have done it two or three times, in or- 
der to fix their voices in tune, and to feel the general 
impreflion of the tune, let the woman hold on in the 
fir ft note of the tune, which we fuppofe to be g, while 
the man lings the firil three in fucceffion, namely g^d, g. 
He will ndw perceive, that the laft note fung by him- 
felf is the fame with that fung by the woman, and which 
fhe thinks* that fhe is Hill holding on in the firft note 
of the tune. Let this be repeated till the performance 
becomes eafy. They will then perceive the perfect 
fariienefs, in refpedt of mufical pitch, of the woman’s 
fifft note of this trine and the man’s third note. Some 
difference, however, will ftrll he perceived ; but it will 
not he in the pitch, but in the fmoothnefs, or clearnefs, 
or o'tlver agreeable quality of the woman’s note. 
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Tempera- When this is plainly perceived, let the man try by 
ment of the wjiat continued liens he mull raife his pitch, in order 
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to arrive at the woman’s note trom his own. it he is 
accuflomed to common ballad Tinging, he will have no 
great difficulty in doing this ; and will find that, be- 
ginning with his own note, and Tinging gradually up, 
his eighth note will be the woman’s note. In Ihort, if 

rural fcile, two flutes be taken, one of which is twice as long as 
and eight the other, and if the man fing in unifon with the large 

flute, the woman, while Tinging, as Ihe thinks, the Tame 
notes with the man, will be found to be Tinging in uni- 
fon with the fmaller flute. 

This is a remarkable and moll important fa£t in the 
phenomena of mufic. This interval, comprehending 
and made up of feven fmaller intervals, and requiring 
eight founds to mark its Heps, is therelore called an 
octave. Now, fmce the female performer follows the 
fame diblates of natural ear in Tinging her tune that the 
man follows in finging his, and all hearers are fenfible 
that they are finging the fame tune, it necefiarily fol- 
lows, that the two ftriefesof notes are perfectly fimilar, 
though not the fame : For there mull he the fame in- 
terval of an odlave between any llep of the lower o£lave 
and the fame Hep of the upper one. In whatever way, 
therefore, we conceive one of thefe odlaves to be parcelled 
out by the different fteps, the partition of both mull be 
fimilar. If we reprelent both by lines, thefe lines mull 
be fimilarly divided. Each partial interval of the one 
mull bear the fame relation to the whole, or to any o- 
ther interval, ,as its fimilar interval in the other o£tave 
bears to the whole of that otlave, or to the other cor- 
refponding interval in it. 

Farther, we mull now obferve, that although this fi- 
milarity of the odlaves was firll obferved or difcovered 
by means of the ordinary voices of man and woman, 
and is a legitimate inference from the perfedl fatisfac- 
tion that each feels in finging what they think the fame 
notes, this is not the only foundation or proof .of the 
fimilarity. Having acquired the knowledge of that 
phyfical circumftance, on which the pitch of mufical 
founds depends, we can demonllrate, with all the ri- 
gour of geometry, that the feveral notes in the man and 
woman’s odlave mujl have the fame relation to their re- 
fpedlive commencements, and that thefe two great in- 
tervals are fimilarly divided. But farther Hill, we can 
demonftrate that this limilarity is not confined to thefe 
two odlaves. This may even be proved, to a certain 
extent, by the fame original experiment. Many men 
can fmg two odlaves in fucceffion, and there are fome 
rare examples of perfons who can fing three. This is 
more common in the female voice. This being the cafe, 
it is plain that there will be two odlaves common to 
both voices; and therefore four odlaves in fucceffion, 
all fimilar to each other. The fame fimilarity may be 
obferved in the founds of inftruments which differ only 
by an odlave. And thus we demonftrate that all oc- 
taves are fimilar to each other. This fimilarity does 
not confift merely in the fimilarity of its divifion. The 
found of a note and its odlave are fo like each other, 
that if the llrength or loudnefs be properly adjuiled, and 
there be no difference in kind, or other circumftances of 
clearnefs, fmoothnefs, &c. the two notes, when founded 
together, are indiftinguilhable, and appear only like a 
more brilliant note. They coalefce into one found. Nay, 
moft clear mellow notes, fuch as thole of a fine humiin 
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voice, really contain each two notes, one of which is oc. Tempera, 
tave to the other. ment of the 

We faid that this refemblance of odlaves is an im- ^a,c of 

portant fact in the fcience of mufic. We now fee why ■ “fic‘ 
it is fo. Ihe whol: fcale of mufic is contained in one 14 
odlave, and all the reft are only repetitions of this fcale. A11 muTc 

All odtaves 
are fimilar. 

And thus is the dodlrine of the fcale of melody broiurht !:onta’:ne(1 

•. 1 • , ^ . o m the oc- within a very moderate compafs, and the problem is re-tave;he 
duced to that of the repartition of a fingle odtave, and called D14, 
fome attention to the jundlion with the fimilar fcalcs of t’AS0N* 
the adjoining odlaves. Fhis partition is now to be the 
fubjedl of difeuffion. ^ 

In the infancy of fociety and cultivation, it is pro-Melodies, 
bable that the melodies or tunes, which delighted the °.r tunes> 
Ample inhabitants, were equally fimple. Being the 
fpontaneous effufions of individuals, perhaps only occa-mufic! 
fienal, and never repeated, they would perifli as fall as 
produced. The airs were probably connedled with 
fome of the rude rhimes, or gingles of words, which 
were banded about at their feilivals ; or they were af- 
fociated with dancing. In all thefe cafes they mull 
have been very ftiort, confifting of a few favourite paf- 
fages or mufical phrafes. This is the cafe with the com- 
mon airs of all fimple people to this day. They feldom 
extend beyond a fiiort llanza of poetry, or a Ihort 
movement of dancing. The artift who could compote 
and keep in mind a piece of considerable length, muft 
have been a great rarity, and a minftrel fit for the en- 
tertainment of princes; and therefore much admired, 
and highly rewarded : his excellencies were almoft in- 
communicable, and could not be preferved in any other 
way but by repeated performance to an attentive hear- 
er, who mull alfo be an artift, and muft patiently liften, 
and try to imitate ; or, in ftiort, to get the tune by 
heart. It muft have been a long time before any di- 
ftimfl notion was formed of the relation of the notes to 
each other. It was perhaps impoffible to recolledl to- 
day the precife notes of yefterday. There was nothing 
in which they were fixed till inftrumental mufic was in- 
vented. This has been found in all nations ; but it ap- 
pears that long continued cultivation is neceffary for 
raifing this from a very fimple and imperfed ftate. The 
moft refined inftrument of the Oretk muficians was 
very far below our very ordinary inftruments. And, 
till fome method of notation was invented, we can 
fcarcely conceive how any determined partition of the 
odlave could be made generally known. T(J 

Accordingly, we find that it was not till after a long key-notk 
while, and by very rude and awkward fteps, that the or Funda- 
Greeks perceived that the whole of mufic was compri-MENTAU 

fed in the odlave. The firil improved lyre had but four 
firings, and was therefore called a tetrachord; and 
the firft flutes had but three holes, and four notes; and 
when more were added to the fcale, it was done by joining 
two lyres and two flutes together. Even this is an in- 
ftrudlive ftep in the hiltory of mufical fcience : For the 
four founds of the inftrument have a natural fyftem, 
and the awkward and groping attempts to extend the 
mufic, by joining two inftruments, the fcale of the one 
following, or being a continuation of that of the other, 
pointed out the diapason or totality of the odlave, and 
the relation of the whole to a principal found, which 
we now call the fundamental or key, it being the lowefl 
note of our fcale, and the one to which the other notes 
bear a continual reference. It would far exceed the 

limits 
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Tempera* limits of this Work to narrate the fuccefiive changes 
ment of the anci additions made by the Greeks in their lyre ; yet 

Scale of wouy this be a very fare way of learning the natural 
formation cfour mulical fcale. We muft refer our readers 
to Dr Wallis’s Appendix to his edition of the Commen- 
tary of Porphyrins in Ptolemy’s Harmonics, ashy far the 
molt perfpicuous account that is extant oi the U-reek 
mufic. We fliall pick out from among their different at- 
tempts fuch plain obfervations as will be obvious to the 

j_ feelings of any perfon who can fing a common tune. 
The o&ave Let fuch a perfon firft fing over fome plain and 
is natural y cheerful, or at leaft not mournful, tune, feveral times, 
divided in- as to ret3;n a lading impreffion of the chief note of 

the tune, which is generally the lait. Then let him 
begin, on the fame note, to ling in fuccefiion the riling 
fteps of the fcale, pronouncing the fyllables do, re, mi, 
fa, fol, la, ft, do. ITe will perhaps obferve, that this 
chaunt naturally divides itfelf into two parts or phrafes, 
as the muficians term it. It he does not, of himfelf, 
make this remark, let him ling it, however,^ in that 
manner, pauling a little after the note fa. Thus, do, 
re, mi, fa.; fol, la, ft, do.—Do, re, mi, fa ',fol, la,Ji, do. 

Having done this feveral times, and then repeated it 
without a paufe, he will become very fenfible of the 
propriety of the paufe, and of this natural divifion of 
the oftave. He will even obferve a conliderable fimila- 
rity between thefe two mufical phrafes, without being 
able, at firft, to fay in what it con fills. 

Let him now ftudy each phrafe apart, and try to 
compare the magnitude of the changes ot lound; or Heps 
which he makes in rifing from do to re, from re to mi, 
and from mi to fa. W e apprehtyid that he will have 
no difficulty in perceiving, after a few trials, that the 
fteps do re, and re mi, are fenfibly greater than the ftep 
mi fa. We feel the laft ftep as a fort of Aide ; as an 
attempt to make as little change of pitch as we can, 
Once this is perceived, it will never be forgotten. This 
will be Hill more clearly perceived, if, inhead of tbefe 
fyllables, he ufe only the vowel a, pronounced as in the 
word hall, and if he fing the fteps, Hiding or flurring 
from the one to the other. I aking this method, he 
cannot fail to notice the fmallnefs ot the thud ftep. 

Let the finger farther confider, whether he does not 
feel this phrafe mufical or agreeable, making a tort of 
tune or chaun’t, and ending or clohng agreeably after 
this Aide of a fmall, or, as it were, halt ftep. It is ge- 
nerally thought fo ; • and is therefore called a close, a 
cadence, when we end with a halt ftep afeendmg. 

Let the Anger new refume the whole icale, finging 
the four laft notes/o/, la,fi, do, louder than the other 
four, and calling off his attention from the low phrafe, 
and fixing it on the upper one. He will now be able 
to perceive that this, like the other, has two conlider- 
able fteps; namely,/o/, la, and la ft, and then a fmaller 
ftep,yi do. A few repetitions will make this clear, and 
he will then be fenfible of the nature of the fimilarity 
between thefe two phrafes, and the propriety of this 
great divifion of the fcale into the intervals do, fa, and 

fol, do, with an interval fa, fol between them. 
This was the foundation of the tetrachords, or lyres 

of four firings, of the Greeks. Their earlieft mufre or 
modulation feems to have extended no farther than this 
phrafe. It pleafed them, as a ring of four bells pleafes 
many country parifties. 

The linger will perceive the fame fatisfaCtion with 
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former; and if he now fing them both, in immediate Tempera, 
fucceftion, with a Aight paufe between, we imagine that 
he will think the clofe or cadence on the upper do even ljviugc. 
more fatisfatlory than that on the fa. It feems to us 
to complete a tune. And this impreffion will be great- 
ly heightened, if another perfon, or an inftrument, 
fhould found the lower do, while he clofes on the up- 
per do its octave. Do feems to be expected, or looked 
for, or fought after. We take as a ftep to do, and 
there we reft. 22 

Thus does the oftave appear to be naturally compo- The third 
fed of feven fteps, of which the firft, fecond, f°urth> ^ 
fifth, and fixth, are more confiderable, and the diird^^g^ 
and feventh very fenfibly fmaller. Having no diredt 
meafures of their quantity, nor even 3 very diftinft no- 
tion of what we mean by their quantity, magnitude, or 
bulk, we cannot pronounce, with any certainty, whe- 
ther the greater fteps are equal or unequal ; and we 
prefume them to be equal. Nor have we any diftindl 
notion of the proportion between the larger and fmaller 
fteps. In a loofe way we call them half notes, or fup- 
pofe the rife from mi to fa, or from fi to do, to be one- 
half of that from do to re, or from re to mi. 23 

Accordingly, this feems to have been all the mufical The Pytha- 
fcience attained by the Greek artifts, or thofe who didgrean d.f-^ 
not profefs to fpeak philofophically on the fubjedl. And not im_ 
even after Pythagoras publilhed tlie difeovery which he prove the 
had made, or more probably had picked up among the Greek mu- 
Chaldeans or Egyptians, by which it appeared, thatfic* 
accurate meafures of founds, in refpedl to gravity and 
acutenefs, were attainable, it was affirmed by Ariftoxe- 
nus, a fcholar of Ariftotle, and other eminent philofo- 
phers, that thefe meafures were altogether artificial, 
had no connedlion with mufic, and that the ear alone 
was the judge of mufical intervals. The artift had no 
other guide in tuning his inftrument ; becaufe the ra- 
tios, which were faid to be inherent in the founds - 
(though no perfon could fay how), were never percei- 
ved by the ear. The juftice of this opinion is abun- 
dantly confirmed by the awkward attempt of the Greeks 
to improve the lyre by means of thefe boafted ratios. 
Inftead of illuftrating the fubjeft, they feem rather to 
have brought an additional obfeurity upon it, and threw 
it into fuch confulion, that although many voluminous 
dift’ertations were written on it, and on the compolition 
of their mufical fcale, the account is fo perplexed and 
confufed, that the firft mathematicians and artifts of 
Europe acknowledged, that the whole is aft impene- 
trable myftery. Had the philofophers never meddled 
with it, had they allowed the pra&ical muficians to con- 
ftrudl and tune their inftruments in their own way, fo 
as to pleafe their ear, it is fcarcely poffible that they 
ftiould not have hit on what they wanted, without all 
the embarraffment of the chromatic and enharmonic 
feales of the lyre. It is fcarcely poffible to contrive a 
more cumberfome method of extending the Ample fcale 
of Nature to every cafe that could occur in their mufi- 
cal compofitions, than what arofe from the employment 
of the rmifical ratios. This feems a bold aAertion ; but 
we apprehend that it will appear to be juft as we pro- 
ceed. _ 24 

The practical muficians could not be long of finding The tranf- 
the want of fomething more than the mere diatonic 
fcale of their inftruments. As they were always ac-intercaTary* 
companied by the voice, it would often happen that anotesneceC. 
ly.re or flute, perfeftly tuned, was too low or too highfary in rii . 
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i empera- for the voice that was to accompany it. A finger can 

' Ttale ^ pitch his tune on any found as a key ; and if this be 
'' " too Jiigh for the finger who is to accompany him, he 

can take it on a lower note. But a lyrift cannot do 
this. Suppofe his inftrument two notes too low, and 
that his accornpanyilt can only fing it on the key which 
is theyi of the lyre. Should the lyrift begin it on that 
key, his very firft ftep is wrong, being but a half ftep, 
whereas it fiiould be a whole one. In ftiort, all the 
fteps but one will be found wrong, and the lyrift: and 
finger will be perpetually jarring. This is an evident 
confeqijence of the inequality of the fourth and feventh 
fteps to the reft. And if the other fteps, which we 
imagine to be equal, be not exactly fo, the difcordance 
will be Hill greater. 

the* Pytha- The method of remedying this is very obvious. If; 

goreansaiid^16 intervals mi fa and ft do, are half notes, we need 
Ariftoxe- only to interpoie other founds in the middle between 
neans about €ach of the whole notes ; and then, in place of feven un- 

equal fteps, we (hall have twelve equal ones, or twelve 
intei'vals, each of them equal to a femitonel The lyre 
thus conftrufted will now fuit any voice whatever. It 
will perfe&ly referable our keyed inftruments, the harpfr- 
chord, or organ, which have twelve feemingiy equal in- 
tervals in the odtave. Accordingly, it appears that fuch ; 

additions were prattifed by the muficians of Greece, 
and approved of by Ariftoxenus, and by all thofe who 
referred every thing to the judgment of the ear.-- And 
we are confident that this method would have been a- 
dopted, if the philofophers had had lefs influence, and 
if the Greeks had not borrowed their religious ceremo- 
nies along with their mufical fcience. Both of thefe 
came from the fame quarter; they came united ; and 
it was fiipnlegious to attempt innovations. The doc- 
trine of mufical ratios was an occupation only for 
the refined, the philofophers; and by fubje&ing mufic 
to this myfterious -fcience, it became myfterious alfo, 
and fo much the more venerable. The philofophers 
faw, that there was in Nature a certain infcrutable con- 
nexion between mathematical ratios and thofe intervals 
which the ear relilhed and required in melody ; but 
they were ignorant of the nature and extent of this con- 
ne<Xion. 

What is this connexion, or what is meant when we 
fpeak of the ratios of founds.? Simply this:—Pytha- 

diateiTaroru 8oras >s ktid to have found, that if two mufical cords 
be ft rained by equal weights, and one of them be twice 
the length of the other, the ftiort one will found the 
o&ave to the note of the other. If it be two-thirds of 
the length of the long ftring, it will found the fifth to 
it. If the long ftring found do, the fhort one will found 
fol. If it be three-fourths of the length, it will found 
the fourth or fa. Thus the ratio of 2 : i was called 
the ratio of the diapason ; that of 3 : 2 was called 
the diapente; and that of 4; 3 the diatessaron. 
Moreover, if we now take all the four firings, and make 
that which founds the graveft note, and is the longeft, 
twelve inches in length ; the fhoft or o&ave firing muft 
be fix inches long, or one-half of twelve ; the diapente 
muft be eight inches, or two-thirds of twelve ; and the 
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diateftaron irmft be nine inches, which is three-fourths Tempera- 
of twelve. If we now compare the diapente, not with ment of the ' 
the graveft firing, but with the odlave of fix inches, we °f 

fee that they are in the ratio of 4 to 3, or the ratio _ 
of diateffaron. And if we compare the diateftaron with 
the odlave, we fee that their ratio is that of 9 : 6, or 
of 3 : 2, or the ratio of diap.ente. Thus is the odlave 
divided into a fifth and a fourth, do fol, fol dot, in 
fucceffion. Alfo the fourth Jo fa, and the fifth fa do, 
make up the odlave. The note which Hands as a fifth 
to one of the extreme founds of the odlave, Hands as a 
fourth to the other. - And, laftly, the two fourths Jo 
fas and fol do', leave' an interval fa y©/between them ; 
which is alfo determined by nature, and the ratio cor- 
refponding to it is evidently that of 9 to 8. 

This is all that was known of the connedlion of mu-Th^difco- 
fie with mathematical ratios. It is indeed faid by lam-very of Py. 
bliebus, that Pythagoras did not make this difeovery by^g013^* 
means of firings, but by the founds made by the ham-f,!,!e, a 

mers on the anvil in a fmith’s {hop; He obferved thefaKv’^ar.- 
founds to be the key, the diateffaron, and the diapente rated 
of mufic; and he found, that the weights of the' 
hammers were in this proportion ; and as foon as he 
went home, he tried the founds made by cords, when 
weights, in the proportions above-mentioned, were ap- 
pended to them. But the whole ftory has the air of a 
fable, and of ignorance. The founds given by a fmith’s 
anvil have little or no dependence on the weight of the 
hammers ; and the weights which are in the proportions 
of the numbers mentioned above will by no means pro- 
duce the founds alleged. It requires four times the 
weight to make a ftring found the odlave, an^ twice and 
a quarter will produce the diapente, and one and feven- 
ninths will produce the diatefl'aron. It is plain, there- 
fore, that they knew not of what they were fpeaking 1 
yet, on this flight foundation, they eredted a vaft fa- 
bric of fpeculation ; and in the courfe of their refearch- 
es, thefe ratios were found to contain all that was ex- 
cellent. The attributes of the Divinity, the fymme- 
try of the univerfe, and the principles of morality, were 
all refolvable into the harmonic ratios. 2(y 

In the attempts to explain, by means of the myfte-Conjoined 
rious properties of the ratios 2 : 1, 3 : 2, 4 : 3, andand dis30'ilI1 
9 :8, which were thus defined by Nature, it was ob-ej| 
ierved, that their favourite lyres of four Unrigs could' 
be combined in two principal-manners, fo as to produce 
an extenfive feale. One lyre may contain the notes do, 
re, mi, fa -, and the acuter4yre may contain the notes 

fol, la> ft, do ; and, being fet in fucceflion, having the 
interval fa fol between the highell note of the one and 
the loweft of the other, they make a complete odlave. 
1 hefe were called disjoined tetrachords. Again, a third 
tetrachord may be joined with the upper tetrachord 
laft mentioned, in fuch fort, that the loweft note of the 
third tetrachord may be the fame with the highell of the 
fecond. I hefe were called conjoined tetrachords (a). 

By thus confidering the fcale as made up of tetra- The^lyres 
chords, the tuning of the lyre was reduced to great were tuned 
fimplicity. The mufieian had only to make himfelf entirely by 
perfedl in the fnort chant do, re, mi, fa, or to get ittheear> 

by 
(a) This is xhzprinciple, but not the Vrtc\kform, of the disjoined and conjuna tetrachords. The Greeks 

the tetrachord with what we make the firft note of our chaunt of four notes, but began one of 
t

K
he,other ^lt

l
h/-;to w!“ch they afterwards added a note below. This beginning feems to have been direded by fome of their favourite cadences; but it would be tedious to explain it. h ^ 
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iTempera by heart, and to fing it exaftly. 

j ^ of the apply equally to the other fol, do. W e are well 
Scale of tPint thi« was reallv the nraAice. i he direc- 
Mufic. 

a8 
And by 

, melody a- 
ilone: 

informed that this was really the practice. 
_ tions given by Ariltoxenus, Nicanor, and others, for 

varying the tuning, according to. certain occafional ac- 
commodations, fhew diltinttly that they did not tune 
as we do, founding the two Itrings together, except in 
the cafe of the diapafon or octave. It was all done by 
the judgment of the ear in melody. The moll valu- 
able circumllance in the difcovery of Phythagoras was 
the determination of the interval between the fourth 
and the fifth, by which the tetrachords were feparated. 
The filling up of each tetrachord was left entirely to 
the ear; and when the do&rine of the mathematical ra- 
tios fhewed that the large intervals do re, re mi, fa fpl, 
fol la, la ft, ihould not be precifely equal, Ariitoxenus 
refufedthe authority of the reafons alleged for this in- 
equality, becaufe the ear perceived none of the ratios as 
ratios, and could judge only of founds. Pie farther af- 
ferted, that the inequalities which the Pythagoreans en- 
joined, were fo trifling, that no ear could pofiibly per- 
ceive them. And accordingly, the theoriils difputed 
about the refpe&ive fituations of the greater and fmaller 
tones (fo they named the great fteps) fo much fpoken 
of, and had different fyftems on the fubjedt. 

But the ftrongefl proof of the indiltindt notion that 
the theorifls entertained about the influence of thele 
ratios in mufic is, that they would admit no more but 
thofe introduced by .Pythagoras ; and their reafons for 
the rejedtion of the ratio of 5 to 4, and of 6 to 5, were 
either the moll whimlical fancies about the perfections 
of the facred ratios, or aflumptions exprefsly founded 
on the fuppoiition, that the ear perceives and judges of 
the ratios as ratios; than which nothing ean be more 
falfe. Had they admitted the ratio pf 5 to 4, they 
would have obtained the third note of the fcale, and 
would at once have gotten the whple fcale of our 
mufic. The ratios of 6 : 5, and 16,: 15, follow of 
courfe ; and every found of the tetrachords would have 
been determined. For 5:4 being the ratio of the ma- 
jor third, which is perfectly plealing to the ear, as the 
mi to the note do, and 3 : 2 being the ratio of tfie fifth 
do fol, there is another interval mi fol determined ; and 
this ratio, being the difference between do fol and do mi, 
or between 3 : 2 and 5 : 4, is evidently 6 : 5. In like 
manner, the interval rni fa is determined, and its ratio, 
being 4 : 3—5 : 4, is 16.: 15. 

But iarther ; we lhall.find, upon ,trial, that if we,put 
in a found above fol, having the relation 5 : 4 to fa, it 
will be perfeftly latisfaCtory to the ear if fung as the 
note la. And if, in like manner, we put in a note a- 
bove la, having the relation 5 : 4 to fol, we find it fa- 
tisfaClory to the ear when uied asJi. If we now exa- 
mine the ratios of thefe artificial notes, we ffiall find 
the ratio of the notes fol la to be ip : 9, and that of la 

to be 9 : 8, the fame with that fa fol; alfo ft do will 
appear to be 16 : 15, like that of pii fa. 

We have no remains of the mufic of the Greeks, by 
which we can learn what were their favourite paffages 
or mulical phrafes ; and we cannot fee what caufed 
them to prefer the fourth to the major third. Few 
muficians of our times think the fourth in any degree 
comparable with the major third for melodioufnefs, and 
•ftill fewer for harm'onioufnefs. The piece or tune pub- 
•filfied by Kircher from Alypius is very fufpicious, as 
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This intonation would no other perfon has feen the MS. ; and the colle&ion Tempera- 

found at Buda is too much disfigured, and probably 0f ment of the 
too late a date, to give us any folid help. In all pro- 
bability, the common melodies of the Greeks abounded < y ‘ 
in eafy leaps yp and down on the third and fifth, and 
on the fourth and fixth, juft as we obferve in the airs 
for dancing among all fimple people. Their accom- 
plifhed performers had certainly great powers both of 
invention and execution ; and the chromatic and enhar- 
monic divifions of the fcale were certainly praCtifed by* 
them, and not merely the (peculations of mathemati- 
cians. To us, the enharmonic fcale appears the moft 
jarring difeord ; but this is certainly owing to our not 
feeing any pieces of the mufic fo compofed, and becaufe 
we cannot in the leaft judge by harmony what the ef- 
fect of enharmonic melody would be. But we have 
fufficient evidence, from the writings of the ancient 

r Greeks, that the enharmonic mufic fell into difufe even 
before the time of Ptolemy, and was totally and irreco- 

vverably loft before the 5th century. Even the chroma- 
tic was little.pradtifed, and was chiefly employed for ex- 
tending the common fcale to keys which were feldom 
ufed. The uncertainties refpe&jng even the common 
fcale remained the fame as ever ; and although Ptolemy 
gives (among others) the very fame that is now admitted 

.as the only perfeft one, namely, his diatonicum intenfum, 
his reafons of preference, though good, are not urged 
with ftrong marks of his confidence in them, nor do 
they feem to have prevailed. ^ 

Thefe obfervations fhew clearly, that the perception But me. 
of melody alone is not fufficiently precife for enabling !°dy is 
us to acquire exaft conceptions of the fcale of mufic. ,n* 
The whole of the practicable fcience of the ancients U C1CIT'’ 
feems to amount to no more than this, that the odtave 
contained five greater and two fmaller intervals, which 
the voice employed, and the ear relifhtd. The greater 
intervals feemed all .of one rriagnitude ; and the fmaller 
intervals appeared alfo equal, but the ear cannot judge 
what.proportion they .bear to the larger ones. The 
muficians thought them larger than one-half of the 
great intervals (and indeed the ratio 16 : 1 5 of the ar- 
tificial mi fa and ft do, is greater than the half of 9 : 8 
or 10 : 9). Therefore they allowed the theorifts to 
call them limmas inltead of hemitones ; but they, as well 
as the theorifts, differed exceedingly in the magnitudes 
which they afligned them. 

The bell .way that we can think of .for cxpreffing the Circukrm- 
‘fcale of the octave is, by dividing the circumference of prefer u- 
a circle in the .points C, D, E, :F, G, A, and .B, (fig, fjon ef the 
1.), in the proportion we think moft fuitable .to the 
natural fcale of melody. According to .the pradficftl 
notion now under our confideration, the arches (OJjX, 
HE, EG, GA, and AR, are.equal, containing mently 
590 ; and the arches E,F and B£ are alfo equdl, Ibut 
fmaller .than the others, containing about 43^.. JSfow„ 
fuppofe another circle, on a .piece of card paper, '.divi- 
ded in the fame manner, to move round their .common 
centre, but inftead .of having its points of diviflon mark- 
ed C, F, &c. let them be marked y/o, re, me, fa, fill* 
la, ft. It is plain, that to whatever point of .the outor 
circle we fet the point .do of the Inner one,, dhe ;afhfiv 
points .of the outer circle will fhew the .common mains; 
which are fit for thofe fteps of the ifcale. The fimfianL 
ty of all oftaves makes this fimjple <o.i&ave .fiquivdhina; to 
a rectilineal fcale JfiroUar.ly .divided* Aepeafcflili&scfifon* 

as 
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Tempera- as we pleafg. Fig'* I* represents this inflrument, and 
ment ofthevvju ()ften referred to, A fort of Symmetry may be 

Muriel' °bl'erved in it. The point D feems to occupy the 
s.„,r- y- - I, middle of the Scale, and re feems to be the middle note 

of the o&ave. The oppolite arch GA, and the corre- 
fponding interval Jol la, feems to be the middle interval 
of the oftave. The other notes and intervals are fimi- 
larly difpofed on each fide of thefe. This circumflance 
feems to have been obferved by tlie Greeks, by the in- 
habitants of India, by the Chinefe, and even by the 
Mexicans. The note re, and the interval fol la, have 
gotten diftinguifhed Situations in their inftruments and 

31 Scales of mulic. 
Adftoxe- With refpedf to the divifion of the circles, we (hall 
iiean fcale onjy obferve at prefent, that the dotted lines are con- 

tones and formable to the principles of Ariltoxenus, the whole 
limmas, odlave being portioned out into live larger and equal 

intervals, and two Smaller, alfo equal. The larger are 
called mean or medium tones ; and the Smaller are called 
limmas or femitones. The full lines, to which the let- 
ters and names are affixed, divide the odlave into the 
artificial portions, determined by means of the mulical 
ratios, the arches being made proportional to the mea- 
fures of thofe ratios. Thus the arches CD, FG, AB, 
are proportional to the meafure or logarithm of the ra- 
tio 9:8; GA and DE are proportional to the loga- 
rithm of 10:9; and the arches EF and BC are pro- 
portional to the logarithm of 16 : 15. We have alrea- 
dy mentioned the way in which thofe ratios were ap- 
plied, and the authority on which they were fele&ed. 
We fhall have occafion to return to this again. The 
only farther remark that is to be made with propriety 
in this place is, that the divifion on the Ariltoxenean 
principles, which is exprefi'ed in this figure, is one of 
an indefinite number of the fame kind. The only prin- 
ciple adopted in it is, that there ffiall be five mean tones, 
and two fmall equal femitones ; but the magnitude of 
thefe is arbitrary. We have chofen Such, that two mean 
tones are exadtly equal to the arch CE, determined by 
the ratio 5 : 4. The reafons for this preference will ap- 
pear as we proceed (b). 

By this little inflrument (the invention, we believe, 
of a Mr D’Ormiffon, about the beginning of lafl cen- 
tury), we fee clearly the infufficiency of the feven notes 
of the oftave for performing mufic on different keys. 
Set tl ie flower de luce at the Ariftoxenean B, and we 
fliall fee that E is the only note of our lyre which will 
do for one of the fteps of the odlave in which we in- 
tend to fing and accompany. We have no founds in 
the lyre for re, mi, fol, la, Ji, The remedy is as clear- 
ly pointed out. Eet a fet of firings be made, having 
the fame relation to Ji which thofe of the prefent lyre 
have to do, and infert them in the places pointed out 
by the Arifloxenean divifions of the moveable odlave. 
We need only five of them, becaufe the fi and fa of the 
prefent lyre will anfwer. Thefe new founds are marked 

31 b7 a +; 
Found iru- But it was foon found, that thefe new notes gave but 
perfyJt, and indifferent melody, and that either the ear could not 
tempkka determine the equality of the tones and femitones exaft- 
mzut. ly enough, or that no fuch partition of the odlave would 

anfwer. The Pythagoreans, or partifans of the mufi- 

(b) We fliall be abundantly exadl, if we make CD 
CA = 265q,3j and CBs^zdVS. 
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cal ratios, had told them this before. But they were Tempera, 
in no better condition themfelves ; for they found, thatn'-ent 

if a feries of founds, in perfedl relation to the odlave, s5^leof 

be inferted in the manner propofed, the melody will be u 1C' , 
no better. They put the matter to a very fair trial. It 
is eafy to fee, that no fyftem of mean tones and limmas 
will give the fame mufic on "every key, unlefs the tones 
be increafed, and the limmas diniinifhed, till the limma 
becomes juft half a tone. Then all the intervals will 
be perfedtly equal. The mathematicians computed the 
ratios which would produce this equality, and defired 
the Ariftoxeneans to pronounce on the mufic. It is 
faid, that they allowed it to be very bad in all their 
moft favourite paflages. Nothing now remained to the 
Ariftoxeneans but to attempt occafional methods of 
tuning. They faw clearly, that they were making 
the notes unequal which Nature made equal. The Py- 
thagoreans, in like manner, pointed out many altera- 
tions or corredlions of intervals which fuited one tetra- 
chord, or one part of the odlave, but did not fuit ano- 
ther. Both parties faw that they wrere obliged to de- 
viate from what they thought natural and perfedl: 
therefore they called thefe alterations of the natural or 
perfedl fcale temperament. 

The accomplilhed performers were the heft judges 
of the whole matter, and they derived very little afliil- 
ance from the mathematicians : For although the rigid 
rules delivered by them be acknowledged to be perfedl- 
ly exadl, the execution of thofe rules is not fufceptible 
of the fame exadlnefs. Their lyres are tuned, not by 
mathematical operations, but by the ear. It does not 
appear that they had mufical inftruments with divided 
finger-boards, like our bafs viols and guitars ; and even 
on thefe, it is well known that the preflure and touch 
of the finger mhy vary fo much, that the moft exadt 
placing of the frets will not infure the nice degrees of 
the founds. The flutes are the only inftruments of the 
ancients that are capable of accurate founds. But 
flutemakers know' very well, that they cannot be tuned 
by mathematical operations, but by the ear alone. This 
accounts for the great prices paid for a well-tuned flute. 
Some have coil L. 700, and L. 50 was a very common 
price. 

Such feems to have been the flate of the ancient mu-ThcGreeks 
fic. There was little or no Icience in it. There was, did i ot cul- 
indeed, a moft abitrufeand refined feienee coupled with^vate the 
it; but by a very flight connedlfon : and it fieems toiinultane°' 
have been nothing more than an amufement for the in-o^found^ 
genious and Ipeculative Greeks. Nor could it, in our 
opinion, be better, fo long as they had no guide in tu- 
ning but the judgment of the ear in melody. Many 
writers’infill that the Greeks had a knowledge of what 
we call harmony alfo. The word Jp/u-oviu js conftantly 
ufed by them : but it does not mean what we call har- 
mony, the pleafant coalefcence of limultaneous founds. 
It comes from or from and fignifies ap- 
titude, fi/nefs, and would, in general, be better tranflated 
by fymmeiry. But we cannot conceive that they paid 
any marked attention to the efteft of fimultaneous 
founds, fo as to enjoy the pleafure of certain confonau- 
ces, and employ them in their eompolitions. We judge 
in this way from the rank which they gave them in 

- their 

; CE=i 15°,9 ; CF= J49°,42 ; CG = 2io°,58 ; 
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enjpera- tltc'ir fcale. To prefer the fourth to the major third 
;nt of the t0 Us to be impollible, if it be meant ot fimulta- 
icale of neou3 founds. And the real’on which is alhgned fof 

the preference can have no value in the opinion of a 
mulician. It is becaui'e the ratio ol 4 : 3 is fimpler than 
that of 5 : 4. For the fame reafon, the filth is prefer- 
red to both, and the oiifave to all the three, and uniton 
to every other confonance. They would not allow the 
major third 5 : 4 to be a concord at all. We have 
made numberlefs trials of the different concords with 
perfons altogether ignorant of rnulic. We never law 
an inftance of one who thought that mere unifon gave 
any pofitive pleafure. None of all whom we examined 
had much pleafure from an ottave. All, without ex- 
ception, were delighted with a fifth, and with a major 
third ; and many of them preferred the latter. All of 
them agreed in calling the pleafure from the fifth a 
fwtetnefs, and that from the major third a cheerfulnefs, 
or fnartnefs, or by names of fimiiar import. The great- 
er part preferred even the major fixth to the fourth, 
and fome felt no pleafure ftt all from the fourth, hew 
had much pleafure from the minor third or minor fixth. 
N. B. Care was taken to found thefe concords with- 
out any preparation—merely as founds—but not as ma- 
king part of any mufical paffage. This circumffance 
has a great effe£l on the mind. When the minor third 
and fixth were heard as making part of the minor 
mode, all were delighted with it, and called it fweet 
and mournful. In like manner, the chord never fad- 
ed to give pleafure. Nothing can be a ftronger proof of 
the ignorance of the ancients ofthe pleafures of harmony. 

We do not profefs to know when this was difeover- 
ed. We think it not unlikely that the Greeks and Ita- 

xmto he l,ans got lt fr°m fome t^ie northern nations whom 
modern they called Barbarians. We cannot otherwife account 
ifeovtry. for its prevalence through the whole of the Ruffian em- 

pire— the ancient Slavi had little commerce with the 
empire of Rome or of Conftantinople ; yet they fung 
in parts in the moll remote periods of their hillory of 
which we have any account ; and to this day, the moll 
uncultivated boor in the Ruffian empire would be affia- 
med to ling in unifon. He hftens a little while to a 
new tune, holding his chin to his bread ; and as foon 
as he has got a notion of it, he burlls out in concert, 
throwing in the harmonic notes by a certain rule which 
lie feels, but cannot explain. His harmonics are gene- 
rally alternate major and minor thirds, and he feldom 
miffes the proper cadences on the fifth and key. Per- 
haps the invention of the organ produced the difeovery. 
We know that this was as early as the fecond centu- 
ry (c). It was hardly poffible to make much ufe of 
that inftrument without perceiving the pleafure ot con- 
cordant found#. 

The difeovery of the pleafures of harmony occafion- 
ed a total change in the fcieuce of mufic. During the 
dark ages of Europe, it was cultivated chiefly by the 

he fcience monks: the organ was foon introduced into the church- 
ii mufic. es. and the choral fervice was their chief and almoft 

their only occupation. The very conffruition of this 
Supfl. Vou. II. Part II. 
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inllrument mull have contributed to the improvement Tempera- 
of mufic, and inftrudled men in the nature of the fcale. 
The pipes are all tuned by their lengths ; and thefe 
lengths are in the ratios of the firings which give the c 
fame notes, when all are equally ftretched. This mull 
have revived the ftudy of the mufical ratios. The tu- 
ning of the organ was performed by confonance, and 
no longer depended on the nice judgment of founds in 
fuccefilon. The dullell ear, even with total ignorance 
of mufic, can judge, without the fmalleff error, of an 
exact otlave, fifth, third, or other concord ; and a ve- 
ry mean mufician could now tune an organ more accu- 
rately than Timotheus could tune his lyre. Other 
keyed infiruments, refembling our harpfichord, were 
invented, and infiruments with fretted finger-boards. 
Thefe foon fupplanted the lyres and harps, being much 
more compendious, and allowing a much greater variety- 
arid rapidity of modulation. All thefe infiruments were 
the fruits of harmony, in the modern ienfe of that word. 
The deficiences of the old diatonic fcale were now 
more apparent, and the neceffity of a number of inter- 
calary notes. The finger board of an organ or harpfi- 
chord, running through a feries of o6laves, and admit- 
ting much more than the accompanyment of one note, 
pointed out new fources of.mulical pleafure arifing from 
the fulnefs of the harmony ; and, above all, the practice 
of choral finging fuggefted the polfibility of a pleafure 
altogether new. While a certain number of the choir 
performed the Cantus or Air of the mufic, it was irk- 
fome to the others to utter mere founds, fupporting or 
compoiing the harmony of the Cantus, without any me- 
lody or air in their own parts. It was thought pro- 
bable that the harmonic notes might be fo portioned 
out among the reft of the choir, that the fucceffion of 
founds uttered by each individual might alfo conftitute 
a melody not unpleafant, and perhaps highly grateful. 
On trial it was found very practicable. Canons, mo- 
tets, fugues, and other harmonics, were compofed, where 
the airs performed by the different parts were not infe- 
rior in beauty to the principal. The notes which could 
not be thrown into this agreeable fucceffion, were left 
to the orgfinift, and by him thrown into the bafs. 

By all thefe pradtices, the imperfedtions of the fcale 
of fixed founds became every day more fenfible, efpe- 
cially in full harmony. Scientific mufic, or the pro- 
perties of the ratios, now recovered the high ellimation 
in which they were held by the ancient theorills ; and 
as the muficians were now very frequently men of let- 
ters, chiefly monks, or fober charadlers and decent man- 
ners, mufic again became a refpedlable ftudy. The or- 
ganift was generally a man of fcience, as well as a per- 
former. At the iirft revival of learning in Europe, we 
find mufic ftudied and honoured with degrees in the 
univerfities, and very loon we have learned and excel- 
lent differtations on the principles of the fcience. The 
inventions of Guido, and the differtations of Salinas, 
Zarlino, and Zoni, are among the moll valuable pub- 
lications that are extant on mufic. The imporvements 
introduced by Guido are founded on a very refined 

4 O examina- 

36. 

(,c) It is faid that the Chinefe had an inftrument of this kind long before the Europeans. Caufeus fays, that 
it was brought from China by a native, and was fo fmall as to be carried in the hand. It is certain that the 
Emperor Conftantine Copronymtis lent one to Pepin king of France in 757, and that his fon Charlemagne got 
another from the Emperor Michael Paleologus. But they appear to have been known in the Englifh churches 
before that time. 
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poled by the other two have fcarcely Ijeen improved 
by any labours of modern date. Both thefe authors 
had Itudied the Greek writers with great care, and their 
improvements proceed on a complete knowledge of the 
dodh'incs of Pythagoras and Ptolemy. 

At laft the celebrated Galileo Galilei put the finifh- 
ing hand to the dottrines of thofe ancient pbilofophers, 
by the difcovery of the connexion which fubhlh in na- 
ture between the ratios of numbers and the mulical in- 

the fre^ ^ terva^3 founds. He difcovered, that thefe numbers 
quency'oF exP'efs the frequency of the recurring pulfes or un- 

dulations of air which excite in us the fenfation of found. 
He demonftrated that if two firings, of the fame mat- 
ter and thieknefs, be llretched by equal weights, and 
be twanged or pinched fo as to vibrate, the times of 
their vibrations will be as their lengths, and the frequen- 
cy or number of ofcillations made in a given time will 
be inverfely as their lengths. The frequency of the fo- 
norous undulations of the air is therefore inverfely as 
the length of the firing. When therefore we fay that 
2 : i is the ratio of the oftave, we mean, that the un- 
dulations which produce the upper found of this in- 
terval are twice as frequent as thofe which produce 
its fundamental found. And the ratio 3 : 2 of the dia- 
pente or fifth, indicates, that in the fame time that 
the ear receives three undulations from the upper found, 
it receives only two from the lower. Here we have 
a natural connection, not peculiar to the founds pro- 
duced by firings; for we are now able to demon- 
ftrate, that the founds produced by bells are regulated 
by the fame law. Nay, the improvements which have 
been made in the fcience of motion fince the days of 
Galileo, fhew us that the undulations of the air in 
pipes, where the air is the only fubftance moved, is re- 
gulated by the fame law. It feems to be the general 
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and the temperaments pro- noife produces a tolerably fmooth found when fufficient- Tempera. 

ly frequent. Nothing can be more abrupt than thement.of th< 
fnap juft now mentioned ; yet the g produced by it has 
the Imoothnefs of a bird’s chirrup. An experiment was 1 ^ 
made, which was lefs promifmg of a found than any that 
can be thought of. A llop-oock was fo conftrufled, 
that it opened and fhut the paftage through a pipe 720 
times in a fecond. This apparatus was fitted to the pipe 
of a conduit leading from the bellows to the wind-chell 
of an organ. The air was limply allowed to pafs gen- 
tly along this pipe by the opening of the cock. When 
this was repeated 720 times in a fecond, the found g in 
alt. was moil fmoothly uttered, equal in fweetnefs to a 
clear female voice. When the frequency was reduced 
to 360, the found was that of a clear but rather harfh 
man’s voice. The cock was now altered in fuch a 
manner, that it never fhut the hole entirely, but left 
about one third of it open. When this was repeated 
720 times in a fecond, the found was uncommonly 
fmooth and fweet. When reduced to 360, the found 
was more mellow than any man’s voice at the fame 
pitch. Various changes were made in the form of the 
cock, wdth the intention of rendering the primitive noife 
more analogous to that produced by a vibrating firing. 
Sounds were produced which were pleafant in the ex- 
treme. The intelligent reader will fee here an opening 
made to great additions to practical mufic, and the 
means of producing mufical founds, of which we have 
at prefent fcarcely any conception ; and this manner of 
producing them is attended with the peculiar advan- 
tage, that an inftrument fo conftrudled can never go 
out of tune in the fmalleft degree. But of this enough 
at prefent. 

This difcovery of Galileo’s completed the Pythago-Thisfre- 
rean theories, by fupplying the only thing wanted forquency is 
procuring confidence in them, We now fee that the,exPr.e^£cl 

property of founds which renders them fuiceptible of reufic of founds depends on principles as certain and as fica^ratios 
mufical pitch, of acutenefs, or gravity ; and that a cer- 
tain frequency of the fonorous undulations gives a de- 
termined and unalterable mufical note. The writer of 
this article has verified this by many experiments. He 
finds, that any noife ‘whatever, if repeated 240 times in 
a fecond, at equal intervals, produces the note C fol fa 
ut of the Gindonian gamut. If it be repeated 360 times, 
it produces the G fol re ut. See. It was imagined, that 
only certain regular agitations of the air, fuch as are 
prod need-by the tremor or vibration of elaftic bodies, 
are fitted for exciting in us the fenfation of a mufical 
note. But he found, by the moll dillindl experiments, 
that any noife whatever will have the fame effedl, if re- 
peated writh due frequency, not lefs than 30 or 40 times 
in a fecond. Nothing finely can have lefs pretenlion to 
the name of a mufical found than the folitary fnap which 
a quill makes when drawn from one tooth of a comb to 
another : but when the quill is held to the teeth of a 
wheel, whirling at fuch a rate, that 720 teeth pats un- 
der it in a fecond, the found of g in alt. i; heard moft 
difthiftly ; and if the rate of the wheel’s motion be va- 
ried in any proportion, the noife made by the quill is 
mixed in the moft diilinft manner with the mufical note 
correfponding to the frequency of the fnaps. The kind 
of the original noife determines the kind of the conti- 
nuous found produced by ?t, making it harfh and fret- 
ful, or fmooth and mellow, according as the original 
yoife is abrupt or gradual; but even the moft abrupt 

plain as the elements of Euylid, and that every tbingof Pytha- 
relating to the fcale of mufic is attainable by mathema-goras 
tics. It is very true that we do not perceive the ratio 
3 : 2 in the diapente, as having any relation to the num- 
bers 3 and 2. But we perceive the fweetnefs of found 
which charaHerifes this concord. This is undoubtedly 
the perception of a certain pbyfical fail involving this 
ratio, as much as the fweetnefs on our tongue is the per- 
ception of a certain manner of afting of the particles 
of fugar during their diffolution in the faliva. 

The pleafure arifing from certain confonances, fuch Concord, 
as Jo fol, is not more diftinftly perceived than is theDlsco,lD» 
difagreeable feeling which other confonanees produce, 
fuch as do re ; and it was a fair field of difquifition toticular ra." 
difeover why the one pleafed and the other difpleafed. t*0* of fre- 
We cannot fay that this quell ion has been completely 
decided. It has been aferibed to the coincidence of vi- 
brations. In the octave, every fecond vibration of the 
treble note may be made to coincide with every vibra- 
tion of the bafs. But the pleafure arifing from the dif- 
ferent confonances does by no means follow' the pro- 
portions of thofe coincidences of vibrations; for when 
two notes are infinitely near to the ftate which would 
produce a complete coincidence, the actual coincidence 
is then exceedingly rare ; and yet we know that fuch 
founds yield very fine harmony. In tuning any con- 
cord, when the two notes are very difeordant, the co- 
inciding vibrations recur very frequently j and as we ap- 

proach 
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proach ntaref and nearer to perfefl concord, thefe coin- 
ent of the become rarer and rarer; and if it be infinitely 
Scale of near to perfed concord, the coincidences of^ vibration 
Ml'‘nc' , wiU be infinitely dittant from each other. This, and 

many other irrefragable arguments, demonftrate that 
coalefcence of found, which makes the pleafing harmo- 
ny of a fifth, for example, does not arife from the co- 
incidence of vibrations ; and the only thing which we 
can demonllrate to obtain in all the cafes where we en- 
joy this pleafure, is a certain arrangement of the com- 
ponent nnlfes, and a certain law of fucceffion of the 
difiocations or intervals between the non-coinciding 
pulies. We are perfe&ly able to demonftrate that 
when, by continually fcrewing up one of the notes ot 
a confonance, we render the real coincidence of pulfes 
leis frequent ; the diflocations, or deviations from per- 
fect coincidence, approach nearer and nearei to a cer- 
tain defineable law of fucceuion ; and that this law ob- 
tains completely, when the perfeft ratio of the dura- 
tion of the pulfe is attained, although perhaps at that 
time not one pulfe of the one found coincides with a 
pulfe of the other. Suppofe two organ pipes, found- 
ing the note C folfa ut, at the diftance oi ten feet from 
each other, and that their pulfes begin and end at the^ 
fame inftant, making the moft perfect coincidence of 
pulfes—there is no doubt but that there will be the 
mod perfect harmony ; and we learn by experience 
that this harmony is perfedly the fame, from whatever 
part of the room we hear it. This is an unqueftionable 
fa Cl. A perfon fituated exa&ly in the middle between 
them w'ill receive coincident pulfes. But let him ap- 
proach one foot nearer to one of the pipes, it is now 
demonftrable that the pulfes, at their arrival at his ear, 
will be the moft diftant from coincidence that is pof- 
fible ; for every pulfe of one pipe will bifedt the pulfe 
from the other : but the law of fucceflion of the devia- 
tions from coincidence will then obtain in the moft per- 
fect manner. A mufical found is the fenfation ot a 
certain form of the aerial undulation which agitates the 
auditory organ. The perception of harmonious found 
is the fenfation produced by another definite form of 
the agitation. This is the compofition of tw^o other 
agitations; but it is the compound agitation only that 
affe&s the ear, and it is its form or kind which deter- 
mines the fenfation, making it pleafant or unpleaiaiit. 

Our knowledge of mechanics enables us to deferibe 
this form, and every circumftance in which oneagita- 

•eat ufe oftion can differ from another, and to difeover general 
tathema- fijatm-eg or circumftances of refemblance, which, in faft, 
‘cs in mu- accompany an perceptions of harmony. We are furely 

intitled to fay that thefe circumftances are fure tefts of 
harmony ; and that when we have enfured their pre- 
fence, we have enfured the hearing of harmony in the 
adjufted founds. We can even go farther in fame cafes: 
We can explain fome appearances which accompany im- 
perfect harmony, and perceive the connection between 
certain diftinCt refults of imperfeCt coincidences, and 
the magnitude of the deviations from perfeCt harmony 
which are then heard. Thus, we can make ufe of thefe 
phenomena, in order to afeertain and meafure thofe de- 
viations ; and if any rules of temperament ftiould re- 
quire a certain determinate deviation from perfeCt har- 
mony in the tuning of an inftrument, we can fecure the 
appearance of that phenomenon which correfponds to 
the deviation, and thus can produce the precife tempe- 
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rament fuggefted by our rules. We can, for example, Te-ripcra- 
deftroy the perfeCt harmony of the fifth Cg, and flatten 
the note g till it deviates from a perfeCt fifth in the ex- ‘‘ ~ ° 
aCt ratio of 320 to 321, which the muficians call the 
one-fourth of a comma. The moft exquifite ear for 
melody is almoft infenfible of a deviation four times 
greater than this; and yet a perfon who has no mufical 
ear at all, can execute this temperament by the rules of 
harmony without the error of the fortieth part of a 
comma. 40 

For this moft valuable piece of knowledge we are in-B&ATiNai 
debted to the late Dr Robert Smith of Cambridge, 3 f irriPer.' 

39 
fence a 
lies the 

very eminent geometer and philofopher, and a good,e<^ cor'^°" ' ^ ~ nances* 
judge of muiic, and very pleating pertormer on the or- 
gan and harpfichord. This gentleman, in his Difl’erta- 
tion on the Principles of Harmonics, publhhed for the 
firft time in 1749, has paid particular attention to a 
phenomenon in coexiftent founds, called a beating. This 
is an alternate enforcement and diminution of the ftrength 
of found, fomething like what is called a clofe (hake, 
but differing from it in having no variation in the pitch 
of the founds. It is a fort of undulation of the found, 
in which it becomes alternately louder and fainter. It 
may be often perceived in the found of bells and mnii- 
cal glalfes, and alfo in the founds of particular ftrings. 
It is produced in this way : Suppofe two unilbns quite 
perfeCt; the vibrations of each are either perfectly co- 
incident, or each puife of one found is interpofed in the 
fame iituation between each pulfe of the other. In ei- 
ther cafe they fucceed each other with fuch rapidity, 
that we cannot perceive them, and the whole appears 
an uniform found. But fuppofe that one of the founds 
has 240 pulfes in a fecund, which is the undulation that 
is produced in a pipe of 24 inches long'; fuppofe that 
the other pipe is only 23 inches and f^ths long. It 
will give 24,3 pulfes in a fecund. Therefore the ill, 
the Both, the 160th, and- the 240th pulfe of the fir ft 
pipe will coincide with the iff, the Biff, the 162}, and 
the 243d pulfe of the other. In the incidents of coin- 
cidence, the agitation produced by one pulfe is in ere a fed 
by that produced by the other. The commencement 
of the next two pulfes is feparated a little, and that of 
the next is feparated flill more, and fo on continually : 
the d'l/locations of the pulfes, or their deviations from 
perfeCI coincidence, continually increafmg, till we come 
to the 40th pulfe of the one pipe, which will com- 
mence in the middle of the 41ft pulfe of the other 
pipe ; and the pulfes will now bifed each other, fo that 
the agitations of the one will counteract or weaken thofe 
of the other. Thus the compounded found will be 
llronger at the coincidences of the pulfea, and fainter 
when they bifeCt each other. This reinforcement of 
found will therefore recur thrice in every fecond. The 
frequency of the pulfes are in the ratio of a comma, or 
81 : 80. Therefore this conftitutes an unifon imperfect 
by a comma. If therefore any circumftance (hould re- 
quire that thefe two pulfes fhould form an unifon im- 
perfed by a comma, we have only to alter one of the 
pipes, till the two, when founded together, beat thrice 
in a fecond. Nothing can be plainer than this. Now 
let us fuppofe a third pipe tuned an exaCl fifth to the 
firft of thefe two. There will be no beating obfervable ; 
becaufe the recurrence of coincident pulfes is fo rapid 
as to appear a continued found. They recur at every 
fecond vibration of the bafs, or 120 times in a fecond. 

4 O 2 But 
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Tempera- But now, inflead of founding the third pipe along with 

^Sc^le^of16 the ^ found along with the fecond. Dr Smith 
Muftc. demonftrates, that they will beat in the fame manner as 

1 v the unifons did, but thrice as often, or nine times in a 
fecond. When therefore the fifth Q g beats nine times 
in a fecond, we know that it is too fitarp or too flat 
(very nearly) by a comma. 

Dr Smith fhews, in like manner, what number of 
beats are made in any given time by any concord, im- 

the fcience perfedl or tempered, in any affigned degree. We hum- 
ane! prac- bly think that the moll inattentive perfon mull be fen- 

Able of the very great value of this difeovery. We are 
great1 to ca^ ^ difeovery. Merfennus, indeed, had 
Pulfesof taken particular notice of this undulation of imperfedl 

confonances, and had oflered conjectures as to their 
caufe ; conjectures not unworthy of his great inge- 
nuity. Mr Sauveur alfo takes a Hill more particular 
notice of this phenomenon *, and makes a molt inge- 
nious ufe of it for the folution of a very important mu- 

1701,1702,^lca^ Proklem ; namely, to determine the precife num- 
1707, and her of pulfes which produce any given note of the ga- 
J7I3- mut. His method is indeed operofe and delicate, even 

as Amplified and improved by Dr Smith. The follow- 
ing may be fubftituted for it, founded on the mechanifm 
of founding chords. Let a violin, guitar, or any fuch 
inftrument, be fixed up againfl a wall, with the finger- 
board downward, and in fuch a manner, that a violin 
firing, ftrained by a weight, may prefs on the bridge, but 
hang free of the lower end of the finger-board. Let 
another firing be drained by one of the tuning pins till 
it be in unifon with fome note (fuppofe C) of the harp- 
fichord. Then hang weights on the other firings, till, 
upon drawing the bow acrofs both firings, at a fmall 
diflance below the bridge, they are perfeCl unifons, 
without the fmallefl beating or undulation, and taking 
care that the prefiure of the bow on that flriag which 
is tuned by the pin be fo moderate as not to affeCt its 
tenfion fenfibly. Note exaCtly the weight that is now 
appended to it. Now increafe this weight in the pro- 
portion of the fquare of 80 to the fquare of 81 ; that 
is, add to it its 40th part very nearly. Now draw 
the bow again acrofs the firings with the fame caution 
as before. The founds will now beat remarkably ; for 
the vibrations of the loaded firing are now accelerated 
in the proportion of 80 to 81. Count the number of 
undulations made in fome fmall number (fuppofe jo) 
of feconds. This will give the number of beats in a 
fecond ; 80 times this number are the fingle pulfes of the 
lovvefl found ; and 81 times the fame number gives the 
pulfes of the higheft of thefe imperfed unifons. 

If this experiment be tried for the C in the middle of 
©ur hai pfichords, it will be found to contain 240 pulfes 
very nearly ; for the firings will beat thrice in a fecond. 
The beats are befl counted by means of a little ball 
hung to a thread, and made to keep time with the 
beats. 

Here, then, is a phenomenon of the mofl eafy ob* 
fervation, and requiring no fkill in mufic, by which the 

of the tem-pitch of any found, and the imperfeCtion of any con- 
perament cord, may be difeovered with the utmofl preeifion ; and 

by this method may concordant founds be produced,, 
which are abfolutely perfeft in their harmony, or ha- 
ving any degree of imperfedion or temperament that 
we pleafe. An inflrument may generally be tuned to 
per fed harmony, in fome of its notes, without any dif- 
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ficulty, as we fee done by every blind Crouder. But if Tempera, 
a certain determinate degree of imperfedion, different m®nt of the- 
perhaps in the different concords, be neceffary for the Scaie of 

proper performance of mufical compolitions on inflru-1 
merits of fixed founds, fuch as thofe of the organ or 
harpfichord kind, we do not fee how it can be dilputed, 
that Dr Smith’s theory of the beating of imperfed con- 
fonances is one of the ineft important difeoveries, both 
for the pradice and the fcience of mufic, that have been 
offered to the public. We are inclined to confider it 
as the mofl important that has been made fince the days 
of Galileo. The only ,rivals are Dr Brook Taylor’s 
mechanical demonflration of the vibrations of an elaftic 
cord, and its companion, and of the undulations of the 
air in an organ pipe, and the beautiful invefligations of 
Daniel Bernoulli of the harmonic founds which fre- 
quently accompany the fundamental note. The mufical 
theory of Rameau we confider as a mere whim, not 
founded in any natural law; and the theory of the grave 
harmonics by Tartini or Romieu is included in Dr 
Smith’s theory of the beating of imperfed confonances. 
I his theory enables us to execute any harmonic fyflem 
of temperament with preciiion, and certainty, and eafe, 
and to decide on its merit when done. 

We are therefore furprifed to fee this work of Dr 
Smith greatly undervalued, by a mofl ingenious gentle- 
man in the Philofophical Tranfadions for 1800, and call- 
ed a large and obfeure volume, which leaves the matter 
juft as it was, and its refults ufelefs and impradicable. 
We are forry to fee this; becaufe we have great expec- 
tations from the future labours of tin's gentleman in the 
field of harmonics, and his late work is rich in refined 
and valuable matter. We prefume humbly to recom- 
mend to him attention to his own admonitions to a ve- 
17 young and ingenious gemtlemao, who, he thinks, 
proceeded too far in animadverting on the writings of 
Newton, Barrow, and other eminent mathematicians. 
We alfo beg his leave to obferve, that Dr Smith’s ap- 
plication of his theory may be very erroneous (we do 
not fay that it is perfed), in confequenee of his notion 
of the proportional effeds produced on the general har- 
mony by equal temperaments of tbe different concords. 
But the theory is untouched by this improper ufe, and» 
Hands as firmly as any propofition in Euclid’s Elements. 
We are bound to add to thefe remarks, that we have* 
oftener than once heard mufic performed on the harp- 
fichord deferibed in the fecond edition of Dr Smith’s- 
Harmonics, both before it was fent home by the maker 
(the.firfl in his profefiion), and afterwards by the au- 
thor himfelf, who was a very pleafing performer, and 
we thought its harmony the finefl we ever heard. Mr 
Watt, the celebrated engineer, and not lefs eminent 
philofopher, burlt a handfome organ for a public fo- 
ciety, and, without the leafl ear or relifh for mufic, tu-. 
ned three odtaves of the open diapafon by one of Dr 
Smith’s tables of beats, with the help of a variable pen- 
dulum. Signior Doria, leader of the Edinburgh con- 
cert, tried it in prefence of the writer of this article,' and 
faid, “ Bellifiima—fopra modo belliffima !” Signior- 
Doria attempted to fing along with it, but would not 
continue, declaring it impoffible, becaufe the organ was 
ill-tuned. The truth was, that, on the major key of 
E*, the tuning was exceedingly different from what 
fhe was accuftomed to, and (he would not try another* 
key. We mention this particular, to Ihew how accu- 

rately 
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Tentpeta- rately Mr Watt had been able to execute the tempera- 
nent of the ment intended. 
Sa? ThJs theory 13 valuable, therefore^ by giving us the ^ 1 p-ianpgpmpnt of a phenomenon intimately connefted 

43 with harmony, and affording us precife and practicable 
\.nd accu ‘   ^ '1 r ‘ r—"l':' 
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meafares of all deviations from it. It bids fair, for this 
reafon, to give us a method of executing any fyitem 
of temperament which vve may find reafon to prefer. 
But we have another ground of eftimation of this theo- 
ry. By its afMance, we are able to afcertain with cer- 
tainty and precifion the true untempered fcale of mufic, 
which eluded all the attempts of the ingenious Greeks 
and we determine it in a way fuited to the favourite 
mufic of modern times, of which almoft all the excel- 
lencies and pleafures are derived from harmony. We 
do not fay that this total innovation in the principle of 
mufical pleafure is unexceptionable ; we rather think it 
very defe&ive, believing that the thrilling pleafures of 
mufic depend more upon the melody or air. We ap- 
peal even to inftru&ed muficians, whether the heart and 
affe&ions are not more affeCfed (and with much more 
diflin3 variety of emotion) by a fine melody, fupported, 
but not obferved, by harmonies judicioufTy chofen ? It 
appears to us that the effeCt of harmony, always filled 
up, is more uniformly the fame, and lefs touching to 
the foul, than fome fimple air fung or played by a per. 
former of fe.nfibility and powers of utterance. We do 
not wonder, then, that the ingenious Greeks deduced, 
all their rules from this department of mufic, nor at their 
being fo fatisfied with the pleafures which it yielded, 
that they were not folicitous of the additional fupport 
of harmony. ’We fee that melody has fuffered by the 
change in every country. T-here is no Scotchman, 
Irifhman, Pole, or Ruffian, who does not lament that 
the fkill in compofing heart-touching airs is degenera- 
ted in his refpe&ive nation ; and all admire the produc- 
tions of their mufe of “ the days that are pafi..” They 
are “ pleafant and mournful to the foul.” 

But we ftill prefer the harmonical method of forming 
the fcale, on account of its precifion and facility : and 
we prefer the theory of beats, becanfe it alfogives ns the 
mofl fati.faciory fcale of melody ; and this, not by tepeat- 
ed corrections and recorredtions, but by a diiefl pro- 
cefs. By a table of beats, every note may be fixed at 
once, and we have no occafiou to return to it and try 
new combinations ; for the beatings of the different con- 
cords to one bats being once determined, every beating 
of any one note with any other is alfo uxed. 

We therefore requeft the reader’s patient attention 
1* to the experiment which we have now to propofe. This 

experiment is befl made with two organ pipes equally 
voiced, and pitched to the note C in the middle of our 
harpfichords. Let one of them at leaf! be a flopped 
pipe, its piflon being made extremely accurate, and at 
the fame time eafily moved along the pipe. Let the 
(hank of it be divided into 240 equal parts. The ad- 
vantage of this form of the experiment is, that the 
founds can be continued, with perfeCt uniformity, for 
any leneth of time, if the bellows be properly conftruCL 
ed. In default of this apparatus, the experiment may 
be made with two barpfjchord wires in perfeft unifon, 
and touched by a wheel rubbed wuth rofin inftead of a 
bow, in the way the founds;pf the.vielle or hurdygurdy 
are produced. This contrivance alfo will continue the 
founds uniformly at pleafure. A fcale of 240. parts 

muft. be adapted to one firing, and numbered from that Tempera- 
end of the firing where the wheel or bow is applied ‘p 
it. Great care muft be taken that the fhifting of the Mufic. 
moveable bridge do m- alter the ftrain on the wire, 
We may even do pretty well wuth a bow in place of 
the wheel; but the found cannot be long held on in 
any pitch. In deferibing the phenomena, we (hall ra- 
ther abide by the firing, becaufe the numbers of the 
fcale, or length of the founding part of the wire, cor- 
refpond, in faft, much more exa&ly with the founds. 
The deviations of the fcale of the pipe do not in the 
leafl affeft the conclufions we mean to draw, but would 
require to be mentioned in every inftance, wdiich wrould 
greatly complicate the procefs. 

Having brought the two open firings into perfeft 
unifon, fo that no beating whatever is obferved in the 
confonance, Aide the moveable bridge flowly along the 
firing while the wdieel is turning, beginning the motion 
from the,end moft remote from the bow. All the notes 
of the oftave, and all kinds of concords and difeords, 
will be heard ; each of the concords being preceded 
and followed by a ruffling beating, and that fucceeded 
by a grating difeord. After this general view of the 
whole, let the particular harmonious flations of the 
bridge be more carefully examined as follows. 45 

I. Shift the moveable bridge to the divifion 120. If Determina-' 
it has been exaftly placed, we fitall hear a perfetl oc-tionof the • 
tave without any beating. It is, however, feldom "^aer 
exa&ly fet, and we generally hear fome beating. Byof centord. 
gently fhifting the bridge to either fide, this beating 
becomes more or lefs rapid ; and when vve have found 
in wdiich direftion the bridge muft be moved, we can 
then Aide it along till the beating ceafe entirely, and 
the founds coalefce into one found. AVe can fcarcely 
hear the treble or o&ave note as diftinguiAiable from 
the bafs or fundamental afforded by the other fir mg. 
If the notes are duly proportioned in loudnefs, wre can- 
not hear the two as diftinft founds, but a note feem- 
ingly the fame with the fundamental, only more bril- 
liant. (Ak B. It would be a great improvement of 
the apparatus to have a micrometer ferew for produ- 
cing thofe fmall motions of the bridge.) 

Having thus produced a Ane o&ave, w^e can now 
perceive that, as vve continue to fhift the bridge from 
its proper place, in either diredlion, the beating be- 
comes more and more rapid, changes to a violent rat- 
tling Autter, and then degenerates into a moft difagree- 
able jar. This phenomenon is obferved in the deviation 
of every concord whatever from perfedl harmony, and 
muft be carefully kept in remembrance. 46 

Before we quit this concord, the odave, produced Harmony 
by the bifedion of the pipe or firing, we mull.obferve, 
that, with refped to ourfelves, the odave c c muft beatj^ipj^ 
almoft twice in a fecond, before we can obferve clearly 
any mis-tune in it, by founding the notes in fucceffion, 
or as fteps in the fcale of melody. We never knew any 
ear fo nice as to difeover a mis-tuning when it beats but. 
once in three feconds. We think ourfelves intitled 
therefore to fay, that we are infenfible cf a temperament 
in melody amounting to one-third of a comma ; and \ve 
never knew a perfon fenfible of a temperament half this 

t>UWhen the imperfedion of the odave is clearly fen- 
fible by founding the notes in fucceffion, it is extremely' 
difagreeablc, feeling like a ftruggle or endeavour to at- 



1 

Tduip''i-a. 
ment of che 

Sc ile of 
Mufic. 

  — , - ~ ^ v-fi i r v. i i v / - 
nicnon of beating ; and any perfon who can diflinguifh 
a weak found from a ftronger one, can eafily perceive, 
in this indiredf manner, any fradion of a comma, how- 
ever minute. 1 his makes the tuning by harmony much 
more exad than by melody alone. It is alfo much more 
acccmmodated to the genius of modern mufic. The 
ancients had favourite paflages, which were frequently 
introduced into their airs, and they were felicitous to 
have thefe in good tune. It appears from paffages in 
the writings of Galen, that different performers excelled 
chiefly in their ikill in making thofe occafional tempe- 
raments which their mufic required. Our mufic is 
much more ifridi, by reafon of our harmonic accompa- 

t V «t gives the 
heft fcale 
for melody. 
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tain a certain note, and a failure in the attempt. This nut, we fhall hear the beatings return again 5 and after Tmu,™ 
feems owing to the familiar iirnilanty of odaves, in the fluttering and degenerating to a jarring noife, by a very m nt Jf the 
habuual talkmg and iingmg of men and women toge- fmall motion of the bridge, they wfll again be heard lScile 

ther. But when the notes are, founded together, al- will grow flower, accompanied with a fort of angrv ex’ MLfic- 
though we are not much more fenflble of the imperfec- preffion, and will ceafe entirely when the bridge Teaches \o 
t.on of the harmony directly, as a failure m the fweet- the i92d divilion of our fcale. Here we have another Determine 
nels ot the concord, we are very fen Able of this pheno- concord of very peculiar charader, being remarkably ion of ^ 

enlivening and gay. This found gives perfed fatisfac- 
tion to the ear, if employed as the third ftep in the fcale 
ot melody, being the note wJ of that feries, at leail in 
all gay or cheerful airs. 

VI. As we move the bridge from 192 to 200, we yt 
hear again the fame beatings, which, in the immediate 
vicinity to 192, hjve a peevifii fretful expreffion, in- 
Itead ot the angry wafpifli expreflion before mentioned. 
When the bridge has patlcd that fkuation which produ- 
ces only grating difcordance, we hear the beatings a- 
gam, and they become flower, and ceafe altogether 
when the bridge arrives at 200. Here we have an- 

"’.T ;   othcr conlonance, which mud be called a contatv/ b? 
HTrWr ! b Te a" ^T1Ua ) CaUiie k iS rather agreeable than otherwife, but flro’ngly in a degree, which would have paifed with the ancients marked by a mournful melancholy in the expreffion. gIn 
or jery good melody. Anltoxenus fays, that the ear the fcale of melody, it forms the third ilep fn thqfe airs 

b^ffitoltaWr eerr0r0faC°aini3‘ imswouldnow w!uch ^prefs lamentation or grief. It is called the be mtoleiable. m/„or thlrJt t0 dl^;ngu;rtl ;t from h j p • 
But another advantage attends our method. We concord, which, being a larger interval iscdled Z g 

obtain, by its affillance, the moft pertVa fcale of melo- jor third. S 8 ’ 'S talled the 

thJ in^,<:e?ree aUa'nable only by chance by It is well known, that thefe two thirds give the di- Determina the Greeks. This is now to be our bufmefs to un- ftinguifhing charadlers to the only two modes of melo-don of the* 

IT ,1 Ui U -J o , r , , dious compofition that are admitted into modern mufic 3d' H. Set the moveable bridge at 158, and found the Hie feries containing the major third is called the mn 
two ftnngs. They w,U beat very difagreeably, being jor. and that containing the minor thiid Ts called X 
plainly out of tune. Slide it giadually toward 160, minor mode. It is worthy of remark that- tf fa f'. 1 
and the beats will grow flower and flower ; will change preachers, in their conventicles and field fermons "affed* 
to a gentle and not unpleafant undulation ; and at 1.11, this mode in their harangues, which are often diftinaiy 
when the bridge is at 160, will vannh entirely, and the mulical, modulating entirely by mufical intervals and 
two founds w,ll coalefce .nto one iweet concord, in keeping the whole tf,heir chrlt in foboidiSn to 

a fundamental or key note. This is not unnatural, 
when we conlider the general fcope of their difeomfes, 
namely, to iiifpire melancholy and humiliating thoughts, 
awakening furrow, and the like. It is not fo eafy to* 
account for the ufual whine of a beggar, who geoerally 
craves chanty in the major third. This is the cafe, at 
leali;, in the northern parts of thisifland. 

If we continue to fliift the bridge ftill nearer to the 53 

t ' 4 1 ^ • v« V.V C V/11V. C/i V2 9 ill 
which neither of the component founds can be diitin- 
guiflied. If the found given by the fliort firing be now 
examined as a ftep in the fcale of melody, it will be 
found a fifth to the found of the long firing or funda- 
mental note, perfectly fatisfadory to the niceft ear. 
Thus one ftep of the leale has been afeertained. 

III. Slide the bridge flowly along the firing. The 
beating will recommence, will become the flutter, and 
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then a jarring noife , and will again change to an angry end of the 1* ring w“ fc 1 ear notfi,, ‘ 1 nt''r'' 'V 
flutter beating about eight times in a foclnd, when fhl of vile difoordaS noifo fomJX llfoffefo"" 
bridge flands at 169 neatly. Pufhing it flUl on, but the bridge is about the divifions 21^ and oifi h, t - 
very flowly, the flutter will become an indillind jarring there are very unpleafant ~ J 1 

noife ; which, by continuing the motion, will again be- ,TTT T 

come a flutter, or beat about fix in the fecund. The 
bridge is now' about 171. 

IV. Still continuing the motion, the flutter becomes 
a jarring noife, which continues till the bridge is near 
to 180, when the rapid flutter will again be heard. 
1 his will become flower and flower as we approach to 

VII. Let us therefore change our manner of pro-Determina- 
ceeding a little, and again place the bridge at i6o,tionof ^ 
which Will give us the pleafing concord of the fifth. In-6th- 
ftead of pufhing it from that place toward the nut, let 
it be moved toward the wheel or bow. Without re- 
peating what we have faid of the appearance of the 
beatings, their acceleration, and their degenerating- in- 

t8o ; and when the bridge reaches that point! all beat- to a jarring difeord ^ ,n 

ing vamfhes, and we have a foft and agreeable concord, other beating, &c &c we fhall onTvlbf ^ 
but far inferior to the former concord^in that cheering we place the brid^at Ten IP T’ ' ^ 
fweetnefs which charafterifes the fifth. When this notf we Lar a confonance which k in ^ 
is compared with that of the fundamental firing as a fant, and may therefore he r 1 ^ Tu P T 
flep in the fcale of melody, it is found to correfpond to other mark^o a concord wffich " T u ' l- 
the note fa, or the fourth ftep in the fcale, and in that fo mucrufe of • for L making 
employment to give complete fatisfa&ion to the ear. ffiift the bridge’to either fil f recom^ence when,wc 

V. Still advancing the moveable bridge toward the the fixth fte/in the defending fade of mournfuT me- 

lody ; 
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fempti-a- lody ; that Is, when we are paffing from . 
nent of the tgraver notes, with the intention of putting an em- 
Scale of phafis on the third and the fundamental. Although 

not eminent as a concord with the fundamental alone, 
it has a moil pleafing effe6l when liftened to in iubor- 
dination to the whole feries, or when founded along 
with other proper accompanyments of the fundamental. 

S5 VIII Placing the bridge at 144, we obtain another 
Determina- very pleafing concord, differing in its expreffion from 
:ion of the yf 5}^ foregoing. We find it difficult to expreis 

its chara&er. It is greatly inferior to the fifth in Iweet- 
nefs, and to the major third in gaiety, but feems to 
poffefs, in a lower degree, both of thefe qualities. In 
the fcale of cheerful melody, it is the fixth note, winch 

v we have diftinguifhed by the fyliable la. It is alfo ufed 
even in mournful mtdody, when we are aicending, with 
the intention of clofing with the odtave. 

^ In fhifting the bridge from 14410 12c, we obtain 
4 Scale of the nothing but difeordant, or at leal! difagreeabie confo- 

upper oc- nances. And, laftly, if we move the bridge beyond 
tave- 120, to divifions which are refpeaively the halves of 

thole numbers which produced the concords^ already 
treated of, we obtain the fame fteps in the fcale of the 
upper oclave. Thus if the bridge be at bo, we hate 
the fifth to the o£tave note, or twellth to the funda- 

, mental. If it be at 60, we obtain the double oftave, 
&c. &c. &c. _ . 

I Charaders We have perhaps been rafh in affixing certain moral 
of the dif- or fentimental chambers to certain concords; for we 

liferent con- j,ave feen inftances of perfons who gave them different 
| cordt. denominations; but thefe were never contradictory to 
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the acute to of this difference : There was a great fimplicity in the Tempera- 

voice parts : the fyllables were not drawled out ,nto ^caleVf 
long mufical phrafes, but pronounced nearly according Mufic. 
to their proper quantities; fo that the fentiment of the -y ■ 
fpeaker was expreffed with all the force of good de- 
clamation, and the harmony of the accompany ment then 
ffrengthened the appropriate effeCt ol the melody. We 
mean net to offer thefe obfervations as of much autho- 
rity, but merely to mention fome fads, and to affign 
what we felt to be their cauies, in order to promote, in 
fome degree, however infignificant, the cultivation of* 
mufical fcience. With this view, we venture to fay, 
that fome of the bell compofitions of Knapp of York 
uniformly affedt us more than the more admired anthems 
of Bird and Tallis. A cadence, which Knapp gives 
aimed entirely to the melody, is laboured by Bird or 
Tallis with all the rules of art ; and you have its cha- 
racters of perfedl or imperfect, full or difappointed, ca- 
dences, and fuch an apparatus of preparation and re- 
folution of difeords, that ) ou forefee it at the didance of 
feveral bars, and then the part affigned to the voice 
feems a very trifle, and merely to fill up a blank in the 
harmony. Such compofitions fmell of the lamp, and 
fail of their purpofe, that of charming the learned ear. 
But enough of this digreffion. 

Thus have we found a natural relation between cer- 
tain founds ftrongly marked by very precife charafters. 
The concordance of found is marked by the abfence of 
all undulation, and the deviations from this harmony are 
fhewn to be meafurable by the frequency of thofe un- 
dulations. We have alio found, that the notes, which 
are thus harmonious along with the fundamental, are 
deps in the fcale of natural mufic (for we mud ac- 
knowledge melody to be the primitive mufic, diftated 
by nature). We have got the notes— m/, fay folt 
la—do, afeertained in a way that can no longer be mif- 
taken. 

Let us now examine what phyfical or mechanical re- Rat;os be- 
lations thefe founds Hand into each otlwr. Our mono-i0ngjCg to 
chord gives us the lengths of the drings ; and the dif- the gon. 
covery of Galileo {hews us, that thefe are alfo the du- cortl?» &c, 
rations of the aerial pulfes which produce the fenfations 
of mufical notes. Their ratios may therefore be truly 
called the ratios of the founds. Now we fee that the 
firings which produce the founds do fol are 240 and 
160." Thefe are in the ratio of 3 to 2. In this man- 
ner we may date all the ratios obferved in our experi- 
ment, viz. 
Do : mi have the ratio of 240 to iqZjOrofj^ 

53, 

ours, but always expreffed fome fentiment allied to that 
which we have affigned. We never met with an m- 
dance of a perfen capable of a little diferiminating re- 
fledlion, who did not acknowledge a mamfed fentimen- 
tal didinftion among the different concords which could 
not be confounded. We doubt not but that the Greexs, 
a people of exquiiite fenfibility to all the beauties^ of 
tade and fentiment, paid much attention to thele cha- 
ra&ers, and availed themfelves of them in their compo- 
fitions. We do not think it at all unlikely, that great- 
er effedts have been proauced by their mufic, which 
was dudied with this exprtfs view, than have ever been 
produced by the modern mufic, with all the addition of 
harmony. We have allowed too great a fhare of our 
attention to mere harmony. Our great authors are 
much lefs folicitous to compofe an enchanting air, than 
to conftrudl a full fcore of rich and well condudled har- 
mony. We do not profefs to be nice judges in mufical 
eompofition, but we may tell what we ourfelves expe- 
rience. We find our minds worked up by a continu- 
ance of fine harmony into a general fenfibility ; into a 
frame of mind which would prepare and fit us for re- 
ceiving drong impreffions of moral fentiment, if theie 
were diftindlly made. But we have feldom felt any 
didindl emotions excited by mere indrumental mufic. 
And when the harmonies have been merely to fupport   o o . ^ , 
the performance of a voice, the words have been either gemous and unwearied fpeculatrons of the Greek ma- 
fo frittered by mufical divifions, as to become m fome thematicians enlified into the fervice of mufic, wi boat 
meafure ludicrous-or have been fo indidina, and made being able to give a good reafon why. The ratio 5 :4, 
fo trifling a part of the mufic, that there was nothing which their fadidimis metaphyhcians rejefted, and which 
done to give a particular ffiape to the moral impreffion others wifhed to introduce from motives of inere necef- 
on our mind. We have generally been drongly affed- fity to fill up a blank, is pointed out to us by one of 
ed by fome of the anthams which were in vogue in for- the fined concords. 1 he interval between the fourth, • _ 1   tfip raiifp and fifth 1$% wrv /c 

59 

Do : fa 
Do : fol 
Do : la 
Mi : fol 
Fa -.fol 
Sol : la 
Mi ifa 

2_|0 
24O 
24O 
192 
l8o 
160 
192 

l80 
l6o 
H4 
160 
160 
J44 
180 

4 : 3 
3 : 2 
5 : 3 
6 : $,—do : md 
9:8 

10 : 9 
16 : 15 

Here we get the fight of all the ratios which the in 

?ner times 
or tne antnams wmeu wcic . , n r.u r 1 
and we think that we perceived the caufe and fifth is, wry fortunatelyt a itep oi the leak 
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The next flep fo! la is more important. For the ear 
for melody would have been very well fatisfied with an 
interval equal to fa ful, or 9 : S ; but if the moveable 
bridge be fet at the divifion 142^, correl'ponding to 
fuch a ftep, we ftiould have a very offenfive flutter- 
ing. It is reafonable therefore to conclude, from ana- 
logy, that the interval fol la does not correfpond to 
the ratio 9:8; and that 10:9, which is, at leaft, 
equally fatisfadftory to the ear, is the proper ftep, even 
in the fcale of melody. If we conlider what may be 
called the fcale of harmony, there is no room left for 
doubt. To enjoy the greateft poflibk pleafure of har- 

'mony, we miift not only take each note as it is related 
to the fundamental, but alfo as it is related to other 
notes of the fcale. It may chance to be convenient to 
a flu me for the fundamental of our occaiional fcale of 
modulation, the ftring of the lyre which is tuned as fa 
to its proper fundamental ; or it may increafe the har- 
mony (and we know that it does), if we accompany the 
note do with both of the notes fa and la. To have the 
fine concord of the major third, it is neceflary that the 
interval/a la be equivalent to the ratio 5 : 4. Now^h 
is t8o, and 5:4= 180 : 144. Therefore, by making 
the ftep fol la equal to 9 : 8, wefhould lofe this agree- 
able concord, and get difeord in its place. 

And thus is evinced, in oppofition to Ariftoxenus, 
the propriety of having both a major and a minor tone ; 
the fir ft ex prefled by 9 : 8, and the laftby 10:9. The 
difierence between thefe fteps is the ratio 81 : 80, called 
& comma by the Greek theorifts. 

AVe ftill want two fteps of the fcale, and two founds 
or notes correfponding to them, namely re and ft; and 
we with to eftablifh them on the fame authority with 
the reft. We fee that this cannot be done by a con- 
cordance with the fundamental do. The ear fufficient- 
ly informs us that the fteps do re and lafi mu ft be 
tones, and not femitones, like mi fa. The fenfible fimi- 
larity of the two tetrachords, do re mi fa -awA fol la fi do, 
alfo teaches us that the ftep^/z do fliould be a femitone 
like mi fa. This feems to be all that mere melody can 
teach us. 13ut we have little information whether we 
fhall make lafiz. major or a minor tone. If we copy 
the tetrachord do re mi fa exactly, we fhall make the 
ftepyf do like mi fa, and equivalent to the ratio 16 : 1 j. 
This 1* quires the moveable bridge to be placed at 128. 
I he found produced by this divifion is perfectly fatis- 

faftory to the ear as a ftep of the fcale of melody. 
Moreover, our fatisfa&ion is not confined to the corn- 
par ifon of it with the note do, into which we Aide by 
this gentle ftep. It makes agreeable melody when ufed 
as the third to the note fol. If we examine it mathe- 
matically, we find it a perfedt major third to fol; for fol 
requires the 160th divifion. TNTow 160 : 128 = 5 14, 
wnich is the ratio of the pulfes of a major third. All 
thefe reafons feem enough to make us adopt this deter- 
mination of the note ft. 

It remains to confider how we ftiall divide the inter- 
val do—mi. It is a perfea major' third. So is fa la, 
and fo \ifolfi. But in the firft of thefe two, we have 
icen that it muft be compofed of a major tone with a 
minor tone above it; and in the fecond we have a minor 
tone followed by a major tone above. We are left un- 
c ci tain therefore whether do re fhall refemble fa la or 
jolji m the pohtion of its two parts. Ariftoxenus and 
his ollowers declared the ear to be equally pleafed with 
i,oth. Ptolemy’s Syjkma Diatonicum Intenfum makes do 
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re a major tone, and other fyftems make it minor. E- Tempera- 
ven in modern times it haS been conlidered as uncertain ; m^nt,°k5ic 
and the only reafon which we have to offer fora prefer- 
ence of the major tone for the firft ftep) is, that, fo far as 
we can judge, by our own feelings, the founds in the re- 
lation of 9 : 8 are'Iefs dife'ordant than founds in the re- 
lation of 10 : 9> and becaufe all the other fteps have been 
determined by means of concords with the key. We re- 
fei, for a more particular examination of the principles 

■on which thefe arrangements are valued, to Dr Smith's 
Harmonics, Prop. I. where he fhews how one is preferable 
to another, in proportion as it affords a greater number 
or perfect concords among the neighbouring notes, 
which is the favourite objedt in all modern mufic. Upon 
this principle our an'angement is by far the heft, becaufe 
it admits five more concords in the octave than the o- 
ther. Lut'we have confidered the fubjedt in a different 
manner, merely to avail ourfelves of the phenomenon by 
which all the fteps, except one, feem to be naturally 
afeertained, and by which the connection between har- 
mony and melody feems to be pointed out to us. 

It will be convenient to reprefent the tones major 
ana minor and the hemitone, by the fymbols T, t, and 
H. Alfo to mark the notes by the Roman numerals, 
or by cyphers according as they are the extremes of 
major or minor intervals. By this notation the odtavfe 
may be reprefented thus: 

&c. 

10 9 16 9 
in 4'v vi vn viii ix x&c. 

The reader will remark, that the primary divifions 
which we affigned to the reprefentation of an o&ave in 
fig. 1. by the circumference of a circle, are in conformi- 
ty to this Ptolemaic partition of the odbave. He will 
alfo be fenfible, that the divifion into five equal mean 
tones and two equal hemitones, which is expreffed by 
the dotted lines, agreeing with the 'Ptolemaic divifion 
only at C and E, is effedled by bifefting the arch CE; 
and therefore the deviation of the found fubftituted for 
the Ptolemaic D is half the difference of CD and DE, 
that is, half a comma. The deviations therefore at F, 
G, A, and B, are each a quarter of a comma. 

It is well known, that if the logarithm of the length jj0_arj(;jv> 
of one ftring be ffubtradled from that of another, themiemea- 
difference is a meafure of the ratio between them. lures of the 
Therefore 30103 is the meafure of the mufical interval rnullc.al “l* 
called the o&aye, and then the meafures of the tervals. 

Comma 
Hemitone 
Minor tone 
Major tone 
3J • 
Hid 
4th 
Vth . 
6th 
Vlth . 
Vllth 
VII Ith 

. 540 or 54 
. 2803 280 

4576 458 
• 5IX5 J12 
. 7918 792 

. 9691 969 
. 12494 1249 

. 17609 1761 
. 20412 2041 
• 22185 2219 

27300 2730 
3OI°3 30I° 

Phis is a very convenient circumftance. If we take 
only the four firft; figures as integers, and make the 

O&ave 
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rcmpera- ot^lave confift of 3010 parts, we have a fcale more exaft anj 
.nt of the t|ian the nicefl harmony requires. The circumference 
eale of a c;rcje he fQ divided into 301 degrees, and the 2 q n 

moveable circle have a nonius, fubdividing each into 10 ' 
Or it may be divided into 55,8 degrees, each of which 
will be a comma. Either of tliefe divifions will make 
it a mod convenient inttrument for expeditioufly exa- 
mining all temperaments of the fcale that can be propo- 
fed. Or a flraight line may be fo divided, and repeat- 
ed thrice. Then a Aiding ruler, divided in the lame 
manner, and applied to it, will anfwer the fame purpofe. 
We (hall fee many ufeful employments of tkefe inltru- 
ments by and by. 

Having thus endeavoured to communicate fome plain 
notion of the formation and lingular nature of that gra- 
dation of founds which produces all the plealures of 
mufic, and of the manner of obtaining the Heps ot this 
gradation with certainty and precilion, we proceed to 
confider how thofe mufical paffages may be performed 
on fuch keyed inftruments as the organs and harpfi- 
chords, as they are now conftrudted. Thefe inllruments 
have twelve founds and intervals in every oftave, in or- 
der that an air maybe performed in any pitch; that is, 
taking any one of the founds as a key note. It is plain 
that this cannot be done with accuracy; for we have now 
feen that the interval mi fa is bigger than half of do re 
or re mi, &c. and therefore the intercalary found for- 
merly mentioned to be inferted between C and D, 13 
and E, &c. will not do indifcriminately for the (harp of 
the found below and the fiat of the found above it. 
When the tones are reduced to a mean fize, the ear is 
fcarcely fenfible of the change in melody, and the har- 
mony of the fifths and fourths is not greatly hurt. But 
when the half notes are inferted, and employed to make 
up harmonious intervals, as recommended by Zarlino, 
the harmony is very coarfe indeed. 

But we muil make the reader fenfible of the neceffity 
of fome temperament, even independent of thofe arti- 
ficial notes. Therefore 

Let the fcholar tune upwards the four Vths cg, g d, 

d a,a e, all perfeft, admitting no beating whatever. 
This is eafily done, either with the organ or the wheel 
monochord already defcribed. Then tune downwards 

the perfect oAaves e e, e e. Now examine the Hid c e 
which refults from this procefs. If the inllrument be 
of the pitch hitherto fuppofed (c making 240 pulfes in 
a fecond,) this Hid will be heard beating 15 times in 
a fecond, which is a difcordance altogether intolerable, 
the note e being too fharp in the ratio of 81 to 80, 
which makes a comma. It is eafily found, by calcu- 
lation, that e makes 303^ pulfes, inftead of 300, required 
for the 11 Id to c. 

N. B. It may not be amifs to inform our readers, 
m 
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it be tempered flat, then b =r 
2 q m N 

M 
161 /> + 7’ 

[Smith's Harm. 2d edit. p. 82, &c.) 
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that if any concord, whofe perfddt ratio is — [m being 
n 

the greateft term of the fmallell integers expreffing that 

ratio), be tempered fliarpby the fraction ^ of a com- 

ma, and if M and N be the pulfes made by the acute 
and grave notes of the concord during any number of 
feconds, the number b of beats made in the fame tinje 
, , 2 <7 m N 2 7 n M 
by this concord will be     or 

Suppl. Vol. II. Part II. 
161 p—f 161 p-\-q 

It is impolfible, therefore, to have perfect Vths and 
perfect Illds at the fame time. And it will be found, 
that the 3d e ^refulting from this procefs, and the VI;h 
c a, are Hill more difcordant, rattling at an intolerable 
rate. Now the major and minor thirds, alternately 
fucceeding each other, form the greateft part of our har- 
monies ; and the Vlth is alfo a very frequent accom- 
panyment. It is neceffary therefore to facrifice fome- 
what of the perfetf harmony of the Vths, in order that 
we may not be difgulled with the difeord of thofe other 
harmonies; and it is this mutual accommodation, and 
not the changes made neceffary by the introdudlion of 
intercalary notes, which is properly called tempera- 
ment. It will greatly aflift us in underftanding the 
effedts of the temperaments of the different concords, if 
we examine all the divifions of the circular reprefenta- 
tion of the odfave and mufical fcale given in fig. 1. by 
placing the index of the moveable circle on that note of 
the outer circle for which we. want the proper harmo- 
nies, or accompanymcnts, which are either the 11 Id 
and Vth, or the 4th and Vlth. We fhall thus learn, 
in the firjl place, the deviations of the different perfedl 
notes of the fcale from the notes required for this new 
fundamental; and wre muft then ftudy what effedl the 
fame temperament produces on the agreeablenefs of the 
harmony of different concords having the fame bafs or 
the fame treble, taking it for granted that the hurt to 
the harmony of any individual concord is proportional • 
to its temperament. 67 

It is in this delicate department of mufical feience How thin 
that we think the great merit of Dr Smith’s work con-may he <>b- 
fifts. We fee that the deviation from perfeft harmony 
is always accompanied with beats, and increafes when 
they increafe in frequency—whether it increafes in the 
fame proportion may be a queftion. We think that 
Dr Smith’s determination of the equality of imperfett 
harmony in his 13th propofition, includes every mathe- 
matical or phyfical circumftance that appears to have 
any concern in it. What relates immediately to our 
fenfations is, as yet, an impenetrable fecret. The 
theory of beats, as delivered by this author, affords 
very eafy, though fometimes tedious, methods of mea- 
furing and of enfuring all the varieties which can ob- 
tain in the beating of imperfedb confonances. It ap- 
pears to us therefore very unjuft to fay, with the late 
writer in the Philofophical Tranfadtions, that this ob- 
feure volume has left the matter where it found it. 
The author has given us principles, although he 
may have been miftaken in the application; which how- 
ever we are far from affirming. Our limits will not 
allow us to give any account of that theory ; and in- 
deed our chief aim in the prefent article is to give a 
method of temperament which requires no fcientific 
knowledge of the fubjedt. But v'e could not think 
of lofing the opportunity of communicating, by the 
way, to unlearned perfons, fome more diftindl notions 
of the fcale of mufical founds, and of its foundation in 
nature, than fcholars ufually receive from the greater 
number of mere mufic mailers. The acknowledged 
connedtion of the mufical ratios with the pleafures of 
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ment of the au eafy anj not 0^fcure manner; and the phenomena 
?Mufur. we have faithfully narrated, fhew plainly that, by 

»^ -y diminifhing the rattling undulations of tempered con- 
cords, we are certain of improving the harmony of our 
inftrnments. We fhall proceed therefore on this prin- 
ciple for the ufe of the mere performer, but at the fame 
time introducing fome very fimple deductions from 
Smith’s theory, for which we expedt the thanks of all 
fuch readers as with to fee a little of the reafons on which 
they are to proceed. 

Method in The experiment, of which we have juft now given an 
pru&ice. account, fliews that four confecutive fifths compoie a 

greater interval than two oddaves and a major third. 
Yet, in the conftrudtion of our nmficai inllruments of 
fixed founds, they mult be confidered as of equal ex- 
tent ; fince we have 7 half intervals in the Vth, and 
12 in the odtave, and four in the Hid, four Vths con- 
tain 2d, and two odtaves contain 24 ; and thefe, with 
the four which compofe a Hid, make alfo 28. It is 
plain, therefore, that whatever we do with the Illds, 
we muft leffen the Vths. If therefore we keep the 
11 Id perfedh, we mult lefien each of the Vths by ^th 
of a comma ; for we learned, by the beating of the im- 
perfeCt lild c e, that the whole excels of the four Vths 
was a comma. Therefore tlid Vth eg mult be flatten- 
ed ^th of a comma. But how is this to be done with 
accuracy ? Recollect the formula given a little ago, 
where the number of beats b in any number of feeonds 

is — —— In the prefent cafe <7 = 1, /n =: t, 
161 X/> — q’ 

Id ~ 240 per fecund, andp 
mula 2 X 3 X 240 

4. Therefore the for- 

2,2 c in a fecond, or 
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161 X4-4-1 
beats in four feconds very nearly. 
In like manner, the next Vth^ J muft be flattened 

jjth of a comma, by making it beat half as fait again, 
.or 14^ beats in four feconds (becaufe in this Vth 
N = 460. But as this beating is rather too quick to 
he eafily counted, it will be better to tune downwards 
the perfeCt oCtave^ G, which will reduce N to 18c for 
the Vtb G d. This will give us 1,68 per fecond, or 
jO beats in 6 feconds very nearly. 

There is another way of avoiding the employment 
of too quick beats. Inllead of tuning the oClave g G, 
make c G beat as often as This is even more exact- 
ly an oCtave to g than can be eilimated by a good ear. 
i)r Smith has demonftrated, that when a note makes a 
luinor concord with another note below it, and there- 
fore a major concord with the oCtave to that note, it 
beats equally with both ; but if the major concord be 
below, it beats twice as fall with the oClave above. 
Now in the prelent cafe, eg is a vth, and c G a 4th. 
For the fame reafon c f would beat twice as fall as 
c F. 

In the next place, the Vt\\d a mufl be made to beat 
flat 15 timns in 6 feconds. 

In like manner, inflead of tuning upward the Vth a e, 
tune downward the oClave a a, and then tune upward 
the Vth^e, and flatten it till it beat 15 times in 8 fe- 
conds. 

If we take 15 feconds for the common period of all 
thefe beats, we (hall have 

70 
>f a vs. 
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The beats of c g = 34. 

G d ~ 25. 
da ~ 37r* 
a e — 28. 

We fhall now find e to be a fine I l id, without any 
fenfible beating ; and then we proceed in the fame way, 
always tuning upward a perfeCl Vth; and when this 
would lead us 'too high, and therefore produce too 
quick beating, we fhould tune downward an oClave, 
Do this till we reach b $, which fhould be the fame 
with c, or a perfeCl oClave above r. This will be a full 
proof of our accurate performance. But the befl procels 
of tuning is to flop when we get to g Then we tune 
Vths downward from c, and oClaves upward when the 
Vths would lead us too low. Thus we get c F, Fy, 
f bh, bh bb■, b'J eb, and thus complete the tuning of aa 
oClave. We take this method, inflead of proceeding 
upwards to £ $ ; becaufe thofe notes marked fharp or 
flat are, when tuned in this way, in the bell relation to 
thofe with which they are moll frequently ufed as I lids. 

This procefs of temperament will be greatly expe-Ufe 
dited by employing a little pendulum, made of a ballriable pen- 
of about two ounces weight, Aiding on a light deal rod,llulum* 
having at one end a pin hole through it. To prepare 
this rod, hang it upon a pin ftuck into the wainfeoat- 
ing, and Aide the ball downward, till it makes 20 vi- 
brations in 15", by comparing it with a houfe clock. 
In this condition mark the rod at the upper edge of 
the ball. In like manner, adjufl it for 14, 28, 32, 36, 
40, 44, 48, vibrations, making marks for each, and di- 
viding the fpaces between them by the eye, noticing 
their gradual diminution. Then, having calculated the 
beats of the different Vths, fet the hall at the mark fuit- 
ed to the particular concord, and temper the found till 
the beats keep pace exaClly with the pendulum. ^ 

But previous to all this, w-e mufl know the number Abfolute 
of pulfes made in a fecond by the C of our inftrument.'^’j^6™* 
For this purpofe we muft learn the pulfes of our tuning 
fork. To learn this, a harpfichord wire muft be ftretch- 
ed by a weight till it be unifon or oClave below our 
fork: then, by adding y^th of the weight to what is 
now appended, it will he tempered by a comma, and 
will beat, when it is founded along with the fork ; and 
we muft multiply the heats by 80 : The produd is the 
number of pulfes required. And hence we calculate the 
pulfes of the C of our inftrnment when it is tuned in 
perfeCl concord with the fork. 

The ufual concert pitch and the tuning forks are fo 
nearly confonant to 240 pulfes for C, that this procefs 
is fcarcely neceflary, a quarter of a tone never occafion- 
ing the change of an entire beat in any of our numbers. 7* 

The intelligent reader cannot but obferve, that thisSyftem of 
fyftem of tuning with perfeCl Illds, which is preferred 
to all others by many great mailers, is the one repre-p^.^ j|jj 
fented by our circular figure of the oClave. The Hid 
is there perfeCl, and the Vth CG is deficient by a quar- 
ter of a comma. We cannot here omit taking notice 
of a moil valuable obfervation of Dr Smith’s on this 
temperament, and, in general, on any divifion of the 
oClave into mean tones and equal limmas. ^ 

The oClave being made up of five mean tones andpropor- 
two limmas, it is plain that, by enlarging the tones, tional va- 
we diminifh the limmas, and that the increment of the^'®'^ 
tone is two-fifths of the contemporaneous diminution 

the 
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tlie limmti. If, therefore, we employ the fymbol "J to ex- 
prefs any minute variation of this temperament, and make 
the increment of a mean tone =z 2v, the contempora- 
neous variation which this induces on a hmma will be 
  t* <y ; and if the tone be diminilhed by the lame 

quantity — 2 v, the limma will increafeby the quanti- 
ty c v. Let us fee what are the contemporaneous chan- 
ges made on all the intervals of the odlave when the 
tone is diminilhed by 2 •u. 

1. A Vth is made up of three tones and a hmma. 
Therefore the variation of its temperament is = — 6 v 
+ c .p, or is = — That is, the Vth is flattened from 
its former temperament, whatever that may have been, 
by the quantity — v. Confequently the 4th, which is 
always the complement of the Vth to the o&ave, has its 
temperament lharpened by the quantity v" 

2. A lid, being a tone dillant from the fundamen- 
tal, has its temperament changed by — 2 v. 

Therefore a minor 7th is railed by 2 v. 
3. A minor 3d is made up of a tone and a hmma : 

therefore its variation is = — 2 <y + 5 <u. or = 3 
Therefore a major Vlth (its complement) lofes — 3 v. 

• 4. A maj. Hid, or two tones,hasits variation = 4 ‘l’• 
Therefore a minor 6th has its variation = 4 ‘u* 
c. A maj. Vllth, the complementof alimmahas— 5 v. 
6. A tritone, or IVth, muft have the variation =z — 6v. 
Therefore the falfe 5th muft have - ~ ' c „

6v' 
From this obfervation, Dr Smith deduces the rollow- 

ing Ample mathematical conftruftion : In the ftrait line 
CE (fig. 2.) take the fix equal parts Cg,gd, d a, a E, 
Y. b, b t, and draw through the points of divilion the 
fix parallel lines g G, d D, &c. Let thefe lines repre- 
fent fo many fcales of the o&ave, fo placed that the 
points C, g, d, &c. may reprefent the points C, g, d, 
&c. of the circular fcale in fig. 1 where it is cut by 
the dotted lines reprefenting the fyftem of mean tones 
and limmas. Then, 1/, take a certain length d G on the 
firft line, to the right hand of the line CE, to renrefent 
a quarter of a comma. G will mark the place of the pci- 
fecf Vth, while# reprefents that of the mean or tempered 
Vth. 2dly, Set off d D, double of# G, in like man- 
ner, to the right hand on the fecond parallel. 1 his 
will be the place of the perfed lid to the key note C. 
idly, Alfo fet off a A, on the third parallel, to the left 
hand, equal to #G. This will mars the place of A, 
the Vlth to the key note C. tfhly, Elace E on the 
point e, becaufe, in the fyftem of mean tones reprefent- 
<-d in fig. 1. the Illds were kept perfed. Make 
b B, to the right hand on the yth line, equal to g G, 
to mark the place of the perfed Vllth to the key note 
C. And, 6thly, make / F, to the right hand on the 
iixth line, equal to twice g G. This will ferve for fhew- 
ing the contemporaneous temperament of the tutone, 
or IVth, contained between b and B, as alio of itscom- 
plement, the falfe 5th in fig, 1. 

It is evident that the temperament of all the notes 
of the odave, according to the above mentioned fyftem, 
are properly reprefented in this figure. The Vth is 
tempered flat by the quarter comma G #; the lid is 
tempered flat by the half comma D d-, the Vlth-is 
tempered {harp by a quarter comma A a ; the Hid is 
perfed ; the Vllth is flat by a quarter comma B b ; and 
the 4th’is fharp by a quarter comma G #. 

Now, let anv other ftraight line C /' be drawn from 
C acrofs thefe parallels. This will mark, by the inter- 
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vals g> G, d D, &c. the temperaments of another fy- TemI*^*e 
ftem of mean tones and limmas. For it is evident, that gcaie 0f 
the contemporaneous variations g g1, d d!, &c. from the jyiufic. 
former temperament, are in the juft proportions to each —^ 
other ; gg' being = — v, the variation proper for the 
Vth, and the oppofite temperament for its completnent 
or 4th. In like manner, a a' h 3 *>, the variation 
competent to the Vlth ; and E tf' is = 4 f, the proper 
variation for the Hid. 

In like manner, b b' is zz 5 *», the variation of the 
Vllth and 2d. And, laftly, t f is the variation 6 *11 of 
the tritone, and its complement, the falfe fifth. 

For all thefe reafons, any ftraight line C or C e', 
drawn from C acrofs the parallels, may juftly be called 
the TEMPERER. m , 

This is a very ufeful conftrudion : For it is plain, T5 

that the founds which can be placed in our organs and 
harpfichords, which have only twelve keys for an oc- 
tave, muft approach to a fyftem of mean tones. The 
divifion of the odave into twelve equal intervals is fuch 
a fyftem of mean tones exadly. Now, in fuch fyftems, 
when a line is drawn from C acrofs the parallels, we fee, 
at one glance, not only all the temperaments of the 
notes with the key note, but alfo the temperaments ot 
thofe concords which the notes employed in full har- 
mony make wdth each other. Thus, in the harmony 
of K  III — V, the III and V make a minor 3d 
with each other ; and in the harmony of K -—4 — VI, 
the 4 and VI make a major 3d with each other. Now 
the reader will eafily fee, that the firft ot thefe concords 
hasits interval diminifhed on both fides, when the Hid 
is tempered {harp, but only on one fide when it is tem- 
pered flat. The mathematical reader will alfo eafily fee, 
that the contemporaneous temperament A a' of the 
Vlth is always equal to the fum g' G and Ye, and that 
A a" is equal to the difterence of ^ G and Ye. I heie- 
fore the temperament ot this fubordinate concord, in 
the full harmony Iv — III — V, is, in all cafes, the 
fame with the contemporaneous temperament of the 
Vlth. 

In like manner, he will perceive that the tempera- 
ment of the fubordinate Hid, in the harmony of 
K 4 VI, is equal to the contemporaneous tempe- 
rament of the HI 

We alfo fee, in general, that the whole harmony is 
more hurt when the temperer lies in the angle ECIv, 
with the Hid tempered (harp, than when it is in the an- 
gle ACE, when the Hid is flat ; and that the fum of 
all the temperaments of the concords with the key is the 
fmalleft when the 11 Ids are perfedt. This fyftem of 
mean tones, with perfect IUds, would therefore be the 
beft, if the harmony of different concords were equally 
hurt by the fame temperament. 77 

We do not know any thing that has been publifhed 1epa^f 
on the fcience of mafic that gives more general, and 
fpeedy inftrudion than this fimple figure. If it be 
drawn of fuch a fize as to allow the comma EK to be 
divided into a number of equal parts, fufficiently fen- 
fible, all trouble of calculation will be faved. 

We would therefore propofe to accompany this fi- 
gure with proper fcales. 

The JirJl fcale fhould have G# divided into 131 parts. 
This will exprefs the logarithmic meafures of the tem- 
peraments mentioned in n 63. n comma being — 54- 

The fecond fcale Ihould have# G divided into 36 parts. J 4 P 2 This 
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Tempera- This gives the beats made in 16 feconds by the notes 
mcntof thef> ^ when tempered by any quantity G g'. 

The third fcale Ihould have^ G divided into 60 parts, 
for the beats made by the notes r, e, or the notes c, a. 

The fourth fcale Zhou Id have^ G divided into 72 parts. 
This gives the beats made by the key note C, with its 
minor third eb, 

The ffth fcale fhould have^ G divided into 48 parts, • 
for the beats made by the notes c, f. 

Thefixth fcale fhould have^ G divided into 89 parts, 
on which A a is meafured, to get the beats of the fu- 
bordinate concord formed by g and e in the harmony of 
K — III —V. 

And, laflly, g G, divided into 80 parts, will give the 
beats made byy'and a in the harmony of K — 4 — VI. 

We are ignorant of the immediate efficient caufes of 
the pleafure we receive from certain confonances, and 
fhould therefore receive, with fatisfa&ion, any thing 
that can help us to approximate to a meafure of its de- 
grees. We know that, in faft, the pleafantnefs of any 
individual concord increafes as the undulations called 
leats diminifh in frequency. It is probable that we 
fhall not deviate very far from the truth, if we fuppofe 
the harmonioufnefs of an individual tempered concord 
to be proportional to the flownefs of thefe undulations. 
But it by no means follows, that a temperate Vth and 
a Illdare equally pleafant, each in its kind, when they 
beat equally flow. There is a difference in hind in the 
pleafures of thefe concords : and this muff arife from the 
peculiar manner in which the component pulfes of each 
concord divide each other. We are certain that this 
is all the difference that obtains between them in Na- 
ture. But the harmonioufnefs here fpoken of is the 
arrangement which produces this pleafure. We are in- 
titled to fay, that this is equal in two given inftances, 
when the arrangements are precifely fimilar; and when 
the things arranged are the fame, nothing feems to re- 
main in which the inftances can differ. 

At any rate, it is of confequence to be able to pro- 
portion and diftribute thefe undulations at pleafure. 
They are unpleafant ; and when reinforced by uniting, 
muff be more fo. ' The theory puts it in our power to 
prevent this union : perhaps by making them very un- 
equal ; or, if this fhould give a chance of periodical ac- 
cumulation, we may find it better to make them all 
equal. Surely to have ail this in our power is very de- 
firable ; and this is obtained by the theory of the beats 
of imperfeft confonances. 

But we are forgetting the procefs of tuning, and 
have only tuned three or four notes of our oftave. We 
muff tune the reft by confidering their relation to notes 
already tuned. Thus, if ^ c makes 36 beats in 16 fe- 
conds, F c fhould make one third lefs, or about 24 in 
the fame time ; becaufe N in the formula is now i6q 
inftead of 240. Proceeding in this way, we fhall tune 
the ottave C c moft accurately as a fyftem of mean 
tones with perfedt I lids, by making the notes beat as 
follows. A point is put over the note that is to be tuned 
from the other, and a 4-» 01* ^—> means that the concord 
is to be tempered fharp or flat. Thus g is tuned from cK 
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Make c a beat -J- 60 times in 16 feconds 
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Tempera- 
ment of the 

Scale of 
Mufic. 

O ( 
O 

24 i. e. |ths of c g 

o, i. e. a perfedt odtave 

^ths of g 

df% 
e_g% 
a c % 
bb f downward 

hb~bb 

bb eb dowmw'ard — 43, i. e. £ths of c <§- 

C c o an odtave. 
Other proceffes may be followed, and perhaps fome 

of them better than the procefs here propofed. Thus, 
bb and e* may be tuned as perfedl lllds to d and ig- 
downwards. Alfo, as we proceed in tuning, we can 
prove the notes, by comparing them with other notes 
already tuned, &c. &c. &c. 

We have directed to tune the two notes bb and eb 

by taking the leading Vth downwards. We fhould 
have come at the fame pipes in the charadler of aifc 
aud d'#. in the procefs of tuning upwards by Vths. But 
this would not have produced precifely the fame founds, 
although, in our imperfed inftruments, one key muft 
ferve for a'% and bb. By tuning them as here direded, 
they are better fitted for the places in which they will 
be moft frequently employed in our ufual modulations. 

It may reafonably be afked, Why fo much is facrifi-Ano
8

t^r 
ced in order to preferye the lllds perfed ? Were they fyftem very 
allowed to retain fome part of the fharp temperament fit for our 
that is neceffary for preferving the Vths perfed, we,nftru' 
fhould perhaps improve the harmony. And fince enlar- ment3, 

ging the Vth makes the tone greater, and therefore 
the limma mi fa much fmaller, it will bring it nearer to 
the magnitude of a half tone ; and this will be better 
fuited for its double fervice of the fharp of the note be- 
low, and the flat of the note above. Accordingly, fuch 
a temperament is in great repute, and indeed is gene- 
rally pradifed, although the Vlths and the fubordinate 
chords of full harmony are evidently hurt by it. Even 
Dr Smith recommends it as well fuited to our defedive 
inftruments, and gives an extremely eafy method of ex- 
ecuting it by means of the beats. His method is to 
maketthe Vth and Hid beat equally fall, along with 
the key, the Vth flat, and the third fharp. Fie demon- 
ftrates (on another occafion), that concords beat equally 
faft with the fame bafs when their temperaments are in- 
verfely as the major terms of their perfed ratios. There- 
fore draw EG, and divide it in p, fo that E p may be to 
pG as 3 to 5. Then draw C/>, cutting^G in and E K Fig. 4. 
inV; and this temperer will produce the temperament 
we want. It will be found, that E e and Gf are each 
of them 32 of their refpedive feales. 

Therefore make eg beat 32 times in 16 feconds 

G c 32 
' , G </ 24 

G b 24 and tune b b 
d a 36, and tune a a 
Jf% 36 
a e 27 
a 27 
e b 40 4, proving b b 
eg% 40F 
F <; 2iyj and tune Ff 

F 
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It may be proper to add to all tliefe indruAions a 
caution about the manner of counting the clock while 
the tuner is counting the beats. If this is to continue 
for iJS feconds, let the perfon who counts the clock 
fay one at the beat he begins with, and then telling them 
over to himfclf, let him fay done initead of 17. I hus 
16 intervals will elapfe while the tuner is counting the 
beats. Were he to begin to count at one, and Hop 
when he hears fixteen, he would get the number of beats 
in I 5 feconds only. 

We do not hefitate to fay, that this method of tu- 
ning by beats is incomparably more exadt than by the 
mere judgment of the ear. We cannot miftake more 
than one beat. This miftake in the concord of the Vth 
amounts to no more than T^-^th of a comma ; and in the 
11 Id it is only T4-g. 

It may be objected that it is fit only for the organ 
and inftruments of continued founds, but will not do for 
the quickly perifhing founds of the harpfichord. 1 rue, 
it is the only method worthy of that noble inflrument, 
and this alone is a title to high regard. But farther ; 
the accuracy attainable by it, renders it the only method 
fit for the examination of fyflemsof temperament. E- 
ven for the harpfichord it is much more exadf, and 
more certain in its procefs, than any other. It .does 
not proceed, by a random trial of a flattened feries of 
Vths, and a comparifon with the refulting IIId, and a 
fecond trial, if the firfl be unfatisfadlory. It fays at 
once, let the Vth beat fo many times in 16. feconds. 
Even in the fecond method, without counting, and 
merely by the equality of the beats'of the Vth and 11 Id, 
the progrefs is eafy. Both are tuned perfect. T. he Vth 
is then flattened a little, and the Hid (harpened if 
the Vth beat fafier than the 11 Id, alter it firfl. 

All difficulty is obviated by the Ample contrivance of 
a variable pendulum, already deferibed. This may be 
made exadl by any perfon that will take a little pams ; 
and when once made, will ferve for every trial. When 
the ball is fet to the proper number, and the pendulum 
fet a fvvinging, we can come very near the truth by a 

. very few trials. 
N. B. In tuning a piano forte, which has always 

two firings to a key, we muft never attempt tuning 
them both at once ; the back unifon of both notes ot 
the concord muft be damped, by flicking in a bit of 
foft paper behind it. 

We hope that the inftru&ions now given, and the 
application of them to two very refpeftable fyftems of 
temperament, are fufficient for enabling the attentive 
reader to put this method of tuning fuccefsfully in prac- 
tice, and that he perceives the efficiency of it for attain- 
ing the defired end. But before we take leave of it, 
we beg leave to mention another circumftance, which 
evinces the juft value of the general theory of the beats 
of imperfett confonances as delivered by Dr Smith, 

riem of Thefe reinforcements of found, which are called beat- 
eTarti- ings, are noifes. If any noife whatever be. repeated, 
an founds. wjth fuffic;ent frequency, at equal intervals, it becomes 

a mufical note, of a certain determinate pitch, If it 
recur 60 times in a fecond, it becomes the note C fa 
uty or the double o&ave below the middle C of our 
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harpfichords, or the note of an open pipe eight &et Tc™Fr

t
a
h'e 

long. Now there is a fimilar (we may call it the very 0f 
fame) reinforcement of found in every concord. Where Mufic. 
the pulfe of one found of the concord bifedls the pulfe 
of the other, the two founds are more uniformly fpread : 
but where they coincide, or almoft coincide, the con- 
denfation of one undulation combines wuth that of the 
other, and there comes on the ear a fironger condenfa- 
tion, and a louder found. This may be called a 7ioife ; 
and the equable and frequent recurrence of this noife 
fhould produce a mufical note. If, for infiance, c and 
a are founded together : There is this noife at every 
third pulfe of c, and every fifth pulfe of a ; that is, 80 
times in a fecond. This Ihould produce a note which 
is a 12th below' c, and a 17th major below a ; that is, 
the double o£lave belovvy, which makes 320 vibrations 
in a fecond. That is to fay, along with the two notes 
c and a of the concord, and the compound found, 
which we call the concord of the Vlth, we (hould hear 
a third note FF in the bafs. Now this is know'll to be 
a fatl, and it is the grave harmonic obferved by Romieu 
and Tartini about the year 1754, and verified by all 
muficians fince that time. Tartini prized this obferva- 
tion as a moil important difeovery, and confidered it as 
affording a foundation for the whole fcience of mufic. 
We fee that it is all included in the theory of beats 
publifhed five years before, namely, in 1749 ; and every 
one of thefe grave harmonics, or Tartinian founds, as 
they have been called, are immediate confequences of 
this theory. The fyllem of harmonious compofition 
which Tartini has, with wonderful labour and addrefs, 
founded on it, has therefore no folidity. It is, however, 
preferable to Rameau’s, becaufe it proceeds on a fadt 
founded on the nature of mufical founds; whereas Ra- 
meau’s is a mere whim, proceeding on a falfe aflump- 
tion ; namely, “ that a mufical found is effentially ac- 
companied by its odtave, 1 2th, and 17th in alto”— 
This is not true, though fuch accompanymeut be very 
frequent, and it be very difficult to prevent it. Mr Ra- 
meau ought to have feen this. Are thefe acute har- 
monics mufical founds or not ? He furely will not de- 
ny this. Therefore they, too, are efientially accompanied 
by their harmonics, and this abfolutely and neceflarily 
ad infinitum ; which is certainly abfurd. We fhall have 
a better occafion for confidering this point when we de- 
feribe the Trumpet Marigni in a future article. ^ 

We have taken notice of only two fyftems of tempe-Dr Smith’*; 
rament; both of them are fyltems of mean tones, andfyhem of 
are in good repute as pradlicable methods. It would 
be almoil an endlefs talk to mention all the fyftems ofNT> 
temperament which have been propofed. Dr Smith, 
after having, with great ingenuity, appreciated the 
changes of harmonioufnefs that are induced on the dif- 
ferent concords by the fame temperament, and having 
affigned that proportion of temperament which renders 
them equally harmonious, each in its kind, gives a fy- 
ftem of temperament, which he calls equal harmony. 
Each concord, (excepting the oftave) is tempered in 
the inverfe proportion of the produdl of the terms of its 
perfedl ratio. It is very nearly equivalent to a divi- 
fion of the o£tave into 50 equal parts. We do not give 
any farther account of it here, although we think its 
harmony preferable to any thing that we have ever heard. 
We heard it, as executed for him, and under his in- 
fpe&ion, by the celebrated harpfichord.maker Kirk- 
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Tefrpfra- rnaitn, both when the inftrument was yet in the hands 
ment of the maker, and afterwrards by the ingenious author. 

Malf°f We liave alfo heard {ome excellent muiicians declare, 
» t that the organ of Tiinity college chapel at Cambridge 

was greatly improved in its harmony by the change 
made on its temperament under the infpe&ion of Dr 
Smith. When we name Stanley, we prefume that the 
authority will not be difputed. _ We mention this, be- 
caufe the writer in the Philofophical Tranfa&ions fpeaks 
of'this fyftem, with flattened major thirds, as of no va- 
lue. But we do not give any farther account of it, 
becaufe it is not luited to our inftrumeuta, which have 
but twelve founds in the odtave. 

The reader will pleafe to recollect, that the great ob- 
jc& of temperament is twofold. Firft, to enaole us to 
tranfpofe mulic from one pitch to another, fo that vve 
may make any note of the organ the fundamental of 
the piece. This undoubtedly requires a fyftem approach- 
ing to one of mean tones, becaufe the harmony mult be 
the fame in every key. This requires temperament, be- 
caufe a found mult be occafionally confldered, either as 
the fharp of the note below it, or the flat of the one 
above. This cannot produce perfect harmony, becauie 
the limma of the perfect diatonic fcale is greater than a 
half tone. Thus a temperament is neceflary merely for 
the fake of the melody. But, fecondly, the nature of 
modern mufic requires evifry note to be accompanied, 
or confidered as accompanied, with full harmony. This 
is, in fa6t, the fame thing with modulating on every 
different note as a fundamental; but it requires a much 
clofer attention to the perfe&ion of the intervals, be- 
caufe a defeat or excels in an interval that, would fcarce- 
ly offend the ear, if the notes were heard in fucceflion, 
is quite intolerable when they are founded together. 
Here the difference between the major and minor tone 
is of almoft as great moment as the difference of the 
limma from a femitone. The fecond object, therefore, 
is to obtain, in the compafs of three ottaves, as many 
good concords of full harmony; that is, confiffing of a 
fundamental with its major third and its fifth, eredt or 
inverted, as poflible. There is no other harmony, al- 
though our notes have frequently a different fltuation 

85 and appearance. 
Maxims of ft is no wonder that, in a fubjedl where we are yet 
tempera- to feek for a principle, the attempts to attain this ob- 
uricnt verv • * ^ . * 
gratuitous. je<^ ^ave ^e€n verY various, and very gratuitous. The 

mathematicians, even in modern times, have allowed 
themfelves to be led away by fancies about the fimpli- 
city and confequent perfection of ratios ; and having no 
clear principle, it is no wonder that fome of their de- 
ductions are contrary to experience. According to Eu- 
ler, thoie ratios which are moft perfeCt, that is, moft 
Ample, admit of leaft temperament. The oCtave is 
therefore infinitely perfect; for it is allowed by all, that 
it mult not have the fmalleft temperament. A Vth 
mull be lefs tempered than a Hid. Even the practical 
mufician thinks that he has tempered thefe two con- 
cords equally, when the offenfive quality of each is 
made equally fo ; but in this cale it is demonftrable, 
that the Vth has been much more tempered than the 
Hid. But this could not be difcovered till we got the 
theory of beats. 

Moll of the mathematical muficians adhered to fy- 
flems of mean tonts; or, which are equivalent, to fuch 
fyllems, giving fimilar harmonies on every key of the 

harpfichord. This is furely the moft natural, and is Tempenu 
peculiarly fuggefled by the tranfpofing of mufic frommer,t °f 
one pitch to another; but they differ exceedingly, and 
without giving any convincing arguments, in their efli- 
mation of the effeCls of the fame temperament on dif- 
ferent concords. Much of this, we apprehend, arifes 
from difpofition. Perfons of a gay difpofition relifn the 
harmony of the I lid, and prefer a fharp to a flat tem- 
perament of this concord. Perfons of a more pehfive 
difppfition, prefer fuch temperaments as allow the mi- 
nor thirds to be more perfed. 87 

But there are many, eminent both as performers and E(lUal har* > 
as theorifls, who rejeCt any fyllem which gives the fame^^V6' ' 
harmonies on every note of the oCtave. They obferve, 
that in the progrefs of the cultivation of mufic in Eu- 
rope, the melodies of all nations have gradually ap- 
proached to a certain uniformity. Certain cadences, 
clofes, lira ins, and phrafes, are becoming every day 
more common ; and even in the condud of a confider- 
able piece of mufic, and the gradual but flow paffage of 
the modulation from one key into another, there is a 
certain regularity. Nay, they add, that this cannot be 
greatly deviated from without becoming very offenfive. 
We may remain ignorant of the caufe of this uniformi- 
ty ; but its exiflence feems to prove that it arifes from 
fome natural principle; and therefore it ought to be 
complied with, and our temperaments fhould be accom- 
modated to it. The reiult of this uniformity in the 
mufic of our times is, that the modulation on fome keys 
is much lefs frequent than on others, and this frequen- 
cy decreafes in a certain order. Suppofing that we be- 
gin on C. A piece of plain mufic feldom goes farther 
than G and b. A little more fancy and refinement leads 
the compofer into D, or into B&, &c. &c. It would 
therefore be defirable to adjuft our temperaments fo, 
that the harmonies in C fhall be the bell poffible, and 
gradually lefs ptrfed in the order of modulation. Thus 
we fhall, in our general practice, have finer harmony 
than if it were made equal throughout the o&ave ; be- 
caufe the unavoidable imperfedlions are thrown into the 
leafl frequented places of the fcale. The pra&ical mu- 
ficians add to this, that by fuch a temperament the dif- 
ferent keys acquire charaders, which fit each of them 
more particularly’ for the exprefiion of different fenti- 
ments, and for exciting different emotions. This is 
very perceptible in our harpfichords as they are gene- 
rally tuned. The major key of A is remarkably bril- 
liant ; that of b is as remarkably fimple, &c. 

We cannot fay that we are altogether convinced by 
theie arguments. i lie violin is unqueilionably the in- 
flrument of the greatefl powers. A concert of inflru- 
metits of this kind, unembarrafied by the harpfichord, 
or any inflruments incapable of occafional temperament, 
is the finefl mulic we have. The performers make no 
fuch degradations of harmony, but keep it as perfect as 
poflible throughout ; and a violin performer is fenllble 
of violence and conflraint when he accompanies a keyed- 
inllrument into thefe unfrequented paths. Let him 
play the lame nuiiic alone, and he will play it quite 
differently, and much more to his own fatisfadion. W^e 
imagine, too, that much of the uniformity fpoken of is 
the refult of imitation and fafhion, and even of the tem- 
peraments that we have preferred. There is an evident 
diftindlion in the native mufic of different nations. An 
experienced mufician will know, from a few bars, whe- 

ther 
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tJier an air is Irifli, Scotch, or PoliHi. This diftinAion 
is in the modulation ; which, in thofe nations, tollows 
different courfes, and ihould therefore, on the lame 
principle, lead to different temperaments. 

With refpect to the variety of charatters given to the 
different keys, we mult acknowledge the lad. We 
have tuned a piano forte in the ufual manner ; but 111- 
ftead of beginning the procefs with C, we began it with 
D. An excellent performer of voluntaries fat down to 
the mftrument, and began to indulge his rich fancy ; 
but he was confounded at every ftep : he thought the 
inftvument quite out of tune. But when he was in- 
formed how it had been tuned, and then tried a known 
plain air on it, he declared it to be perfe&ly i0 tune. 
It is Hill very doubtful, however, whether we Ihould 
not have much finer mufic, by equaling the harmony 
in the different keys, and trufting for the different ex- 
prefficn fo much fpoken of to a judicious mixtuie of 
other notes called dtfeords. . 

After all, the great uncertainty about the mott pro- 
■ per temperament has remained fo long undetermined, 

becaufe we had no method of executing with certainty 
any temperament that was offered to the public. hat 

s fiunifies it on what principle it may be proper to flat- 
ten a Vth one-fifth of a comma, and fharpen a V 1th 
one-feventh of a comma, unlefs we are able to do both 
the one and the other ? Till Dr Smith publifhed the 
theory of beats, the monochord was the only affiitance 
we had: but however nicely it may be divided, it is 
fcarcely poffible to make the moveable bridge fo Heady 
and fo accurate in its motion, that it will not fenfibly 
derange the tenfion of the firing. We have feen lome 
very nice and cofily monochords ; but not one of them 
could be depended on to one-eighth of a comma. Even 
if perfect, they gave but momentary founds by pinch- 
ing. The bow cannot be trufted, becaufe its preffure 
changes the tenfion. Mr Watt’s experiments with his 
monochord of continued found (hewed this evidently. 
A pitch-pipe with a Hiding pifton pro miles the greateft 
accuracy ; but we are fadly dilappointed, becaufe the 
graduation of the pifton cannot be performed by any 
mathematical rule. It muft be puftied more than half 
way down to produce the o&ave, more than one-thud 
to produce the Vth, &c. and this without any rule yet 
difeovered. Thanks to Dr Smith we can now produce 
an inftrurnent tuned exaCtly, according to any propofed 
fyftem, and then fubmit' it to the fair examination of 
muficians. Even the fpecuktift may now form a pretty 
■tuft opinion of the merits of a fyftem, by calculating, 
or meafunng by fuch feales as we have propofed, the 
beats produced by the tempered concords m all parts of 
the octave. No one .who has liftened with attention to 
the rattling beats of a full organ, with its twelfth and 
fefquialter flops all founding, will deny that they aie 
hoftile to all harmony or good mulic. We cannot be 
much miftaken in preferring any temperament in pro- 
portion as it diminifhes the number of thofe beats. We 
(hould therefore examine them on this principle alone ; 
attending more particularly to the beats of the third 
major, becaufe thefe are in fad the loudelt and moft 
difagreeable : and we muft not content ourfelves with 
the beats of each concord with the fundamental of the 
full harmony, whether K—III V, or K 4 VI, or 
K 5 V} or K—4—6, which fometimes occurs. 
We muft attend equally to the beats of the two notes 
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of accompanyment with each other : thefe are generally 
the moft faulty. 

This examination is neither difficult nor tedious. 
1. Write down, in one column, the lengths of the firings . 
or divifions of the monochord ; in another write their 
logarithms; in a third the remainders, after fubtradling 
each from the logarithm of the fundamental. 3. Have 
at hand a fimilar table for the perfedl diatonic feale. 
4. Compare thefe, one by one, and note the difference, 
4. or —, in a 4th column. Thefe are the tempera- 
ments of each note of the feale. 5. Compare every 
couple of notes which will compofe a major or minor 
third, or a fifth, by fubtradling the logarithm of the 
one note from that of the other. The differences are 
the intervals tempered. 6. Compare thefe with the 
perfect intervals of the diatonic fcale, and note the dif- 
ferences, -j- or —, and fet them down in a fifth co- 
lumn. Thefe are all the temperaments in the fyftem. 
7. If we have ufed logarithms confiding of five decimal 
places, which is even more than fulficient, confide! thefc 
numeral temperaments as the q ot the formula given in 
nvfij. for calculating the beats, and then is alw'ays 
— 540. Or we may make another column, in which 
the temperaments arc reduced to fome eafy frablion of 
a comma. 90 

We (hall content ourfelves with giving one example ;SyPem of 
the temperament propofed by Mr Young in the Philo-Dr \oung. 
fophical Tranfadlious for 1800. It is contained in the 
following table : 

I. 

c 
c$ 
D 
Eb 

E 
F 
F* 
G 

A 
ID 
B 
C 

2. 

Icocoo 

3- 

5.QOCOO 

947231 4-97645 
&93°4 4-95c87 
b3»io' 4-92330 
79752 4.90174 

4.87461 
4.85i5i 
4.82492 
4.80036 
4.77580 
4.74921 
4.72610 
4.69897 

74921 
71041 
66822 
6314S 
59676 
56131 
5 3 22 4 

■50000 

2355 
4913 
7670 
9826 

12539 
X 4 849 
17508 
19964 
22420 
25O79 
2 7 39° 
30103 

11 Ids upward on 
C 
G. F. 
D. Bb 

A. Eb 

E. Ab 

B. C& 
F* 

i35] 
190 
2 45 
346 

448 
494 
54°j 

3ds upward on 
A. E 
1). B. 
G. F& 
C. C« 
F. G* 
B’° Eb 

291 
346 
448 
494| 
54oJ 

!* £ 

Vths upward on 
Eb. G$.C$.F$ pcrfedl 
F. Bb. E. B 46 
C. G. D. A 116 

Interval of a comma 
minor third 
major third . . 
fifth . . . • 

! 
Flat. 

54° 
79l8 

9691 
17609 

The firft column of the above table contains the or- 
dinary defignations of the notes. T. he fecond contains 
the correfpondmg lengths of the monochord, i he thud 
contains the logarithms of column fecond. The fourth 
contains the difference of each logarithm from the firft. 
The next column contains, firft, the temperaments of all 
the major thirds, having for their lowed note the found 

correfponding to the letter. Thus 494, or of a 
comma. 
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Tempera- comma, is the temperament of the Hid, B — and 

ment of the Secondly, it contains all the minor thirds 

MuHc formed on the notes reprefented by the letters. The 
•Templars, column below contains the temperaments of the Vths. 

N. B. Thefe temperaments are calculated by the au- 
thor. We have found fome of them a little different. 
Thus we make the temperament of C — G only 108. 
Below this we have fet down the meafures of the per- 
fect intervals, which are to be compared with the diffe- 
rences of the logarithms in column third. 

We prefume not to decide on the merits of this tem- 
perament : Only we think that the temperaments of 
feveral thirds, which occur very frequently, are much 
too great ; and many inflances of the 6th, which is fre- 
quent in the flat key, are ftill more llrongly tempered. 
A temperament, however, which very nearly coincides 
with Dr Young’s, has great reputation on the conti- 
nent. This is the temperament by Mr Kirnbergher, 
publifhed at Berlin in >77r, in his book called Die 
Kunjl des reinen Sat%es in der Muftk, The eminent ma- 
thematician Major Templehoff has made fome impor- 
tant obfervations on this temperament, and on the fub- 
je£t in general, in an effay publifhed in 177^, Berlin. 
Dr Young’s is certainly preferable. 

The monochord is thus divided by Kirnbergher : 

91 
Syftem of 
Kirnber- 
gher. 

Bb = 5625 

c 5000 

C = 1,0000 F = 7500 
C$: 9492 F$ 7111 
t> 8889 G 6667 
Eb 8437 G$ 6328 
E 8000 A 5963 

We conclude this article (perhaps too long) by ear- 
neflly recommending to perfons who are not mathema- 
tically difpofed, the Aiding fcales, either circular or rec- 
tilineal, Containing the odtave divided into 301 parts ; 
and a drawing of fig. 2. on card paper, of proper fize, 
having the quarter comma about two inches, and a fe- 
ries of fcales correfponding to it. This will fave al- 
mofl the whole of the calculation that is required for 
calculating the beats, and for examining temperaments 
by this tell. To readers of more information, we ear- 
neflly recommend a careful perufal of Smith’s Harmo- 
nics, fecond edition. We acknowledge a great partia- 
lity for this work, having got more information from 
it than from all our patient ftudy of the mofl celebrated 
writings of Ptolemy, Huyghens, Euler, See. It is our 
duty alfo to fay, that we have got more information 
concerning the mulic of the Greeks from Dr Wallis’s 
appendix to his edition of Porphyrius’s Commentary 
on Ptolemy’s Harmonics, than from any other work. 

TEMPLARS. In the account of this order, which 
is publilhed in the Encyclopedia, we have, with many 
others, fuppofed that the guilt of which they were ac- 
cufed at the fuppreffion of the order was Ids enormous 
than their enemies alleged. For the honour of human 
nature, we are ftill unwilling to believe that this was 
not the cafe. Juftice, however, compels us to admit, 
that the Abbe Barruel has brought together fuch a 
cloud of witnefles againft the Templars, that we know 
not how to refill their evidence ; and that he has com- 
pletely proved that Philip le Bel was not influenced by 
avarice when he fupprefied that order in France. “ It 
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has been faid that he and .Clement V. had concerted Tempi 
between them the diflblution of the Templars. The ‘■“'v- 
falfity of fuch an affertion is evident on the infpe&ion 
of their letters. Clement V. at firft will give no cre- 
dit to the accufations againft the Templars ; and even 
when he receives inconteftable proofs from Philip le Bel 
he had ftill fo little concerted the plan with that Prince, 
that every ftep taken by the one or the other occafions 
difputes on the rights of the church or of the throne. 

“ It was alfo laid, that the king wifhed to feize on 
the great riches of thefe knights : but at the very com- 
mencement of his proceedings againll the order, he fo- 
lemnly renounced all lhare in their riches; and perhaps 
no prince in Chriftendom was truer to his engagement. 
Not a Angle eftate was annexed to his domain ; and all 
hiftory bears teftimony to the fad. 

“We next hear of a fpirit of revenge which adua- 
ted this prince ; and during the whole courfe of this 
long trial, we do not hear of a Angle perfonal offence 
that he had to revenge on the Templars. In their de- 
fence, not the moll dillant hint, either at the revenge- 
ful fpirit, or at any perfonal offence againft the king, is 
given ; fo far from it, until the period of this great ca- 
taftrophe, the grand mailer of the order had been a par- 
ticular friend of the king’s, who had made him godfa- 
ther to one of his children. 

“ ln fine, the rack and torture is fupppfed to have 
forced confeflions from them which otherwife they ne- 
ver would have made : and in the minutes, we find the 
avowal of at leaft 200 knights all made with the great- 
eft freedom, and without any coercion. Compullion is 
mentioned but in the cafe of one perfon ; and he makes 
exactly the fame avowal as 12 other knights, his com- 
panions, freely made (a). Many of thefe avowals were 
made in councils where the bifhops begin by declaring, 
that all who had confeffed through fear of the torture 
fhould be looked upon as innocent, and that no Kniobt 
Templar fhould be fubje&ed to it (b). The Pope Cle- 
ment \ . was fo far from favouring the king’s profecu- 
tions, that he began by declaring them all to be void 
and null. He fufpended the archbilhops, bifliops, and 
prelates, who had adled as inquifitors in France. The 
king accnfes the Pope in vain of favouring the Tem- 
plars ; and Clement is only convinced after having been 
prelent at the interrogatories of 72 knights at Poiftiers, 
in prefence of many bifhops, cardinals, and legates. He 
interrogated them, not like a judge who fought for cri- 
minals, but like one who wilhed to find innocent men, 
and thus exculpate himfelf from the charge of having- 
favoured them. He hears them repeat the fame avowal^ 
and they are freely confirmed. He defired that thefe 
avowals Ihould be read to them after an interval of fome 
days, to fee if they would ftill freely perfevere in their 
depolitions. Fie hears them all confirmed, ^uiper- 

fever antes in^ tills, eas exprejje et fponie prout reciiata fue- 
rant approbdrunl. He wilhed ftill further to interro- 
gate the grand mafter and the principal fuperiors, pree- 
ceptores majores, of the divers provinces of France, Nor- 
mandy, Poitou, and of the Tranfmarine countries. He 
lent the moll venerable perfons to interrogate thofe of 
the fuperiors, whole age or infirmities hindered them 

—    from 
(a) Layette, No. 20. Interrog. made at Caen. 
(b) See the Council of Ravenna. Rubeus Hijl. Raven, lib. vi. 
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■feropUf*- from appearing before him. Pie ordered the depofi- 
  tions of their brethren to be read to them, to know if 

they acknowledged the truth of them. Pie required no 
other oath from them than to anfwer freely and without 
compulfion ; and both the grand matter and the fupe- 
riots of thefe divers provinces, depole and confefs the 
fame things, confirm them fome days after, and approve 
of the minutes of their depofitions taken down bjT pub- 
lic notaries. Nothing Ids than Inch precautions could 
convince him of his error: it was then only that he re- 
voked his menaces and his fufpenfion ot the Prench bi- 
fhops, and that he allows the king to proceed in the 
trials of the Templars. 

“ Let fuch pretexts be forgotten, and let us only 
dwell on the avowals which truth alone forced from 
thefe criminal knights. ^ # / 

“ Their depofitions declare, that the Ivnights d em- 
plars, on their reception, denied Chntt, trampled on 
the crofs, and fpit upon it ; that Lood Piidat was a 
day which was particularly conlecrated to iucli outra- 
ges ; that they promiled to proftitute themlelves to 
each other for the mott unnatural crimes \ ttiat every 
child begotten by a Templar was call into the lire; 
that they bound themlelves by oath to obey, without 
exception, every order coming from the grand matter ; 
to fpare neither facred nor prophane ; to look upon 
every thing as lawful when the good of the order was 
in quellion ; and, above all, never to violate the honible 
fecrets of their nodlurnal mytteries, under pain of the 
mott terrible chaftifements (c). 

“ In making their depolitions, many of them decla- 
red they had only been forced into thefe horrors by im- 
prifonment and the moft cruel ulage ; that they wilhed, 
after the example of many of their brethren, to pais in- 
to other orders, but that they did not dare, fearing the 

* power and vengeance of their order ; that they had 
fecretly confeffed their crimes, and had craved ablolu- 
tion. In this public declaration, they tettilied, by their 
tears, the mott ardent delire of being reconciled to the 
church. 

“ All repeat the fame depofition, except three, who 
declare they have no knowledge of the crimes imputed 
to their order. The Pope, not content with this in- 
formation taken by men of religious orders and by 
French noblemen, requires that a new trial Ihould take 
place in Poitou before cardinals and others whom he 
himfelf nominates : Again, with the fame freedom, and 
for the third time, the grand matter and other chiefs, 
in prefence of Clement V. repeat their depofitions. Mo- 
lay even requefted, that one of the lay brothers, who 
was about his perfon, fhould be heard, and this brother 
confirms the declaration. During many years thefe in- 
formations were continued and renewed at Paris, in- 
Champagne, in Normandy, in Quercy, in Languedoc, 
in Provence. In France alone, above 200 avowals of 
the fame nature are to be found : nor did they vary in 
England, where, at the fynod of London held in 1311, 
78 Englifh knights were heard and two whole months 
were fpent io taking informations and in verifying their 
declarations. Fifty-four Irifh were alfo heard, and ma- 

Suppl. Vol. II. Part II. 

ny Scotch, in their refpedtive countries. It was in con- 
fequence of thefe declarations that the order of the 
Templars was abolifhed in thofe kingdoms, and that the 
parliament difpofed of their goods (d). Tl he fame de- 
clarations were taken and proved in Italy, at Ravenna, 
at Bologna, at Pifa, and at Florence, though in all theie 
councils the prelates were very ready to ablolve all thofe 
knights who could lucceed in their juttifications. 

“ I would willingly affert (continues the Abbe), that 
it was the fmaller part of the Templars who fullered 
themfelves to be carried away by fuch abominations. 
Some even at Paris were declared innocent. In Italy 
a ftill greater number were abfolved ; of all thole who 
were judged tit the councils ot Mayence and Salamanca, 
none were condemned : and hence we may conclude, 
that of the 9 00 houfes belonging to the order, many 
had not been tainted, and that whole provinces were to 
be excepted from the general ttain of infamy- But the 
condemnations, the juridical depofitions, the method of 
initiating the knights, almolt became general; the fe- 
crecy of their receptions, where neither prince, nor 
king, nor any perfon whatever, could be prefect during 
the latt half century, are fo many teilimonies which cor- 
roborate the divers acculatious contained in the articles 
fent to the judges ; that is to fay, that at Icatt two- 
thirds of the order knew of the abominations praClifed 
without taking any fteps to extirpate them. Quod om- 
nes, vel quuji duct partes ordinis Jcittiles didos err ores cor- 
rigere ncglexerint. 

“ This certainly cannot mean that two thirds of the? 
knights had equally partaken of thefe abominations. It 
is evident, on the contrary, that many detetted them as 
foon as they were acquainted with them ; and that 
others only fubmitted to them, though initiated, after 
the harfheft treatment and mott terrible tnreats. Nc- 
verthelefs, this proves, that the greatett part of thefe 
knights were criminal, fome through corruption, Others 
through weaknefs or connivance ; and hence the diltu- 
lution of the order became necefiary.” 

TEMPLEMAN (Peter) M. D. the fon of an e- 
minent attorney at Dorchefter in the county or Dorfet, 
by Mary daughter of Robert Haymes, was horn March 
17, 1711, and was educated at the Charter-houfe (not 
on the foundation), whence he proceeded to Irinity- 
coliege, Cambridge, and there took his degree of B. A. 
with dittinguilhed reputation. During his refidence at 
Cambridge, by his own inclination, in conformity with 
that of his parents, he applied himfelt to the lludy of 
divinity, with a defign to enter into holy orders ; but 
after fome time, from what caufe we know riot, he al- 
tered his plan, and applied himfelf to the itudy of phyfic. 
In the year 1736, he went to Leyden, where he at- 
tended the ledfures of Boerhaave, and the profeflbrs of 
the other branches of medicine in that celebrated uni- 
verfity, for the fpace of two years or more. About 
the beginning of 1739* he returned to London, with a 
view to enter on the pradlice of his profefiion, fuppovt- 
ed by a handfome allowance from his father. Why he 
did not fucceed in that line was eafy to be accounted 
for by thofe who knew him. He was a man ot a very 
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liberal turn mind, of general erudition 
acquaintance among the learned of different profeffions, 
but of an indolent, ina&ive difpofition ; he could not 
enter into juntos with people that were not to his liking; 
nor cultivate the acquaintance to be met with at tea- 
tables ; but rather chofe to employ his time at home in 
the perufal of an ingenious author, or to fpend an attic 
evening in a feleil company of men of fenfe and learn- 
ing. In this he refembled Dr Armilrong, whofe li- 
mited pradlice in his profeflxon was owing to the fame 
caufe. In the latter end of the year 1750 he was in- 
troduced to Dr Fothergill by Dr Cuming, with a view 
of inllituting a Medical Society, in order to procure 
the earlieft intelligence of every improvement in phyfic 
from every part of Europe. At the fame period he 
tells his friend, “Dr Mead has very generoufly offered 
to affiit me with all his intereft for lucceeding Dr Hall 
at the Charter houfe, whofe death has been for fome 
time expedled. Infpired with gratitude, I have ven- 
tured out of my element (as you will plainly perceive), 
and fent him an ode.” Dr Templeman’s epitaph on 
Lady Lucy Meyrick (the only Engli/h copy of verfes 
of his writing that we know of), is printed in the 
eighth volume of the “ Selefl Collection of Mifcellany 
Poems, 1781.” In 1753 he publifhed the firfl volume 
of “ Curious Remarks and Obfervations in Phyfic, A- 
natomy, Chirurgery, Chemiftry, Botany, and Medicine ; 
extracted from the Hiftory and Memoirs of the Royal 
Academy of Sciences at Paris and the fecond volume 
in the fueceeding year. A third was promifed, but 
we believe never printed. It appears, indeed, that if he 
had met with proper encouragement from the public, 
it was his intention to have extended the work to twelve 
volumes, with an additional one of index, and that he 
was prepared to puhlifh two fuch volumes every year. 
His tranflation of “ Norden’s Travels” appeared in the 
beginning of the year 17 57 ; and in that year he was 
editor of “ Sele6t Cafes and Confultations in Phyfic, 
by Dr Woodward,” 8vo. On the eftablifhment of the 
Britifh Muleum, in 1753, ^,e was appointed to the of- 
fice of keeper of the reading-room, which he reJigned 
on being chofen, in 176c, fecretary to the then newly 
inflituted Society of Arts, Manufaftures, and Com- 
merce. In 1762, he was elefted a correfponding mem- 
ber of the Royal Academy of Science of Paris, and alio 
of the (Economical Society at Berne. Very early in 
life Dr Templeman was afflifted with fevere pavoxyfms 
of an afthma, which eluded the force of all that either 
his own fkdl, or that of the mod eminent phyficians 
then living, could fugged to him ; and it continued to 
harufs him till his death, which happened September 
23, 1769. He was efteemed a man of great learning, 
particularly with ref'petb to languages ; fpoke French 
with great fluency, and left the character of a humane, 
generous, and polite member of fociety. 

TERANE', a town in Egypt, fituated on what Mr 
Browne calls the left of the mod wedern mouth of the 
Nile, at a very frnall didance from the river. Its lati- 
tude is 30° 24'. The buildings are chiefly unburned 
brick, though there are alfo fome of done. The town 
and didridt, containing feveral villages, belonged, be- 
fore the Trench invafion, to Murad Bey, who ufually 
entruded its government, and the colleflion of its 
revenue, to one of his Cafhefs. That revenue arifes 
principally from natron (See. Natrum, Encycl.), found 
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with a large in great quantities in certain lakes about thirty five 

miles from Terane ; and it is on account of thefe 
lakes only that the town is worthy of notice in this , 
work ; for though there are many columns in its neigh- 
bourhood, which indicate the fite of ancient ftruthires, 
none of them have inferiptions afeertaining their anti- 
quity. 

The eadern extremity of the mod wedern lake Mr 
Browne found to be 30° 31' North. No vegetation 
appears, except reeds, on the margin of the lake, which 
is very irregular in its form ; io that it is not eafy to 
fay what may be the quantity of ground covered with 
water. It is higher in winter than in fummer ; and 
when it was vifited by our author its breadth did not 
exceed a mile, though its length was nearly four. To- 
wards the end of the fummer, it is faid thefe lakes are 
almod dry ; and the fpace that the water has retired 
from is then occupied by a thick depofltion of fait. 
Not far removed from the eadern extremity, a fpring 
rifes with fome force, which much agitates the red of 
the water. Clofe to that fpring the depth was far greater 
than Mr Browne’s height ; in other parts it was obfer- 
vable that it did not generally exceed three feet. The 
thermometer near this fpring dood at 76, while in the 
open air it was 87. The rtiore wedern lake differs not 
materially from the eadern in flze, form, or produ&ions. 
The colour of the water in both is an imperfett red ; 
and where the bottom is vifible, it appears almod as if 
covered with blood. Salt, to the thicknefs of five or fix 
inches, lies condantly in the more fhallow parts. The fur- 
face of the earth, near the lake, partakes more or lefs ge- 
nerally of the chara&er of natron, and, in the parts far- 
thed removed, offers to the foot the flight refidance of 
ploughed ground after a flight frod. The foil is coarfe 
fand. The water of the lake, on the flighted evapo- 
ration, immediately depofits fait. There is a mountain 
not far from the lakes, where natron is found in infu- 
lated bodies, near the furface, of a much lighter colour 
than that produced in the lake, and containing a greater 
portion of alkali. How thick the fubdance of natron, 
commonly is in the lake, our author did not accurately 
determine ; but thofe employed to colled! it report, that 
it never exceeds a cubit, or common pike ; but it ap- 
pears to be regenerated as it is carried away. If ever it 
fhould be brought to fuperfede the ufe of barilla, the 
quantity obtainable feems likely to anfwer every poffible 
demand. 

TEREBRATUL2E (Anomije, Lin. fee that ar- 
ticle Encycl.) have been fuppofed not to exid now but 
as petrified fhclls. This, however, is a midake. The 
anomia is an inhabitant of every region, and has exid- 
ed in every age. As many terebratulas were caught 
by Peroufe’s people during his voyage of difeovery, and 
as Lamanon the naturalid thought they fhould be con- 
fidered as a genus by themfelves, he has given us the 
following defeription of the anomiay or, as he calls it, 
terelratuldy on the coad of Tartary ; 

I he length of the fhell varies from fix to twenty 
lines, and its breadth from five to eighteen ; there are, 
however, confiderable varieties of proportion between 
different individuals, befides thofe arifing from the dif- 
ferent ages of the animal. It would be improper, 
therefore, to didinguifh the various fpecies of anomiae 
by the proportion of their fhells. The waving lines 
on the edges of the fhell are equally defedlive, as di- 

ftindlive 

Terane, 
Terebra- 

tulae. 



I 









TER [ 675 1 TER 
Terebra- ftin&ive chara<5lers ; for our author obferved in the fame 
tube. fpecies the fliell approaching or receding indifferently 

—"v 1 from the circular form, and, in fome, the edges of the 
valves are on the fame plane ; whereas in others, one of 
the valves forms a falient angle in the middle of its 
curve, and the other a re-entering angle. 

The fhe!l is of a moderate thicknefs, about that of a 
common mufcle ; it is fomewhat tranfparent, convex 
like the cockle: neither of the fhells is more fenfibly 
arched than the other ; that, however, which has the 
fpur, is rather the moft fo, efpecially in the fuperior 
part. 

On the furface of the fhell are feen a number of fi ight 
tranfverfe deprefiions, of a femicircular waved form, 
which reach the part where the {hell ceafes to be circu- 
lar, in order to form the angle which fupports the 
fummit. 

Thefe ftrisc are covered with a very thin and (lightly- 
adhering perjofteum ; in fome fpecimens there are from 
one to three (hallow broad depreflions, radiating infen- 
fibly from the centre of the (hell, and becoming more 
marked as they approach the edges, where they form, 
with the correfponding parts of the other (hell, thofe 
falient and re-entering angles which have been mention- 
ed. The periofteum is rather more (irmly fixed on the 
latter angles than on the former. 

The (hells are equal in the rounded part of their 
edge, and clofe very exadfly ; however, towards the 
fummit, the fpur of one of the (hells reaches confider- 
ably beyond the other (bell, confequently they are un- 
equal, as in oyfters. 

The fpur, or fummit, is formed by the folding from 
within of the edge of the (hell, and ihe elongation of 
its upper part. The folded edges form an oval aper- 
ture of a moderate fize, through which the animal ex- 
tends the mufcle, by means of which it attaches itfelf 
to other fubftances. This (hell is not, therefore, per- 
forated, as its name of terebratula would feem to imply, 
the opening not being worked in one of the (hells, but 
formed by the elongation of one (hell, the folding in of 
its edges, and the approach of the other (hell. The 
fummit is not pointed, but round. 

The ligament, as in the oylter, is placed between the 
fummits, and does not appear on the outlide ; it adapts 
itfelf to the pedicle of the animal. As the fummit 
takes up a confiderable part of the (hell, the valves are 
only capable of opening a very little w ithout running 
the rifle of being broken. It is very firm, though (len- 
der, and not' eafily to be difeovered, being fixed in a 
fmall groove, which is filled up when the fhell is (hut 
by the correfponding part of the oppofite (hell. This 
ligament preferves its texture, even for a confiderable 
time after the (hell is emptied and become dry. 

Oyfters are without a hinge, the teeth which form 
it in many other (hells not exifting in them. The ano- 
mia has been conftdered as an oyiter, becaufe its hinge 
or teeth have not been examined : they are not vifible 
indeed in the foflil fpecimens ; but in opening them 
when alive, the teeth compofing the hinge are fuffi- 
ciently vifible, being even much larger than in the 
greater part of bivalve (hells. The foffil terebratula: 
arealmoft always found with their (hells clofed ; where- 
as the other bivalves have ufually theirs either open or 
feparated : the reafon of this feems to arife from the 
nature of the hinge, that of the aaomia not allowing it 

to feparate, and the ligament, which is very tight, con- 
tributing to keep the two (hells united. The teeth 
which form the hinge of the anomia approach very near 
to thofe of ihz fpondyle, deferibed by M. Adanfon. In 
this lad they are formed by two rounded proje&ions, 
and in the anomia by the fame a little elongated. It 
is above thefe teeth that the ligament is placed in the 
larger (hell : there are between it and the teeth two ca- 
vities, one on each fide, which ferve to receive the teeth 
of the other valve. The teeth of the larger fliell have, 
befides, a (light projedtion, which fits into a longitudi- 
nal furrow in the other (hell in front of the teeth. 

The fubftance which covers the infide of the (hell 
holds, as in oyfters, a middle place between nacre and 
the interior fubftance of (hells, which are deftitute of it. 
The degree of its luftre, polifti, and thicknefs, varies 
with the age and circumftances of individuals. 

The colour of the teeth is always white ; that of the 
outer furface of the (hell verges more or lefs to the 
ochry red, efpecially on the border. The infide has alfo 
a very (light tint of this colour, on a varying greyifti- 
white ground. 

There is vifible on each fide of the (hell the impref- 
fion of two very dittindf tendons ; a circumftance which 
forms a very eflential difference between this genus and 
that of the oyfter : this latter having only one tendon 
arifing from the middle of the body. The imprefiions 
of the tendon in the larged (hell are oblong, fituate 
near the fummit, and hollowed ; each of them has cur- 
ved tranfverfe ridges, divided into two parts by a lon- 
gitudinal furrow, reprefenting the wings of certain in- 
fedls. In the other valve the infertiona have a different 
form ; their (ituation is the fame, but they are very ir- 
regularly rounded and encompaffed by two fulcations, 
which are feparated from each other by an intervening 
ridge, and then are continued in a right line towards 
the opening of the (hell as far as about two thirds of 
its length. That part of the fummit of the (hell along 
which the pedicle of the animal paffes, is longitudinally 
ftriated in the larger (hell, of which the middle ftria is 
the deepeft : the longitudinal ftria: are divided into equal 
parts by a tranlverfe deprefiion. There are no fimilar 
marks on the other (hell. 

Our author dilfetted the animal itfelf, and found what 
he calls the manteau of the anomia, formed of a very fine 
membrane, lining the infide of both (hells, and contain- 
ing the body of the animal. Its origin is of the fame 
breadth as the hinge of the (hell, whence it divides into 
two lobes, lining both the (hells: it forms, therefore, 
only a (ingle aperture, terminating at each end of the 
hinge, and of the lame breadth with the interior furface 
of the (hell: it appears to have only one trachea, which 
is formed by the two lobes of the manteau. 

Our naturalift having opened the fhell, divided the 
ligament as delicately as poffible, unfixed the hinge, 
and detaching from the larger (hell the lobe of the man. 
teau, turned over the body of the animal. This ope- 
ration expofed to view the large mufcles which adhered 
to the (hell ; they are foft, membranous, and, as it were, 
flefiiy on the infide, being covered with fmall fanguife- 
rous glands. From the lower part of each mufcle there 
proceeds a pretty ftrong tendon, which reaches to the 
extremity of the manteau ; they run parallel to the edge 
of the (hell, and at a confiderable diftunee from each 
other; and are each enelofed in a fort of flatted fac, of 
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Terebra- the fhape of a ribbon, which is filled with a red vileid 

iulas, matter. It appears that the place of infertion of the 
mufcles, as well as the mufcles themfelves, which ex- 
tend along the lob of the manteau, furnifh real blood, 
which is contained in three fmall fiefhy red glandular 
bodies of unequal fize, which are vifible after having 
taken off the mufcles; perhaps thele conftitute the 
heart of the animal. 

The mufcles which are inferted into the other fhell 
are alfo divided into feveral parts; fome.are feen ex- 
tending along the correfponding lobe of the manteau ; 
many others rife up in a kind of tuft, which is fixed 
into the fhell above : fome again fubdivide into fuch 
minute ramifications as not to allow of tracing their 
eourfe, even with the afiiftance of a microfcope ; but 
others, more apparent, contribute to the formation of 
the pedicle which pafies through the opening left be- 
tween the two fhells, is connected to each of them by 
feveral fibres, and fixes itfelf to fome external body, 
principally to other bivalves. The mufcles of the ano- 
mia have therefore three attachments, namely, to the 
inner furface of each fhell, and to fome external body. 

The form of the pedicle is cylindrical, being enclofed 
in a mufcular fubftance, which contains feveral fibres ; 
it is from a line to a line and a half long, and two 
thirds in diameter. It adheres fo forcibly to different 
fubflances, as that the animal, and all the mufcles which 
contribute to the formation of the pedicle, may more 
eafily be torn through than the pedicle detached from 
the place of its adhefion. The gluntinous fubftance 
which connects them to each other, refifts even the heat 
of boiling water. It is by means of this pedicle that 
the animal raifes its fhell fo as to be, while in the water, 
in a pofition inclined to the horizon. The fmallcft 
valve is always the loweft, being that upon which the 
animal refts; the fuperior one being the larger, and 
ferving as a covering. Our author thinks the animal 
has the power of loco-motion. 

After raifing the lobe of the manteau he obferved 
the ears. They are large, compol’ed of two membra- 
naceous laminae on each fide, of which the fuperior is 
the narrower. Thefe laminae arc conneffed to each 
other by a thin membrane, fo as to form only a fingle 
pouch. They have on their edges long fringes, which 
hang loofe upon the manteau ; but a very remarkable 
circumftance is, that their ears are fupported by little 
bones like thofe of fifii. The form of'the ears is that 
of an arch ; they are feparated from each other on their 
lower part, w'here the fringes are the longefl; fo that 
the two ears on one fide are perfectly diftinft from thofe 
on the other fide. The commencement of the ears is 
at the teeth of the hinge. 

Between the ears are fituate che flomach, oefophagus, 
and mouth ; the whole forming a triangle, of wdiich the 
mouth is the bafe. It is placed at the fide of the hinge, 
and confifts of a large tranfverfe opening without lips 
or jaw-bone. The cefophagus is very fhort, but is ca- 
pable of elongation when the animal opens its mouth. 
The ftomach, which is of the fiiape of a pointed fac, 
is connefted by a membrane to the bones of the ear. 
On opening the ftomach, he found a fmall fhrimp half 
digefted. 

At the bottom of the ftomach is feen the inteftine, 
of which it is, as it were, a continuation. It is ex- 
tremely ftiort, not exceeding half a line in a fnell fifteen 
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lines acrofs, and is compofed of a very (lender mem- 
brane. The excrements are difeharged upon the lobes 
of the manteau, but they are eafily thrown out by the 
motions of the two lobes. 

The little bones of the ears, already mentioned, had 
not formerly been obferved in any of the teftaceous ani- 
mals ; whence the terebratulae approach nearer to fifh 
than the inhabitants of any other (hell. In the anomix 
which are preferved in cabinets, there is found only a 
very fmall portion of thefe bones, whence they have 
obtained the improper appellations of tongue or fork, 
which indicate only the form of the fragments, and not 
their ufe. 

The fmall bones of the ears are compofed of feveral 
pieces, the principal of which is of an oval form ; it 
fprings from the fide of the hinge, of which it appears 
to be a continuation ; thence it extends about two-thirds 
of the breadth of the (hell, where it is reflected, and 
refts againft the upper part of the fork, to the branches 
of which it is united by a fimple fuperpofition ; a kind 
of articulation very common among the numerous fmall 
bones that coropofe the heads of fiib. The fork ex- 
tends from the fummit a little more than one-third of 
the breadth of the (hell: it is formed by a pivot which 
divides into two long and pointed branches ; thefe are 
remarkably brittle, and fupport the extremities of the 
bones of the larger ears. The lamina, which compofes 
a fecond fet of ears, refts upon a curved bone, which on 
one fide is attached to the inferior internal part of the 
bone of the larger ears, and on the other reaches to the 
fide of the mouth of the animal, where it is united to an- 
other flat little bone, which is applied to a fimilar bone 
on the other fide, ^hefe laft little bones are exactly below 
the membrane which forms the mouth. All thefe bones 
are flat, very brittle, and furrounded w ith fibres and mem- 
branes. By their articulations the ears are enabled to 
move ; they alfo fupport the body of the animal, which 
touches neither of the (hells, but remains between them 
as upon treffels. The fpace between the branches of the 
bones of the ears is filled up with a tranfparent firm 
membrane ; at the bafe of the fork is a fimilar one, and a 
perpendicular partition dividingthe fpace occupiedby the 
body of the animal from the reft of the fhell. There are 
two orifices in this membrane communicating with the 
fpace between the two lobes of the manteau, and which 
ferves as a trachea; for we have remarked, in the de- 
feription of the manteau, that the two lobes are entire- 
ly feparated from each other, and therefore do not form 
a real trachea. 

From this defeription, it follows that the anomia. 
ought to be feparated from the genus oyfter, fince it 
has a toothed hinge, feveral ligaments, and an interior 
organization wholly different ; neither ought it to be 
confounded with the cockle, the fhells of which are 
both equal, and are deftitute of any feniible perioiteum, 
without reckoning other differences. It has dill lefs 
analogy with the other bivalves, and therefore ought 
to conftitute a peculiar genus; the fpecies of which, both 
fofiil and living, are very numerous. 

See Plate XL.III. where fig. 1. is a front view of a 
terebratula of middle fize. Fig. 2. is a viewr of the in- 
ternal ftrufture.—A A, laminx of the fuperior ears—• 
BB, laminx of the inferior—C, the ftomach—D, the 
anus — E E, the manteau—F, the cefophagus. 

TERNAI, the name given by Peroufe to a very 
fine 

Terehra- 
tulae, 

Ternai. 
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Tcrnai. fine bay which he difcovered on the coaft ot Fartary, 
in Lat. 450 13' North, and in Long. 135° 9' Eatt from 
Paris. The bottom is Tandy, and diminifhes gradually 
to fix fathoms within a cable’s length of the fhore. 
The tide rifes five feet ; it is high water at 8h 15'11 at 
full and change ; and the flux and reflux do not alter 
the direction of the current at half a league from the 
fhore. 

“ Five fmall creeks (fays La Peroufe), fimilar to 
the Tides of a regular polygon, form the outline of this 
road (lead ; thefe are feparated from each other by hills, 
which are covered to the fummit with trees. Never 
did France, in the frefhefl fpring, offer gradations of 
colour of fo varied and ftrong a green ; and though we 
had not feen, fince we began to run along the coaft, 
either a Angle fire or canoe, we could not imagine that 
a country fo near to China, and which appeared fo fer- 
tile, fhould be entirely uninhabited. Before our boats 
had landed, our glades were turned towards the fhore, 
but we faw only bears and flags, which parted very 
quietly along the fea fide. The fame plants which 
grow hi our climates carpeted the whole foil, but they 
were ftronger, and of a deeper grten ; the greater part 
were in flower. Rofes, red and yellow lilies, lilies of 
the valley, and all our meadow flowers in general, were 
met with at every flep. Pine trees covered the tops of 
the mountains ; oaks began only half way down, and 
diminifhed in ftrength and fize in proportion as they 
came nearer the fea; the banks of the rivers and rivu- 
lets were bordered with willow, birch, and maple trees, 
and on the fkirts of the forefts we faw apple and medlar 
trees in flower, with clumps of hazle nut trees, the fruit 
of which already made its appearance. Our furprife 
was redoubled, when we refle&ed on the population 
wdiich overburdens the extenlive empire of China, fo 
that the laws do not punifh fathers barbarous enough 
to drown and deftroy their children, and that this 
people, whofe polity is fo highly boarted of, dares not 
extend itfelf beyond its wall, to draw its fubfiflence 
from a land, the vegetation of which it would be ne- 
ceflary rather to check than to encourage. At every 
flep after we had landed, we perceived traces of men 
by the deftru&ion they had made ; feveral trees, cut 
with (harp-edged inftruments ; the remains of ravages 
bv fire were to be feen in feveral places, and we obfer- 
ved fome fiieds, which had been erected by hunters in 
a corner of the woods. We alfo found fome fmall 
bafkets, made of the bark of birch trees, fewed with 
thread, and fimilar to thofe of the Canadian Indians ; 
rackets for walking on the fnow ; in a word, every 
thing induced us to think that the Tartars approach 
the borders of the fea in the feafon for hunting and fifin- 
iug ; that they suTemble in colonies at that period along 
the rivers ; and that the bulk of the nation live in the 
interior of the country on a foil perhaps better calcu- 
lated for the multiplication of their immenfe flocks and 
herds.” 

Our navigators caught in the bay vaft quantities of 
fine fifh, fuch as cod, harp-fifh, trout, falmon, herrings, 
and plaice ; but though game was plenty on fhore, 
they had no fnccefs in hunting. The meadows, fo de- 
lightful to the fight, could fcarce be crofled ; the thick 
grafs was three or four feet high, fo that they found 
themfelves in a manner buried in it, and they were un- 
der the perpetual dread of being bitten by ferpents, of 
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which they faw a great number on the banks of the ri- Terrc- 
vulets. They found, however, imtnenfe quantities of F^in* 
fmall onions, forrel, and celery ; which, together with 'i'hei3e(|t 
the frefh fifh, ferved as antidotes againfl the feurvy.   ^ 

TERRE-Plein, or Terre-plain, in fortification, 
the top, platform, or horizontal furface ot the rampart, 
upon which the cannon are placed, and where the de- 
fenders perform their office. Jt is fo called becaufe it 
lies level, having only a little flope outwardly to cdun- 
teract the recoil of the camion. Its breadth is from 24 
to 30 feet ; being terminated by the parapet on the 
outer fide, and inwardly by the inner talus. 

TERRELL A, or little earth, is a magnet turned 
of a fpherical figure, and placed fo as that its poles, 
equator, &c. do exactly correfpond with tliofe of the 
world. It was fo firft called by Gilbert, as being a 
juft reprefentation of the great magnetic globe we in- 
habit. Such a terrella, it was fuppofed, if nicely poi- 
fed, and hung in a meridian like a globe, would be turn- 
ed round like the earth in 24 hours by the magnetic 
particles pervaiding it ; but experience has fhewn that 
this is a miftake. 

TETRAEDRON, or Tetrahedron, in geome- 
try, is one of the five Platonic or regular bodies or fo- 
lids, comprehended under four equilateral and equal 
triangles. Or it is a triangular pyramid of four equal 
and equilateral faces. 

TETRAGON, in geometry, a quadrangle, or a 
figure having four angles. Such as a fquare, a paralle- 
logram, a •hombus, and a trapezium. It fometimes al- 
fo means peculiarly a fquare. 

Tetragon, in aftrology, denotes an afpedl of two 
planets with regard to the earth, when they are dirtant 
from each other a fourth part of a circle, or 90 degrees. 
The tetragon is exprefled by the charadfer □, and is 
otherwife called a fquare or quartile afpeef. 

TPIEBES, in Egypt. Having in the Encyclopedia 
given Mr Bruce’s account of this ancient city, which 
reprefents it as having been a paltry place, fo contrary 
to the defeription of Homer, juflibe to the father of 
poetry requires that we here notice what lias been faid 
of it by a fubfequent traveller, who remained three days 
among its ruins. According to Mr Browne, “ the 
mafly and magnificent forms of the ruins that remain of 
ancient Thebes, the capital of Egypt, the city of Jove, 
the city with 100 gatrs, muft infpire every intelligent 
fpedtator with awe and admiration. Uiffufed on both 
Tides of the Nile, their extent confirms the claffical ob- 
fervations, and Homer’s animated defeription rufhes in- 
to the memory : 

‘ Egyptian Thebes, in wliofe palaces vafl wealth is 
ftored ; from each of whofe hundred gates iflue two hun- 
dred warriors, with their horfes and chariots.’ 

“ Thefe venerable ruins, probably the mofl ancient 
in the world, extend for about three leagues in length 
along the Nile. Eaft and welt they reach to the moun- 
tains, a breadth of about two leagues and a half. The 
river is here about three hundred yards broad. The 
circumference of the ancient city mull therefore have 
been about twenty-feven miles. 

“ In failing up the Nile, the firfl village you come 
to within the precindls is Kourna, on the wefl, where 
there arc few houfes, the people living moftly in the ca- 
verns. Next is Abuhadjadj, a village, and Karnac, a 
fmall diftrift, both on the eaft. Far the largefl portion 
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Th'^'r’ ^00c^ on eaftern ri*ver. v^i. . co^ onus the fouth-weft Medinet-Abu marks the extremity of 
the ruins ; for Arment, which is about two leagues to 
the fouth, cannot be confidered as a part. 

“ In defcribing the ruins, we Ihall begin with the 
moil confxderable, which are on the eaft of the Nile, 
The chief is the Great Temple, an oblong fquare build- 
ing of vaft extent, with a double colonnade, one at each 
extremity. The mafly columns and walls are covered 
with hieroglyphics; a labour truly ftupendous. ]. The 
Great Temple Hands in the diftridl called Karnac. 2. 
Next in importance is the temple at Abuhadjadj. 3. Nu- 
merous ruins, avenues marked with remains of fphinxes, 
&c. On the welt fide of the Nile appear, 1. Two co- 
loffal figures, apparently of a man and woman, formed 
of a calcareous Hone like the reH of the ruins. 2. Re- 
mains of a large temple, with caverns excavated in the 
rock. 3. The magnificent edifice flyled the palace of 
Memnon. Some of the columns are about forty feet 
high, and about nine and a half in diameter. The co- 
lumns, and walls are covered with hieroglyphics. This 
Hands at Kourna. 4. Behind the palace is the paflage 
ilyled Bib an-el- Moluk, leading up the mountain. At 
the extremity of this paflage, in the fides of the rock, 
are the celebrated caverns known as the fepulchres of 
the ancient kings.” 

Though Mr Browne agrees with Pococke and Bruce, 
that the paflage in Homer refers not to the gates of 
the city, he is yet of opinion, contrary to them, that 
Thebes had been a walled town. He fays, indeed, that 
fome faint remains of its furrounding wall are vifible at 
this day ; and he thinks that he difcovered the ruins of 
three of its gates, though he does not affirm this with 
abfolute confidence. 

THEODOSIUS, a celebrated mathematician, flou- 

&ic Lia r^ec* ‘n ^ times of Cicero and Pompey ; but the '6S' ' time and place of his death are unknown. This Theo- 
dofius the Tripolite, as mentioned by Suidas, is pro- 
bably the fame with Theodofius, the philofopher of By- 
thinia, who, Strabo fays, excelled in the mathematical 
iciences, as alio his fons ; for the fame perion might 
have travelled from the one of thofe places to the other, 
and fpent part of his life in each of them ; like as Hip- 
parchus was called by Strabo the Bythiuian, but by 
Ptolemy and others the Rhodian- 

Theodofms chiefly cultivated that part of geometry 
which relates to the do&rine of the fphere, concerning 
which he publiflied three books. The lirH of theie 
contains 22 propofitions ; the fecond, 23 ; and the third, 
14; all demonflrated in the pure geometrical manner 
of the ancients. Ptolemy made great ufe of thefe pro- 
pofitions, as well as all fucceeding writers. Thefe books 
were tranllated by the Arabians, out of the original 
Greek, into their own language. From the Arabic the 
work was again tranflated into Latin, and printed at 
Venice. But the Arabic verfion being very defe&ive, 
a more complete edition was publiffied, in Greek and 
Latin, at Paris 1558, by John Pena, Regius Profeffor 
of aHronomy. And Vitello acquired reputation by 
tranflating Theodofius into Latin. This author’s works 
were alfo commented on and illuflrated by Clavius, He- 
leganius, and Guarinus, and laflly by De Chales, in his 
Curnis Mathematicus. But that edition of Theodo- 
fius’s Spherics, which is now molt in ufe, was tranflated 
and publiflied by our countryman the learned Dr Bar- 
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On row, in the year 1675, illuflrated and demoflrated in 

a new and concife method. By this author’s account, 
Theodofius appears, not only to be a great mailer in 
this more difficult part of geometry, but the firfl con* < 
fiderabie author of antiquity who has written on that 
fubje<5t. 

Theodofius, too, wrote concerning the Celeflial 
Houfes ; alfo of Days and Nights ; copies of which, in 
Greek, were in the King’s library at Paris. Of which 
there was a Latin edition, publiflied by Peter Dafypo- 
dy, in the year 1572. 

THEON, of Alexandria, a celebrated Greek philo- 
fopher and mathematician, who fiourilhed in the 4th 
century, about the year 380, in the time of Theodofius 
the Great; but the time and manner of his death are 
unknown. His genius and difpofition for the fludy of 
philofophy were very early improved by clofe application 
to all its branches ; fo that he acquired fuch a proficiency 
in the fcience as to render his name venerable in hif- 
tory, and to procure him the honour of being prefi- 
dent of the famous Alexandrian fchool. One of his 
pupils was the admirable Hypatia, his daughter, who 
fucceeded him in the prefidency of the fchool; a trufl 
which, like himfelf, flie difcharged with the greateft 
honour and ufefulnefs. See her life, Encycl. 

The fludy of Nature led Theon to many juft concep- 
tions concerning God, and to many ufeful reflections in 
the fcience of moral philofcphy. Hence, it is faid, he 
wrote with great accuracy on Divine Providence. And 
he feems to have made it his Handing rule, to judge 
the truth of certain principles, or fentiments, from their 
natural or neceflary tendency. Thus, he fays, that a 
full perfualion that the Deity fees every thing we do, 
is the ftrongeft incentive to virtue ; for he infifts, that 
the moft profligate have power to refrain their hands, 
and hold their tongues, when they think they are ob- 
ferved, or overheard, by fome perfon whom they fear or 
refpeft. With how much more reafon then, fays he, 
fliould the apprehenfion and belief, that God fees all 
things, reftrain men from fin, and conftantly excite them 
to their duty ? He alio reprefents this belief concern- 
ing the Deity as produ&ive of the greateft pleafure 
imaginable, efpecially to the virtuous, who might de- 
pend with greater confidence on the favour and protec- 
tion of Providence. For this reafon, he recommends 
nothing fo much as meditation on the prefence of God : 
and he recommended it to the civil magiftrate as a re- 
ftraint on fuch as were profane and wicked, to have the 
following infcription written, in large chara&ers, at the 
corner of every flreet—God sees thee, O Sinner. 

Theon wrote notes and commentaries on fome of the 
ancient mathematicians. He compofed alfo a book, in- 
titled Progymnafmata, a rhetorical w'ork, written with 
great judgment and elegance ; in which he criticifed on 
the writings of fome illuftrious orators and hiftorians ; 
pointing out, with great propriety and judgment, their 
beauties and imperfedtions; and laying down proper 
rules for propriety of ftyle. He recommends concife- 
nefs of exprelfion, and perfpicuityq as the principal or- 
naments. 1 his book was printed at Bafle in the year 
134^ > but the beft edition is that of Leyden, in 1626, 
in 8vo. 

THEOPHILANTHROPISTS, a feft of deifts, 
who, in September 1796, publifhed at Paris a fort of 
catechiim or diredlory for focial worfhip, under the 

title 

Theon, 
Thcophi- 
lanthro- 

piits. 
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title of Manuel des Theanthrophiles. This religious bre- 
viary found favour ; the congregation became nume- found favour 
rous 'T and in the fecond edition of their manuel they 
affumed the lefs harfh denomination of Theophilanthro- 
pes, i.e. lovers of God and man. A book of hymns, a 
liturgy for every decade of the French year, and an ho- 
milttical feleftion of moral leffons, are announced, or 
publdhed, by their unknown fynod. Thus they poi- 
iefs a fyllem of pious fervices adapted to all occalions, 
which feme one of the individuals who attend reads a- 
loud ; for they objedi to the employment of a regular 
letturer, in confequence of their hotlility to prieifs.— 
This novel fedt was countenanced by Lareveillere I.e- 
paux, one of the Diredtory, and, foon after its forma- 
tion, opened temples of its own in Dijon, and in other 
provincial towns. They had declamations, in the fpi- 
rit of 1'ermons, which abounded with fuch phrafes as 
l'eternal geometre, and the like, and which have long 
fince been familiar to thofe who frequent the lodges of 
free mafonry. Whether the fedf now exifts, or fell at 
the lalt revolution which annihilated the diredtory, we 
have not learned ; but a tranflation of its Manuel into 
Englilh, for the ufe, we fuppofe, of our Jacobins, was 
made fo early as the year 1797. From this contemp- 
tible performance, we learn that the creed of the Theo- 
philanthropills is comprifed in the four following pro- 
pofitions: 

The Theophilanthropifts believe in the exillence of 
God, and the immortality of the foul. 

Tlie fpedfacle of the univerfe attells the exiftence of 
the Firft Being. 

The faculty which we pofiefs of thinking, allures us 
that we have, within ourfelves, a principle which is fu- 
perior to matter, and which furvives the didblution of 
the body. 

The exiftence of God, and the immortality of the 
foul, do not need long demonftrations ; they are fenti- 
mental truths, which every one may find written in his 
heart, if he confult it with fmcerity. 

Thus a fort of religious inftindt is fet up as the foie 
foundation of piety, which every one has as much right 
to difavow as another to affert; and the obligations of 
which, therefore, can in no way be ftiewn to be incum- 
bent on thofe to whom this novel illumination is not 
vouehfafed. Society, under fuch a iyftem, gains no 
means of influencing thecondudf of refradlory members. 

The morality of the Theophilanthropifts is founded 
on one fingle precept : Worjhtp God, cherijh your kind, 
render yourfelves ufeful to your country ! 

Among the duties comprehended under the denomi- 
nation of cherifhing our kind, we find that of not lend- 
ing for ufury : the others are chiefly extracted from the 
gofpels, and do not interfere with the province of the 
civil magiftrate. The queftion of monogamy is not dif- 
cuffed. 

Among the duties to our country are placed thofe 
of fighting in its defence, and of paying the taxes. It 
was certainly prudent in the ftateiman to Aide thefe du- 
ties into the catalogue of his eftablifhed maxims of mo- 
rality ; and he ran thereby little rifle of provoking here- 
tical animadverfions on his creed in France. 

The following inferiptions are ordered to be placed 
above the altars in the feveral temples or fynagogues of 
the Theophilanthropifts ; but for what reafon altars are 
admitted into fuch fynagogues we are not informed : 

pifts, 
Theophi- 

lus. - 
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Firjl infeription, “ We believe in the Exiftence of Thecpht 
God, in the immortality of the foul.” lanthro- 

Second infeription, “ Worfhip God, cherilh your 
kind, render yourfelves ufeful to the country.” 

Third infeription, “ Good is every thing which tends ^ 
to the prefervation or the perfedlion of man.—Evil is 
every thing which tends to deftroy or to deteriorate 
him.” 

Fourth infeription, “ Children, honour your fathers 
and mothers. Obey them with affeftion. Comfort 
their old age.— Fathers and mothers, inftrudl your chil- 
dren.” 

Fifth infeription, “ Wives, regard in your hufbands 
the chiefs of your houfes.— Hufbands, love your wives, 
and render yourfelves reciprocally happy.” 

This pentalogue is chiefly objeifionable on account 
of the vague drift of the fifth commandment: the whole 
has too general a turn for obvious practical application^ 
The introdudlion of ceremonies, of fculpture, of paint- 
ing, and of engraving, is forbidden. If poetry and mu- 
fic may concur to render the worftiip imprefiive, why 
not the other fine arts ? The fine arts have never illuf- 
trated a country which excluded them from the pub- 
lic temples. Are they to be extinguilhed in France by 
Theophilanthropic iconoclafts ? 

At p. 28. of the Manuel, this furprifing maxim oc- 
curs : Avoid innovations ! A feft fitteen months old 
grown as tefty as the church of Rome ! They ac- 
knowledge, that perhaps better inferiptions may be 
found ; yet they forbid the exchange. They prefer 
mumpfimus to the fumpfimus of genuine Chriftianity ! 

THEOPHILUS, a writer and bilhop of the primi- 
tive church, w^as educated a Heathen, and afterwards 
converted to Chriftianity. Some have imagined that 
he is the perfon to whom St Duke dedicates the A6Is 
of the Apottles : but they are grofsly miftaken ; for 
this Theophilus was fo far from being contempotary 
with St Luke and the apoftles,,tbat he was not ordain- 
ed bifliop of Antioch \.i\\ anno 170; and he governed 
this church twelve or thirteen years. He u’as a vige- B'og. Diff.. 
rous oppofer of certain heretics of his time, and com- 
pofed a great number of works ; all of which are loft, 
except three books to Autolycus, a learned Heathen of 
his acquaintance, who had undertaken to vindicate his 
own religion againft that of the Chriftians. The firft 
book is properly a difeourfe between him and Autoly- 
cus, in anfwer to what this Heathen had faid againft 
Chriftianity. The fecond is to convince him of the 
falfehood of his own, and the truth of the Chriftian re- 
ligion. In the third, alter having proved that the wri- 
tings of the Heathens are full of abfurdities and contra- 
didtions, he vindicates the dodjine and the lives of the 
Chriftians from thole falfe and fcandalous imputations 
which were then brought againft them. Laftly, at the 
end of his wmrk, he adds an hiftorical chronology from 
the beginning of the world to his own time, to prove 
that the hiitory of Mofes is at once the molt ancient; 
and the trueft ; and it appears from this little epitome, 
how well this author was acquainted with prolane hii- 
tory. Thefe three books are filled with a great varie- 
ty of curious difquifitions concerning the opinions of 
the poets and philofophers, and there are but few things 
in them relating immediately to the dodtrines of the 
Chriftian religion. Not that Theophilus was ignorant 
of thefe dodlrines, but, having compofed his works for. 

the 
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Th<*r5p*u tbs converfioo bf a Pa^an, he infifted rather on the ex- 

ta:- ternai evidence or proofs from without, as better adapt- 
ed, in his opinion, to the purpofe. His ftyle is elegant, 
and the turn of his thought? very agreeable ; and this 
little fpecimen is fuflicient to Ihew that he was indeed 
a very eloquent man. 

The piece is intitled, in the Greek manufcripts, 
“ The books of I’heophilus to Autolycus, concerning 
the Faith of the Chriltians, againll the malicious de- 
traftors of their religion.,, They were publifhed with 
a Tatin verfion, by Conradus Gefner, at Zurich, in 
1946. They were afterwards fubjoined to Judin Mar- 
tyr’s works, printed at Paris in 1615 and 1636 ; then 
publidied at Oxford, 1684, in i2mo, under the infpec- 
tion of Dr Fell ; and, ladly, by Jo. Chrift. Wolfius, at 
Hamburgh, 1721, in 8vo. 

It is remarkable, that this patriarch of Antioch was 
the firft who applied the term ‘Trinity to exprcls the 
Three Perfons in the Godhead. 

THERAPEUTIC, fo called from the extraordina- 
ry purity of their religious worlhip, were a Jewiih fetf, 
who, with a kind of religious phrenzy, placed their 
whole felicity in the contemplation of the Divine na- 
ture. Detaching tbemfelves wholly from fecular affairs, 
they transferred their property to their relations or 
friends, and withdrew into folitary places, where they 
devoted tbemfelves to a holy life. The principal fo- 
ciety of this kind was formed near Alexandria, where 
they lived, not far from each other, in feparate cotta- 
ges, each of which had its own facred apartment, to 
which the inhabitant retired for the purpofes of devo- 
tion. After their morning prayers, they fpent the day 
in ftudying the law and the prophets, endeavouring, by 
the help of the commentaries of their anceltors, to dif- 
cover fome allegorical meaning in every part. Befides 
this, they entertained themfeives with compoling facred 
hymns in various kinds of metre. Six days of the week 
were, in this manner, paffed in folitude. On the fe- 
venth day they met, clothed in a decent habit, in a 
public affembly ; where, taking their places according 
to their age, they fat, with the right hand between 
the bread and the chin, and the left at the lide. Then 
fome one of the elders, fttpping forth into the middle 
of the affembly, difeourfed, with a grave cwuntenance 
and a calm tone of voice, on the dottrines of the fa& ; 
the audience, in the mean time, remaining in perfect li- 
lence, and occafionally exprelliug their attention and ap- 
probation by a nod. The chapel where they met was 
divided into two apartments; one for the men, the 
other for the women. So ffrift a regard was paid to 
Jilence in thefe affemblies, that no one was permitted to 
whifper, or even to breathe aloud ; but when the dif- 
courfe was finilhtd, if the quell ion which had been pro- 
pofed for folution had been treated to the fatisfadh'on 
of the audience, they expreffed their approbation bv a 
murmur of applaufe. Then the fpeaker, riling, lung 
a hymn of praife to God, in the laff verfe of which the 
whole affembly joined. On great feftivals, the meeting 
was clofed with a vigil, in which facred muhe was per- 
formed, accompanied with folemn dancing : and thefe 
vigils were continued till morning, when the affembly, 
after a morning prayer, in which their faces were di- 
refted towards the riling fun, was broken up. So ab- 
ftemious were thefe afcetics, that they commonly ate 
nothing before the fetting fun, and often faffed two or 

three days. They abftained from wine, and their ordi- Tl-.ermh* 
nary food was bread and herbs. nittric. 

Much difpute has arifen among the learned concern- 
ing this fed!;. Some have imagined them to have been 
Judaizing Gentiles; but Philo fuppofes them to be 
Jews, by fpeaking of them as a branch of the feft of 
Effents, and exprefsly claffes them among the followers 
of Mofes. Others have maintained, that the Therapeu- 
tae were an Alexandrian fedt of Jewifh converts to the 
Chrillian faith, who devoted themfeives to a monatlic 
life. But this is impollible ; for Philo, who wrote be- 
fore Chriffianity appeared in Egypt, 1'peaks of this as 
an eftahlifhed left. From comparing Philo’s account 
of this feft with the date of philofophy in the country 
where it flourifhed, we conclude that the Therapeutce 
were a body of Jewifh fanatics, who fuffered themlelves 
to be drawn alide from the fimplicity of their ancient 
religion by the example of the Egyptians and Pytha- 
goreans. How long this feft continued is uncertain ; 
but it is not improbable that, after the appearance of 
Chriftianity in Egypt, it foon became extinft. 

1 HERMOME 1 RIC spectrum, is a name given 
to the fpace in which a thermometer may be placed, fo 
that it lhall be affefted by the fun’s rays refrafted by a 
prifm. It is, in part, the fame with the Prismatic 
Spectrum, which exhibits the different colours produ- 
ced by the folar light. 

The philofophical inftrument now called a thermome- 
ter, was tirft named thermo scope ; and was prized by 
the naturalift, becaufe it gave him indications of the 
prefence and agency of fire in many cafes where our 
fenfation of warmth or heat was unable to difeover it. 
It^ was not long before it was obferved that it alfo 
affords us meafures of the changes which take place 
either in the quantity or the aftivity of the caufe of 
heat, and of many other important phenomena ui'ually 
accompanied by heat They were then called thermo- 
meters. But in both of thefe offices, it is ffill a doubt 
whether it indicates and meafures any real fubilance, 
a being/in' generis, to which we may give the nameJiret 
phlogijion, caloric, heat, or any other; or only indicates 
and meafures certain ftates or conditions, in which all 
bodies may be found, without the addition or abftrac- 
tion of any material fubftance. 

think that this queltion has a greater chance 
now of being decided than in any former time, in cen- 
fequence of a recent and very important difeovery made 
by that unwearied obferver of the works of God, the 
celebrated Dr Herfchel. Being greatly incommoded 
when looking at the fun, by the great heats produced 
in the eye-pieces of his telefcopes, he thought that the 
laws of refraftion enabled him to diminilh them by a 
proper conffruftion of his eye-pieces. He began his 
attempts like a philofopher, by examining the heat pro- 
duced in the various parts of the prifmatic fpeftrum. 
Comparing the gradation of heat with that of illumi- 
nation, he found that they did not, by any means, 
follow the fame law. The illumination increafed gra- 
dually from the violent end of the fpeftrum, where it 
was exceedingly faint, to the boundary of the green and 
yellow, where it was the moft remarkable; and after this 
it decreafed as the illuminated objeft approached the 
red extremity of the fpeftrum. But the calorific power 
of the refrafted light increafed all the way from the 
extreme violet to the extreme reds and its laft augmen- 
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« Tbeimo' tat!ons vtere confiderable, and therefore unlike the ufual 

metric, approaches of a quantity to its maximum tlate. This 
I 41—  made him think of placing the thermometer a little way 

beyond the extremity ot the viable fpectrum. i o his 
great aftonifhment, he found that the thermometer was 
more aftedfed there than in the hottell part of the «//«- 
minatsd fpedlrum. Expofing the thermometer at va- 
rious diftances beyond the extreme red, but in the plane 
of refraftion, he found that it was mult llrongiy af- 
fefted when placed beyond that extremity, about one- 
fifth of the whole length of the fpedrum ; from thence 
the calorific influence of the fun gradually dimmifhed, 
but was {till very confiderable, at a diftance from the ex- 
treme red equal to three-fifths of the length of the lu- 
minous fpedtrum. Thefe firil fuggelted modes of trial 
appeared to Dr Herfchel to be too rude to intitle him 
to fay that the warming influence did not extend Hill 
farther. Indeed the inilrument fcarcely performed the 
part of a thermometer, but merely that of an indicator 
of heat, or a thermofeope. 

Here is a very new, and wonderful, and important, 
piece of information. We apprehend that all the philo- 
fophers of Europe, as well as the unlearned of all na- 
tions, believe that the warming influence of the fun, and 
of other luminous bodies, is conjoined with their power 
of illumination. Molt of the philofophers admitted the 
emifiion of a matter called light, proje&ed from the Ihi- 
ning body, and moving with aitonifhing velocity, in 
thofe lines which the mathematicians called rays, be- 
caufe they diverged from the fhining point, as the radii 
or fpokes of a wheel diverge from the nave. This no- 
tion feems to be the Ample fuggeflion of Nature ; and 
it alfo feems to be the opinion entertained by Sir Ifaac 
Newton. His demonftration of the laws of reflection 
and refraction proceeds on this fuppofition alone, and 
the particles of light are held by him to be aftedted by 
accelerating and deflecting forces, in the fame way as 
a ftone thrown from the hand is affedted by gravity. 
Huyghens, indeed, Dr Hooke, and Euler, imagined 
that vifion and illumination were effeCted in the fame 
way that hearing, and refonance, and echo, are effect- 
ed—that there is no matter projefted from the fhining 
body ; but that we are furrounded by au elaflic fluid, 
which is thrown into vibrations by certain tremors of 
the vifible objeCt—and that thofe vibrations of this fluid 
affedt our eye in the fame way as the undulation of elaf- 
tic air, produced by the tremors of a firing or a bell, 
affeft our ear. According to thefe philofophers, a ray 
of vifion is merely the line which pafles through all 
thefe undulations at right angles. 

Thefe two opinions ftill divide the mathematical phi- 
lofophers of Europe ; but the majority, and particu- 
larly the mofl eminent for mathematical and mechanical 
fcience, are (with the exception of Huyghens and Eu- 
ler) on the fide of the vulgar. This opinion has been 
greatly flrengthened of late years by the difeoveries in 
chemiflry. The influence of light on the growth of 
plants, the total want of aromatic oils in fuch as grow 
in the dark, and their formation and appearance in the 
very fame plant, along with the green colour, as foon 
as the plant is placed in the light (even that of open day 
without funfhine, or in the light of a candle), is a ftrong 
indication of fome fubflance being obtained from the 
light, abforbed by the plant, and combined with its 
other ingredients. The fame conclufion is drawn from 
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the effe&s of the fun’s light on vegetable colours, on Thermo- 
the nitric and nitrous acids, on manganefe, on the calces , n e'JK- 
or oxides of metals, and numberlefs other inftances, 
which all concur in rendering it almofl unqueflionable 
that the fun’s rays, and thofe of other fhining bodies, 
may be, and daily are, combined with the other fub- 
flauces of which bodies are compofed, and may be again 
feparated from them. And, fliould any doubts remain, 
it would feem that the theory of combuftion, firil con- 
ceived and imperfectly publifhed by Dr Hooke in his 
Micrography, p. 103. and in his Lampas, p. 1. &c. a- 
dopted by Mayow (fee Hooke and Mayow in this 
Suppl.), forgotten, and lately revived and confirmed by 
Mr Lavoifitr, removes them entirely. In the beautiful 
and well-contrived experiments of the lafl gentleman, 
the light, accompanied by its heat, which had been ab- 
forbed in the procefs of growth or other natural ope- 
rations, re-appeared in their primitive form, and might 
again be abforbed and made to undergo the fame round 
of changes. 

Scheele, not inferior to Newton in caution, patience, 
and accuracy, and attentive to every thing that oc- 
curred in his experiments, difeovered the feparability of 
the illuminating and the warming influences of fhining 
bodies. He remarked, that a plate of glafs, the mofl 
colourlefs and pellucid that can be procured, when fud- 
denly interpofed between a glowing fire and the face, 
inflantly cuts off the warming power ot the fire, with- 
out caufing any fenfible diminution of its brilliancy. 
He followed this difeovery into many obvious confe- 
quences, and found them all fully confirmed by obfer- 
vation and experiment. The writer of this article, im- 
mediately on hearing of Scheele’s experiments, repeated 
them with complete fuccefs: but he found, that when 
the glafs plate had acquired the highcfl temperature 
which it could acquire in that fituation, it did not any 
longer intercept the heat, or at leall in a very fmall and 
almofl infenfible degree. It feemed to abforb the heat, 
till faturated, without abforbing any confiderr.ble por- 
tion of the light. 

This feparability of heat from light does not feem to 
have met with the attention it deferved. Dr Scheele’s 
untenable theories on thefe fubjedls turned away the 
attention of tie chemifts from this difeovery, and the 
mathematical philoiophers feem not to have heard of it 
at all. The late Dr Hutton of Edinburgh was more 
fenlible of its importance ; and in his lafl endeavours to 
fupport the falling caufe of phlogifton, makes frequent 
allulions to it. But in his attempts to explain the curi- 
ous obfervations of Meffrs Saufiure and Pidet, in which 
there are unqueflionable appearances of radiated heat, 
he reafons fo unconfequentially, that few readers pro- 
ceed farther, fo as to notice feveral obfervations of fads 
where the illuminating and warming influences are plain- 
ly feparated. In all thefe inftances, however, Dr Hut- 
ton confiders the invifible rays as light, but not as heat; 
maintaining that they are invifible, or do not render 
bodies vifible, only becaufe our eyes are infenfible to 
their feeble adion. 

It was referved for Dr Herfchel to put this matter 
beyond difpute by thefe valuable experiments. For did 
the invifibility of arty of the light beyond the extreme 
red of the prifmatic fpedrum arife from the infenfibility 
of our organs, the fpedrum would gradually fade away 
beyond the red ; but it ceafes abruptly. Thefe thoughts 
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Thermo- could not efcape this attentive obferver, He theiefore 
metric. examined more particularly thofe invifiblj rays, cauiing 

- them t0 be refleaed by mirrors, and refrafted through 
lenfes ; and, in Ihort, he fubjeded them to all the fub- 

' fequent treatments which Newton applied to the colour- 
ing rays. He found them retain their fpecific refran- 
gibilities and reflexibilities with as much uniformity and 
obltinacy as Newton had obferved in the colour-making 
rays. They were made to pais through lenfes while 
the illuminating rays were intercepted by an opaque 
body, and the invifible rays were then colle&ed into a 
focus. They were refleAed, both by the anterior and 
pofterior furfaces of tranfparent bodies. In all thefe 
trials they retained their power of expanding the li- 
quor of a thermometer, and exciting the feniation of 
heat. 

Thefe trials were not confined to the folar light or 
the folar ravs : They wrere alfo made on the emanations 

' from a candle, from an open fire, and from red-hot 
iron ; then they were made with bodies not hot enough 
to fhine ; with the heat of a common itove, and the 
heat from iron which was not vifible in the dark. The 
event was the fame in all; and it was clearly proved 
that heat, or the caufe of heat, is as fufceptible of ra- 
diation as light is ; and that this radiation is performed 
in both according to the fame laws. 

We look with impatience for the fubfequent expe- 
riments of this celebrated philofopher on this fubjeA ; 

4 for we confider them as of the greateft and mofi: exten- 
five importance for explaining the operations of-Na- 
ture. We fee, with indifputable evidence, that there 
are rays from the fun, and other bodies, which do not 
illuminate. It does not follow, however, that there are 
rays which do not warm ; for the thermometer was af- 
feAed in every part of the coloured fpeArum. Dr 
Herfchel feems to think that the power of aflfeAing 
the organ of fight depends on the particular degrees of 
mechanical momentum which are indicated by the dif- 
ferent degrees of refrangibility. We confefs that we 
think it unlikely that fuch a power fliould terminate 
abruptly. We do not obferve this in analogous phe- 
nomena : the evanefcence of our fenfations of found, of 
mufical pitch, of heat, &c. are all gradual. We think 
it more likely that illuminating and warming are fpeci- 
fic effeAs of different things. We fhould have enter- 
tained this opinion independent of all other experience : 
and we think it Itrongly confirmed by the experiments 
of Dr Scheele already mentioned. We are difpofed 
therefore to believe that there are rays which illumi- 
nate, but which do not warm ; and rays which warm 
without illuminating. We have experiments in profpeA, 
by which we hope to put this to the teft. 

Thefe experiments of Dr Herfchel afford another 
good argument for the common opinion concerning 
light, namely, that it is a matter emitted from the Jhining 
body, and not merely the undulations of an eladic 
medium ; for if it were undulation, then, fince there is 
heat in the yellow light, it would follow that a certain 
frequency of undulation produces both the fenfation of 
heat and the fenfation of a yellow colour. In this cafe 
they fhould be infeparable. 

This follows, in the ftriAeft manner, from the prin- 
ciples or affumptions adopted by Euler in his mecha- 
nical theory of undulations. The chromatic differences 
in the rays of light are affirmed to arife entirely from 
the different frequencies of the sethereal undulations; 

2 ] THE 
and he endeavours to (hew that thefe differences in fre- 
quency produce a difference in refrangibility. It is 
evident that this reafoning is equally conchifive with 
refpeA to the calorific or heating power of the rays. 
The light and the heat are both undulations : thefe 
differ only in frequency ; and this frequency is indicated 
(according to Euler) by the refrangibility. There is 
a certain frequency therefore which excites the fenfa- 
tion of yellow. The fame frequency, indicated by the 
fame reirangibility, produces heat; therefore the fre- 
quency which produces this degree of heat alfo pro- 
duces the fenfation of yellow. We mull not fay that 
the momentum of the undulation may produce heat, 
but is infufficient for the produAion of light, as a firing 
may vibrate too feebly for being heard ; for we fee, by 
Dr Herfchel’s experiments, that, with a momentum 
fufficient for making the mofi brilliant fpeArum, there 
are rays (and thofe which have the greateil momentum) 
which produce heat, and yet are invifible. 

It does not follow, from any of Dr Herfchel’s expe- 
riments, that the rays emitted by iron, which is not hot 
enough to fhine in a dark room, have all the different 
degrees of refrangibility obferved by him. Perhaps 
none of them would fall on the chromatic fpeArum. 
We think, however, that this is not probable. It may 
be tried by colieAing them to a focus by a lenfe, in- 
tercepting, however, all thofe which are lefs refrangible 
than the red-making rays. We trull that the thermo- 
meter in the focus will Hill be affeAed. 

This is but a very imperfeA account of this import- 
ant difeovery : hut we thought that it would be highly 
interefling to our readers. The prefs was employed on 
this very flieet when we received the information from iSco* 
a friend, who had feen Dr Herfchel’s Differtation, 
which will appear in the firft volume publifhed by the 
Royal Society. We trufl that the ingenious author 
will foon follow it up with the invefligation of the fub- 
jeA in all its confequences. 

We hope that he will examine what will refult from 
mixing fome of the invifible rays with fome of the co- 
loured ones. We know that the yellow and the blue, 
when mixed, produce the fenfation of green. Perhaps the 
invifible rays may alfo change the appearance. We do 
not, however, expeA this. 

We alio hope that Dr Herfchel will examine whether 
the invifible rays of the fun produce any efleA on ve- 
getable colours ; whether they blacken the calces of fil- 
ver and bifmuth, luna cornea, and decompofe the nitrous 
and the oxygenated muriatic acid, &c. &c. We fhould 
thus get more iniight into the nature of caloric and of 
combuflion. Combuflion may perhaps be reftored to its 
rank in the phenomena of Nature, and no longer be funk 
in the general gulph of oxygenation, and thus obliterated 
from the memory of chemiils. It is perhaps the molt 
remarkable phenomenon of material Nature ; and fre 
and burning will never go out of the language of plain 
men. Fire, and all its concomitants, have, in all times, 
been confidered as even the chief objeAs of chemical at- 
tention ; and an unlearned perfon will (tare, when a cbe- 
mifl tells him that there is no fuch thing, and that what 
he calls the burning of a piece of coal is only the ma- 

. king it four. He will perhaps fmile ; but it will not be 
a fmile of aflent. 

It was one darling objeA of the Revolutionary Com. 
mittee of Chemifls, aflembled at Paris in 1787, to ba- 
niffi from our minds, by means vf a new language^ all 
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remembrance of any thing; which we did not derive 
from the philofopheis of France. We think ourfelves 
in a condition to prove this by letters to this Country 
from the fcene of action ; in which the expedcd victoiy 
is fpoken of in terms, of exultation, and with fo little 
reftraint, that the writer forgets that it is Dr. Black 
whom he is informing that Vair jixe and la pauvre phlo- 
SijUpie will fopn be forgotten ; and yet the writer was 
a o-etitleman of uncommon modefty and worth, and fin- 
cerely attached to Dr Black. We give this as a re- 
markable inllance of \ht efprlt dp corps, and of the 
nature and towering ambition ot that nation. From 
this they have not fvverved ; and they hope to gam this 
fummit of fcientific dominion in the fame way as toe 
fame philofophers hope to banilh Chriftianity by means 
of their new kalendar. It may, however, turn out that 
both Dr Hooke and Mr Lavoifer are mittaken, when 
they make the oxygen gas the foie fource of both the 
light and the best which accompany combuilion. One 
of them may perhaps be furnilhed by the body which 
all, except the new philofophers, call combullibie. 

The objections which may be made to the theory of 
Huyghens and Euler, on the acknowledged principles 
of mechanics, appear to us unanfwerable. Euler has 
never attempted to ar.fwer thole taken Irom the cir- 
ferent difperfing powers of different fubftances. I ue 
objections made to the Newtonian, or vulgar theory or 
emifiion, are not fuch as imply abfurdky ; they are only 
difficulties. The chief of them, the famenefs of 
velocity in all lights whatever, is of this kind. It is 
merely an improbability. But the objections to the 
theorv of undulation, deduced from the chemical effefts 
of light, are not lefs Itrong than thofe deduced from 
mechanical principles. It is quite inconceivable that 
the undulation of a medium, which pervades all bodies, 
ffiall produce aromatic oils in fome, a green iareuLt in 
others, ffiall change fulphuric acid into fulphur, &c. &c. 
No effe&s are produced by the undulations of air, or 
the tremors of elaftic bodies, which have the molt diitant 
analogy or refemblance to thefe. 

That the fun and other ffiining bodies emit the mat- 
ter of light and heat, feems therefore to merit the ge- 
neral reception which it meets with from the philo ci- 
phers. But even of this clafs there are differences in 
opinion. Some imagine that light only is emitted, and 
that the heat which we feel is occafioned by the action 
of the luminous rays on our atmofphere, or on t e 
ground. Were the fun’s calorific rays as denfe at the 
furface of the fun as his luminous rays are, the heat 
there muff exceed (fay they) all that we can form any 
conception of. Yet we fee, that when the nucleus of 
the fun is laid bare by fome natural operation, which, 
like a volcanic explofion, throws alide the luminous 
ocean which covers it to a prodigious depth, the na- 
ked parts of this nucleus are black. I herefore the m- 
tenfe heat in that place is not able to make it finning 
hot, as it does in all our experiments with intenfe heats, 
giving a dazzling glare. This is thought highly im- 
probable ; and it is therefore fuppofed that there is, 
primitively, no heat in the fun’s rays, but that they aft 
on our air, or other terreftrial matter, combining with 
it, and difengaging heat from it, or producing that par- 
ticular Hate and condition which we call heat. _ 

We think that Dr Herfchel’s difeovery militates 
ftrongly and irrefiitibly again ft this opinion ; and ffiews, 
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that whatever reafon we have for faying that the fun’s 
rays bring light from the fun, we have the fame autho- 
rity for faying, that they bring heat, lire, caloi i.c, pnlo- 
c-ifton, or by whatever other name we choole to diftin- 
guilh the caufe of warmth, expanfion, liquefaftion, ebul- 
lition, &c. 

We rrmft either fay that light and heat are not fuh- 
ftances of a peculiar kind, fufceptible of union with the 
other ingredients of bodies, but merely a ftate of un- 
dulation of an elaftic medium, as found is the tindula* 
tion of air; or we muft fay that the fun’s rays con- 
tain hght and heat, in a detached ftatc, tit tor appear- 
ing in their fimpleft form, producing illumination and 
expanfion, and for uniting chemically with other mat- 
ter. Whichever of thefe opinions we adopt, it is pret- 
ty clear that all attempts to difeover a difference in the 
weight of hot and cold bodies may be given over. In 
the fir ft cafe, it is felf-evident ; in the fecond, we have 
abundant evidence, that if light and heat, being gravi- 
tating matter, like all other bodies, were added to, or 
abftrafted from bodies, in fufficient quantity to be fen- 
fibly heavy, the rays of the fun, or even the light of a 
candle, would occafion inftant deftruftiun by its mere 
momentum; fince every particle of radiared light and 
heat moves at the rate of 00,000-miles in a fecond. 

This difeovery of Dr Hctfchd’s adds greatly to the 
probability of the opinion which we expreffed on ano- 
ther occafion, that the forces or powers of natural fub- 
ftances, which are the immediate caufej of the chemi- 
cal phenomena, are no way different from the mechani- 
cal forces which render bodies heavy, coherent, elaftic, 
expanfive, &c. ; in Ihort, that they are what we call accele* 
rating forces. We deduced this from the faft, that mecha- 
nical force can be oppofed to them, fo as to prevent their 
aftion in circumftances where it would otherwife cer- 
tainly take place. Thus by external preffure, we can 
prevent that union of water and caloric which would 
convert it into elaftic fteam. We can even difunite them 
again, when fteam is already produced, by forcibly con- 
denfing it into a fmaller fpace. Now', the refraftion 
and refleftion of heat are performed according to the 
fame precife law's which we obferve in the refraftion 
and refleftion of light; and Sir Ifaac Newton has de- 
monftrated that thofe phenomena arife from the aftion 
of accelerating forces, whofe direftion is perpendicular 
to the afting furfaces. The matter of heat, therefore, 
is like other matter in its mechanical properties ; and, 
in the motion of refraftion, it is afted on and deflefted, 
juft as a projeftile is afted on and deflefted by gravity. 
It continues in motion till its velocity and direftion are 
changed by deflefting forces, exerted by the particles 
of the tranfparent medium or the reflefting furface. It 
would take up too much room, but it is a very eafy 
procefs, to demonftrate that this regular refraftion of 
heat is altogether incdmpatible with the ufually luppo- 
fed notion of caloric; namely, that it is an expanfive 
fluid like air, but incomparably more elaftic : from which 
property very plaufible explanations have been given of 
the elafticity of gafes, fleams, and fuch like fluids. E- 
very intelligent mechanician will be fenfible, that all 
this fort of chemical fcience falls to the ground, when 
it is proved, by exhibition of the faft, that radiated 
heat is refrafted in the fame way with radiated light. 
We muft look for the explanation of the immenfe ex- 
plofive force of fulminating fflver, gold, &c. in fome 
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Thermo- very different principles from thole which are now in 
metric. VORUe> We apprehend, too, that the very phenome- 

v~ ' non of this refraction gives indication of forces v/hich 
are fnfficiently powerful for this explanation : For when 
we refleCt on the aftonifhing velocity of the ray of heat; 
on the minute fpace along which it is deflected, and 
eonfequently the time of this aCtion, minute beyond all 
imagination; and when we compare thefe circumftances 
with the defleCtion produced by gravity in the motion 
of a projeCtile — it is evident that the deflecting force of 
refraCtion muft exceed the greatell force that we have 
any knowledge of, in a greater proportion than the 
weight of Mount iEtna exceeds that of a particle of 
fand. We would defire Mr de la Place to fufpend his 
hopes of eftablilhing univerfal fatalifm, till he tan re- 
concile thefe phenomena with his fundamental principle, 
“ that all forces 'which are dijfufed from a fingle point, ne- 
ceffarily and effentially diminifh in the in-verfe duplicate ra- 
tio of the difla7ices” Till he can do this, he had better 
ftill allow, with Newton, that the feledion of the du- 
plicate ratio for the aClion of gravity (by which alone 
the folar fyftem can be rendered permanent and order- 
ly) is a mark of wifdom and benevolence. We would 
advife him to reconcile his mind to this ; and perhaps, 
like the modeft apd admiring Newton, he may, in good 
time, find comfort in the thought. 

It is alfo highly worthy of remark, that this refraft- 
ing force, ^almotl immenfe, which is fo plainly exerted 
between the particles of bodies and light, when confi- 
dered as of the fame kind with thofe that produce che- 
mical union, appears abundantly fufficient for explaining 
ibme of the moll wonderful phenomena of chemiltry ; 
inch as the prodigious elafticity of fteam, of gunpowder, 
and the ftill more aftonifliing explofion of fulminating 
gold and filver. Some of the phenomena of deflected 
light are produced by thefe optical forces afting at di- 
ftances fufficiently great to admit of meafurement; as in 
the Newtonian obfervations on the paftage of light near 
the edges of opaque bodies. Thefe defledions enable us 
to compare the defleCling forces with gravity. The 
ref rafting force, however, is vaftly greater than even 
this, as may be feen by the greater defle&ion which is 
produced by it; and, being exerted along a fpace in- 
comparably fmaller, it muft be greater ftill. Here, then, 
are forces fully adequate to the phenomena of fulmina- 
tion. And we would again defire Mr De la Place to 
remark that, although thefe exploding forces are irre- 
fiftible, their a&ion feems to vanifh entirely beyond the 
limits of mathematical contact. This is plain from the 
fa£t, that thofe explofions do not project the fragments 
to great diftances. This is remarkably the cafe in all 
the moft eminent of them. Common or nitric gunpow- 
der is perhaps the only great exception. This particu- 
lar circumftance will furely fuggeft to this eminent a- 
nalyft the inverfe triplicate ratio of the diftance as more 
likely to explain the phenomena than his favourite 
law. 

We truftthat our readers will not be difpleafed with 
this ftiort fketch of Dr HerfchePs difcovery, and the few 
reflections which it naturally fuggefted to our minds. 
We (hall not be greatly furprifed, although it fhould 
produce a fort of counter-revolution in chemical fcience, 
m confequence of new conceptions which it may give 
us of the union of bodies with light and heat. The 
phenomena of the vegetable and animal economy fhew 

that they are fufceptible of combination with other fub- Thtvenot, 
fiances befides the bafis of vital air. Whatever changes Thoma*. 
this may produce in the great revolution which has al- ' 
ready taken place in chemical fcience, they will (in our 
opinion) be favourable to true philofophy ; becaufe Dr 
HerfchePs difcovery co-operates with other arguments 
of found mathematical reafoning, to overturn that prin- 
ciple on which De la Place hopes to found his atheifti- 
cal do&rine of fate and neceflity. It contributes there- 
fore to reftore to the face of Nature that fmiling fea- 
ture of providential wisdom which Newton had the 
honour of exhibiting to the view of rational men. The. 
fun is the fource of light and genial warmth to a vaft 
fyftem, which is held together, in almoft eternal order 
and beauty, by a law of attradlion feledfed by Infinite 
Wifdom, as the only one adequate to this magnificent 
purpofe. 

THEVENOT (Melehifedec), librarian to the king 
of France, and a celebrated writer of travels, was born 
at Paris in 1621, and had fcarcely gone through his 
academical ftudies, when he difcovered a ftrong pafiiors 
for vifiting foreign countries. At lirft he faw only part 
of Europe ; but then he took great care to procure 
very particular informations and memoirs from thofe 
who had travelled over other parts of the globe, and 
out of thofe compofed his “ Voyages and Travels.”   
He laid down, among other things, fome rules, together 
with the invention of an inftrument, for the better find- 
ing out of the longitude, and the declination of the. 
needle ; and fome have thought that thefe are the belt 
things in his works, fince travels, related at fecond-hand, 
can never be thought of any great authority or mo- 
ment ; not but Thevenot travelled enough to relate fome 
things upon his own knowledge. Another paflion in. 
him, equally ftrong with that for travelling, was to col- 
led fcarce books in all fciences, efpecially in philofo- 
phy, mathematics, and hiftory ; and in this he may be 
faid to have fpent his whole life. When he had the 
care of the King’s library, though it was one of the belt, 
furniflied in Europe, he found 2000 volumes wanting 
in it which he had in his own. Befides printed books, 
he bought a great many manufcripts in French, Eng- 
lilh, Spanilh, Italian, Latin, Greek, Hebrew, Syriac*. 
Arabic, Turkilh, and Perfic. The marbles prefented 
to him by Mr Nointel, at his return from his embafiy 
to Conftantinople, upon which there are bas-reliefs and 
infcriptions almoft 2000 years old, may be reckoned 
among the curiofities of his library. He fpent moft of 
his time among his books, without aiming at any poll 
of figure or profit: he had, however, two honourable 
employments ; for he afiifted at a conclave held after 
the death of Pope Innocent X. and was the French 
king’s envoy at Genoa. He was attacked with what 
is called a flow fever in 1692, and died Odober the 
fame year, at the age of 71. According to the account 
given, he managed himfelf very improperly in this ill- 
nefs; for he diminilhed his ftrength bv abftinence, while 
he (hould have increafed it with hearty food and generous- 
w ines, which were yet the more neceflary on account of 
his great age.—Thevenot’s Travels into the Levant, 
&c. were publilhed in Englilh in the year 1687, folio j 
they had been publilhed in French at Paris 1663, folio. 
He wrote alfo “ L’Art de Nager,” the Art of Swim- 
ming, 12mo, 1696. 

THOMAS (Chriftian) was born at Leipfic 1655, 
and 
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Thomas- and was well educated, firft under his father, and- after- 
wards in the Leipfic univerfity. At hrit he acquiefced 
in the eftablifhed dodlrines of the fchools ; but upon 
reading PuffendorPs “ Apology for reje&ing the Scho- 
lailic Principles of Morals and Law,’* light fuddenly 
burit upon his mind, and he determined to renounce all 
implicit deference to ancient dogmas. He read ledlures 
upon the fubjedt ot Natural Law, firlt from the text of 
Grotius, and afterwards from that of Puffendorf, freely 
txercifmg his own judgment, and, where he law reafon, 
advancing new opinions. Whiift. his father was living, 
paternal prudence and moderation reftrained the natural 
vehemence and acrimony of the young man’s temper, 
which was too apt to break out, even in his public lec- 
tures. But when he was left to himfelf, the boldnefs 
with which he advanced unpopular tenets, and the fe- 
verity with which he dealt out his latirical centimes, 
foon brought upon him the violent refentment of theo- 
logians and profetfors. 

An “ Introduction to PufFendorf,” which Thomas 
publifhed in the year 1687, wherein he deduced the 
obligation of morality from natural principles, occafion- 
ed great offence. The following year he became flill 
more unpopular, by opening a monthly literary journal, 
which he intitled “ Free Thoughts, or Monthly Dia- 
logues on various Books, chiefly new' in which he at- 
tacked many of his contemporaries with great feverity. 
The raillery of this fatirical work was too provoking to 
be endured : complaints were lodged before the ecclefi- 
aftical court of Drefden ; the bookfeller was called upon 
to give up the author; and it was only through the in- 
tereft of the Marefchal that Thomas efcaped punifliment. 
The title of the work was now changed ; but its fpirit 
remained. A humorous and fatirical life of Ariflotle, 
and feveral other farcaftic papers, kept alive the flame 
of refentment, till at length it again burft forth, on a 
charge brought againll him before tlie fame court by 
the clergy of Leiplic, for contempt of religion : but he 
defended himfelf with fuch ability, that none of his ad- 
verfaries chofe to reply, and the matter was dropped. 

A fatirical review, wdiich he wrote, of a treatife “ On 
the Divine Right of Kings,” publiflied by a Danifli di- 
vine ; “ A Defence of the Sed of the Pidlifts,” and 
other eccentric and fatirical publications, at lall inflamed 
the refentment of the clergy againlt Thomas to fuch a 
degree, that he was threatened with imprifonment. To 
efcape the ftorm which thickened about him, he en- 
treated permiflion from the Eledlor of Brandeburg, in 
whofe court he had feveral friends, that he might read 
private ledlures in the city of Hall. This indulgence 
being obtained, Thomas became a voluntary exile from 
Leipfic. After a fliort interval, he was appointed pub- 
lic profeflbr of jurifprudence, firlt in Berlin, and after- 
wards at Hall. In thele fituations, he found himfelf at 
full liberty to indulge his fatirical humour, and to en- 
gage in the controverlies of the times : and as long as 
he lived, he continued to make ufe of this liberty in a 
manner which fubjedted him to much odium. At the 
fame time, he perfevered in his endeavours to corredt 
and fubdue the prejudices of mankind, and to improve 
the Hate of philofophy. He died at Hall in the year 
1728. 

Befides the fatirical journal already mentioned, Tho- 
mas wrote feveral treatifes on logic, morals, and jurif- 
prudence ; in which he advanced many dogmas contra- 

ry to received opinions. In his writings on Phyfics, he Thomas, 
leaves the ground of experiment and rational inveftiga- T horntom 
tion, and appears among the myftics. His later pieces * 
are in many particulars inconfillent with the former.— 
His principal philofophieal works are, “ An Introduc- 
tion to Aulic Philofophy, or Outlines of the Art of 
rhinking and Reafoning “ Introdudb'on to Ra- 
tional Philofophy “ A Logical Praxis “ Intro- 
duction to Moral Philofophy “ A Cure for Irre- 
gular Pafiions, and the Dodlrine of Self-Knowledge 
“ The new Art of difcovering the fecret Thoughts of 
Men “ Divine Jurifprudence “ Foundations of 
the Law of Nature and Nations“ Diflertation on 
the Crime of Magic “ Eflay on the Nature and Ef- 
fence of Spirit, or Principles of Natural and Moral 
Science “ Pliftory of Wifdom and Folly.” 

From the fpecimen given by Dr Enfield of his more 
peculiar tenets (for vve have read none of his books), 
Thomas appears to have been a man of wonderful in- 
conltftency in his opinions ; teaching on one fubjeft ra- 
tional piety and true fcience, and on another abfurdity 
and atheifm. “ No other rule (he fays) is neceflary in 
reafoning, than that of following the natural order of 
inveftigation ; beginning with tliofe things which are 
bed k nown, and proceeding, by eafy Heps, to thofe 
which are more difficult.” This is perfectly confident 
with the foundation of the Baconian logic ; and is in- 
deed the only foundation upon which a fydem of fcience 
can poffibly be built. Yet could the man, who pro- 
fefles to proceed from a principle fo well edablifhed, 
gravely advance, as conclufions of fcierce, the following 
abfurdities : “ Perception is a paflive affedlion, produ- 
ced by fome external object, either in the intellectual 
fenfe, or in the inclination of the will. God is not per- 
ceived by the intellectual fenfe, but by the inclination 
of the will: for creatures affect the brain ; but God, 
the heart. All creatures are in God : nothing is ex- 
terior to him. Creation is extenfion produced from 
nothing by the divine power. Creatures are of two 
kinds, paffive and aCtive ; the former is matter, the lat- 
ter fpirit. Matter is dark and cold, and capable of be- 
ing aCted upon by fpirit, which is light, warm, and ac- 
tive. Spirit may fubfill without matter, but defires a 
union with it. All bodies coniifl: of matter and fpirit, 
and have therefore fome kind of life. Spirit attracts 
fpirit, and thus fenfibly operates upon matter united to 
fpirit. This attraction in man is called love ; in other 
ha&xzs, fympathy. A finite fpirit may be confidered as 
a limited fphere, in which rays, luminous, warm, and 
aCtive, flow from a centre. Spirit is the region of the 
body to which it is united. The region of finite fpirits 
is God. The human foul is a ray from the divine na- 
ture ; whence it defires union with God, who is love. 
Since the effence of fpirit confilts in aCtion, and of body 
in pafilon, fpirit may exiit without thought : of this 
kind are light, ether, and other aCtive principles in na- 
ture.” Fortunately, this jargon is as unintelligible as 
the categories of Kant, and the blafphemies of Spino- 
za ; for an account of which, the reader is referred to 
Critical Philosophy in this Suppl. and to Spinoza in 
the Encycl. 

THORNTON (Bonnel), a modern poet, the inti-B,0ZraPltca* 
mate friend of Lloyd and Colman, and jultly claffed 
with them in point of talents, was born in Maiden- 
lane, London, in the year 1724. He was the fon of 

an 
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"Thornton, an apothecary ; and being educated at Weftminder 

u'' fchool, was elected to Chriit-Cliurch, Oxford, in the 
year 1743- He was thus eight years fenior to Gol- 

1 man, who was elected off in I751* d he firff publi- 
cation in which he was concerned was, “ 1 he Stu- 
dent, or Oxford and Cambridge Mifcellany,” which 
appeared in monthly numbers ; and was collected in 
two volumes 8vo, in 1748. Smart was the chief con- 
ductor of the work ; but Thornton, and other wits of 
both univerfities, afiifted in it. He took his degree of 
mailer of arts in 1 750 ; and as his father wilhed him to 
make phyfic his profeffion, he took the degree of ba- 
chelor of that faculty in 1754. In the fame year he 
undertook the periodical paper called The Connoijfeur, 
in conjundtion with Colrnan, which they continued 
weekly to the 30th of September 1756. In the con- 
cluding paper, the different ages and purfuits of the two 
authors are thus jocularly pointed out, in the defcrip- 
tion of the double author, Mr Town. “ Mr Town is a 
fair, black, middle-lized, very Ihort man. He wears his 
own hair and a periwig. He is about thirty years of age 
(literally thirty-two), and not more than four-and twen- 
ty. He is a ffudent of the law and a bachelor of phylic. 
He was bred at the univerfity of Oxford, where, ha- 
ving taken no lefs than three degrees, he looks down on 
many learned profeffors a-s his inferiors : yet, having 
been there but little longer than to take the-firit degree 
of bachelor of arts', it has more than once happened that 
the ceiifor-general of all England has been reprimanded 
by the cenfor of his college, for neglecting to furnifn 
the ufual effay, or, in the collegiate phrafe, the theme 
of the week.” Engaged in purfuits of this kind, Bon- 
nel Thornton did not very clofely follow the proteflion 
to which his father deftined him, but lived rather a li- 
terary life, employing his pen on various fubjedts. To 
the daily paper called the Public Advertifer., then in high 
reputation, he was a frequent contributor ; and he once 
had it in contemplation to treat with'Mr-Rich -for the 
patent of Covent Garden theatre. In 1764, Mr Thorn- 

1 ton married Mifs Sylvia Brathwaite, youngeff daughter 
of Colonel Brathwaite, who had been governor of a 
fort in Africa. In 1766, encouraged, as he fays him- 
felf, by the fuccefs of his friend Cohnan’s Terence, he 
publilhed two volumes of a tranllation of Plautus in 
blank verfe ; propofmg to complete the whole if that 
fpecimen ffiould he approved. Thefe volumes contain- 
ed feven plays, of which the Captive was tranllated by 
Mr Warner, who afterwards completed all that Thorn- 
ton had left unfinilhed ; and the Mercator by Mr Col- 
man. The remaining five are, the Amphitryon, Miles 
GloriofiH, Trinummus, Aulularia, Rudens. Some parts 
of the remaining plays which Thornton had tranflated 
are preferved by his continuator. There can be no 
doubt that this is the bell way of tranflating the old 
comedies, and that Thornton was well qualified for the 
talk ; but the work has never been in high favour with 
the public. Yet Warburton faid of it, that “ he never 
read fo juft a tranllation, in fo pure and elegant a ftyle.” 
Thornton publilhed in 1767, The Battle of the Wigs, as 
an additional canto to Garth’s Difpenfary ; the fubjeft 
of which was the difputes then fubfiiting between the 
tellows and licentiates. 

The life of Thornton was not deftined to attain any 
great extenlion : in the prime of his days, while he was 
iurFounded by domellic felicity, the comforts of for- 

tune, and the refpe<£t of fociety, ill health came upon Thormon, 
him ; and medical aid proving inefficient, he died, of the ^ hunder. 
gout in his itomach, May 9. 1768, at only 44.years ofV~~*v^w 

age. His wife, a daughter, and two funs, fQrvived 
him. Beiides the productions already mentioned, he 
wrote the papers in the Adventurer marked A ; “An 
Ode to St Cecilia’s day, adapted to the ancient Britilh 
Mufic,” a burlefquc performance ; “ The Oxford Bar- 

'ber with many detached effays in the public papers. 
A few letters addrefied to his Sylvia before they were 
married, difplay great tendernefs, expreffed with frank- 
nefs and eafe. A fmall edition of his works might, 
with much propriety, be preRnted to the public, before 
it lhall be too late to afcertain them all. His charac- 
ter maybe taken from his epitaph, written in Latin by 
his friend Dr Warton, and placed on his monument in 
Weftminfter Abbey. It is to this effeCt: “His ge- 
nius, cultivated molt happily by every kind of polite li- . 
terature, was accompanied and recommended by'man- 
ners open, fincere, and candid. In his writings and 
eonverfation he had a wonderful livelinefs, with a vein 
of pleafantry peculiarly his own. In ridiculing the fail- 
ings of men, without bitternefs, and with much hu- 
mour, he was fingularly happy ; as a companion, he 
was delightful.” 

THUNDER. There is not one of the appearances r 
of nature which has fo much engaged the attention of 
mankind as thunder. The favage, the citizen, and the 
philofopher, have obferved it with dread, with anxiety, 
and with curiolity ; and the philofopher of our times 
treats the others with a fmile of condefcenfion, while he 
here enjoys the fulleft triumph of his fuperiority. 

Fel'rx qui potuit rerum cognofeere caufas, 
Atque metus omnes et inevitabile fulmen 
Subjecit pe dibus. 

But though this grand phenomenon has long engaged 
the curious attention of philofophers, it is but very late- 
ly that they have been able to explain it ; that is, to 
point out the more general law of nature of which it is 
a particular inftance. Inflammable vapours had long 
furniflied them with a fort of explanation. The difeo- 
very of gunpowder, and Hill more that of inflammable 
air, gave fome probabdity to the exiftence of extenflve 
Itrata of inflammable vapours in the upper regions of 
the atrnofphcre, which, being fet on fire at one end, 
might burn away in rapid fucceffion, like a train of 
gunpowder. But the fniallelt invelligation would Ihew 
inch a diffirmlarity in the phenomena, and in the gene- 
ral tffedts, that this explanation can have no value in 
the eyes of a true naturalill. Horrid explofion, and a 
hlalt which would fweep every thing from the furface 
ot the earth, mult be the effects of fuch inflammation. 
The very limited and capricious nature of the ravages 
made by thunder, render them altogether unlike explo- 
fion s of elaftic fluids. 

No looner were the wonderful effects of the charged 
electrical phial obferved, than naturalifts began to think rcfembles 
of this as exhibiting fome refemblance to a thunder-the ele&ri- 
ftroke (fee Electricity, Encycl. n° 12.) ; but it wascaiftlock 

not till toward the year 175° that this refemblance was 
viewed in a proper light by the celebrated Franklin. 
In a differtation written that year, he delivers his opi- 
nion at large, and notices particularly the following 
circumftances of fimilarity. 

1. The 
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The colour and crooked form of lightnini? 

; particulars 

Tbunder. i. The colour and crooked form or iignuung, 
ft&ly fimilar to that of a vivid ele&rical fpark between 

[nfeveral d;ftant bodies, and unlike every other appearance oi 
remarkable ^ angular> defultory) capricious form of an 

ekftrical fpark, and of forked lightning, is very fmgu- 
lan. No two fucceffive fparks have the fame torm. 
Their fharp angles are unlike every appearance of mo- 
tion through unrefiiling air. Such motions are always 
curvilineal. The fpark is like the fimultaneous exig- 
ence of the light in all its parts : and the raft is, that 
no perfon can politively fay in which direaion it moves. 

2. Lightning, like eledricity, always itnkes the molt 
advanced objedts—hills, trees, lleeples. . 

o Lightning alfefts to take the heft condudors ot 
eledtricity. Bell wires are very frequently deftroyed by 
it. At Leven houfe in Fifefhire, in 1733, h ran along 
a gilded moulding from one end of the houfe to the 
other, exploding it all the way, as alfo the tinfoil on 
the backs of feverul mirrors, and the gilding of fereens 
and leather hangings. 

, It burns, explodes, and deftroys thefe condudtors 
precifely as eledricity does. It difl'olves metals ; melts 
wires ; it explodes and tears to pieces bodies which 
contain moillure. When a perfon is killed by light- 
ning, his ihoes are commonly burft. When it falls on 
a wet furface, it fpreads along it. The Royal William, 
Tn Louifljurgh harbour, in 1758, received a thunder- 
ftroke, which dilfipated the maintop gallant malt in 
duit, and came down on the wet decks in one fpark, 
which fpread over the whole deck as a fpout of water 
would have done. This is quite according to ekancal 

5. It has fometimes flruck a perfon blind. Ele&n- 
cky has done the fame to a chicken which it did not 
kill. . ~ ... 

6. It affedts the. nervous fyltem in a way relemblmg 
fume of the known effeds of ekaricity. The follow- 
ing is a molt remarkable inftance :   Campbell, 
Efq. of Succoth, in Dunbartonfliire, had been blind 
for feveral years. The diforder was a gutta lerena. 
was led one evening along the ftreets of Glafgow by 
his fervant Alexander Dick, during a terrible thunder 
{torm. The lightning fometimes fluttered along the 
flreets for a quarter of a minute without ceafing-. While 
this fluttering lafted, Mr Campbell faw the ttreet dif- 
tinaiy, and the changes which had been made in that 
part by taking down one of the city gates. W^ai 
the {torm was over, his entire blindnefs returned. We 
have from a friend another inftance, no kfs remarkable. 
One evening in autumn he was fitting with a gentle- 
man who had the fame diforder, and he obferved feve- 
ral lambent flaflies of lightning. Their faces were turn- 
ed to the parlour window; and immediately after a 
ffofh, the gentleman faid to his wife “ Go, my dear, 
make them flint the white gate ; it is open, you fee.” 
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per- femble thofe of a mortal ftroke of ekancity. 

The Thunder. 

mufeks are all in a ftate of perfeft relaxation, even in ' 
thofe fituations where it is uiually otherwife. 

8. Lightning is well known to deftroy and to change 
the polarity of the mariner’s needle. 3 

Dr Franklin was not contented with the bare obfer-Dr Frank- 
ration of thefe important refemblances. He availedhndifco-^ 
himfelf of many curious difeoveries which he had ,na^e jt was the 
of eledlrical laws. In particular, having obkrved thatfarne> 
ekftricity was drawn off at a great diftance, and with- 
out the kaft violence of action, by a {harp metallic 
point, he propofed to philoiophers to ereft a tall mall 
or pole on the higheft part of a building, and to furnifli 
the top of it with a fine metalline point, properly inf- 
lated, with a wire leading to an inflated apparatus for 
exhibiting the common ek&rical appearances. To the 
whole of this contrivance he gave the name of thunder- 
rod, which it ftill retains. He had not a proper op- 
portunity of doing this himfelf at the time of writing 
his differtation in a letter from Philadelphia to the 
Royal Society of London ; but the contents were fo 
feientific, and fo interefting, that in a few weeks time 
they were known over all Europe. His directions weie 
followed in many places. In particular, the Irench 
academicians, encouraged by the prefence ot their mo- 
narch, and the great fatisfaClion which he exprefled at 
the repetition of Dr I1 ranklin’s moll inftiiictive expci 1-^ 
ments, which difeovered and eftabliflied the theory ot 
pofitive and negative eleCtricity, as it is ftill received, 
were eager to execute his orders, making his grand ex- 
periment, which promifed fo fairly to bring this tre- 
mendous operation of nature not only within the pale of 
fcience, but within the management of human power. 

But, in the mean time, Dr Franklin, impatient of 
delay, and perhaps incited by the honourable deiire ot 
well-deferred fame, put his own febeme in practice. 
His inventive mind fggelled to him a moft ingenious 
method of prefenting a point to a thunder cloud at a 
very great diftance from the ground. This was by 
fixing his point on the head of a paper kite, which the 
wind ftiould raife to the clouds, while the wet ftring 
that held it fliould ferve for a conductor of the ekCln- 
city. We prefume that it was with a palpitating heart 
that Dr Franklin, unknown to the neighbours, and ac- 
companied only by his fou, went into the fields, and 
fent up his meffenger that was to bring him fuch news 
from the heavens. He told a perfon, who repeated it 
in the hearing of the prefent writer, that when he faw 
the fibres of the cord raife themfelves up like hogs 
briftks, he uttered a deep figh, and would have wiflred 
that moment of joy to have been his laft. He obtain- 
ed but a few faint fparks from his apparatus that day ; 

1 but returned to his houie in a ftate of perteCt happi- 
nefs, now feeling that his name was never to die. Thus 
did the foap-bubbk, and the paper-kite, from being the 

Thelady "d id fo, "urnfd ; and, after a’lfttk, faid, playthings of children become, in the hands of New- 
“ But how did you know that the gate was open?” ton and of Franklin, the means of acquiring immor a 'Dut 1 y - honour, and of doing the moil important fervice to fo- you know mat me gate was open 
He exclaimed, “ My God! I faw it open, and two men 
look in, and go away again,” (which our. friend alio 
had obferved). The gentleman, on being clofe quef- 
tioned, could not recolka having had another glance, 
nor why it had not furprifed him ; but of the glimpk 
itfelf he was certain, and deferibed the appearance very 
exa&ly. 

7. Lightning kills j and the appearances perfectly re- 

ciety. 
We may juftly confider this as one of the greateft of 

philofophical difeoveries, and as doing the higheft ho- 
nour to the inventor ; for it was not a fuggeftion from 
an accidental obfervation, but arofe from a feientific 
comparifon of fads, and a fagacious application of the 
do&rine of pofitive and negative electricity ; a do&rine 

wholly 
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and difcriminating obfervation. It was this alone that 
fuggefted the whole; ami by explaining to his fatisfac- 
tion the curious property of /harp points, gave him the 
courage to handle the thunderbolt of Jove. 

It is then a point fully afcertained, that thunder and 
lightning are the ele&ric fnap and fpark, as much fu- 
perior to our puny imitations as we can conceive from 
the immenfe extent of the inftruments in the hands of 
Nature. If, fays Dr Franklin, a condu&or one foot 
thick and five feet long will produce fuch fnaps as agi- 
tate the whole human frame, what may we not expedt 
from a furface of 10,000 acres of eleftrified clouds? 
Flow loud muff be the explofion ? how terrible the ef- 
fedfs ? 

This difcovery immediately dire&ed the attention of 

atmofphere P^^0^0P^ers to ftate °f the atmofphere with re- 'fpeft to ele&ricity; and in this alio Dr Franklin led 
the way. He immediately credit'd his thunder rods ; 
and they have been imitated all over the world, with 
many alterations or improvements, according to the 
different views and fkill of their authors. It is need- 
lefs to infill here on their conflrudlion. They have 
been defcribed in the article Electricity, Ericycl. ; 
and any perfon well acquainted with its theory, as laid 
down in the Supplementary article Electricity, will 
be at no lofs to accommodate his own conflrudlion to 
his fituation and purpofes. 

Dr Franklin took the lead, as we have already ob- 
ferved, in this examination of the eledlrical Hate of the 
atmofpheie. He ftldom found it without giving figns 
of eledlricity, and this was generally negative. See 
Phil* Tranf. Vol. XLVIIF p. 358 and 785. 

Mr Canton repeated thofe experiments, and found 
the fame refults ; both, however, found that the elec- 
tricity would frequently change from pofitive to nega- 
tive, and from negative to pofitive, in very fliort fpaces 
of time, as different portions of clouds or air paffed the 

^ thunder rod. 
Cautions to We mull here remark, that our acquaintance with 
be Observed the laws of eledricity fuffieiently informs us, that the 

EST *?r,C“T .ot, ?"r foquemlybe of a 
by a thuo Gltierent Kind rrnrn thut r.f .1 
der rod. 

different kind from that of the cloud which excites the 
appearances at our apparatus. We know that air, like 
glafs, is a non-condudlor ; and that when it is brought 
into any flate of elcAricity, either by communication, or 
by mere mduAion, it will remain in that flate for fome 
time, and that it always changes its elcAricity per lira- 
turn. A noiilitfP nlond in  :  . A poiitive cloud, in the higher regions of the at- 
mofphere, will render the air immediately below it ne- 
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for fome confiderable time accompanied the pontive TI,under, 
cloud, its negative eleAricity has been fncreafing, and 
fome would remain, even if the cloud were removed. 
We muff, at all times, conflder the thunder rod as af- 
feAed by all the eleAricity in its neighbourhood. The 
diflant pofitive cloud Would at any rate render the lower 
end of the rod pofitive, without communication, by 
merely difplacing the eleAricity in the rod itfelf, juft as 
the north pole of a loadftone would make the remote 
end of a foft iron rod a north pole. In like manner, 
the negative ftratum of air immediately adjoining to the 
pofitive cloud would make the lower end of the rod ne- 
gative, without communication. A pofitive ftratum of 
air below this would have the contrary effeA. The ap- 
pearances, then, at the end of the rod, mufl be the re- 
fult of the prevalence of one of thefe above the others; 
and many intervening circumftances muft be underftood, 
before we can infer with certainty the ftate of a cloud 
from the appearances at the lower end of the appara- 
tus. It would, therefore, be a moft inftruAive addition 
to a thunder rod to have an eleArofcope at both ends. 
If they fhew the fame kind of eleAricity, we may be 
allured that it is by communication, and is the fame 
with that of the furrounding ftratum of air : But if they 
fhew oppofite eleAricities (which is generally the cafe), 
then we learn that it is by pofition or induAion. We 
recommend this to the careful attention of the philofo- 
pher. 

In this way we perfeAly explain an appearance which 
puzzled both of the above-mentioned obfervers. When 
a fmgle low cloud approached the rod, the eleArofcope 
would fhew pofitive eleAricity, but negative when the 
cloud was in the zenith, and pofitive again when it had 
paffed by. We alfo learn from this the caufe of Dr 
Franklin’s difappomtment in his expeAations of very 
remarkable phenomena by means of his kite. He ima- 
gined that it would be vaftly fuperior to the apparatus 
which he had recommended to the philofophers of Eu- 
rope. But the firing of the kite, travelling feveral ftia- 
ta in different ftates of eleAricity, ferved as a conduAor 
between them, and he could only obtain the fuperplus ; 
w’hich might be nothing, even when the clouds were 
ftrongly eleArified. 

I he molt copious and curious obfervations on the 
eleArical ftnte of the atmofphere are thofe by Profeffor 
Bcccaria of Turin. He had conneAed the tops of fe- 
veral flee pies of the city by infulated wires. He did 
the fame thing at a monaftery on a high hill in the neigh- 
bourhood. Each of thefc collected the eleAricity of a 

o-ntivp -i 11 1  ,L I1C* feparate ftratum of confiderable extent. He frenucntlv 
L rod be »>>^ 

Ae f. 
Th' follo"in

f« 8™*”' «« <»ad« out Beccri* 
• • , k ... t fiom a companfon ot a vaft of more particulargeneral 

ones made in different places : laws of at- 
1 • 'l ke air is almoft always eleArical, efpecially in nJ0^erfy< 

the day time and dry weather ; and the eleAricity is* ^ ^ 
generally pofitive. It does not become negative, uulefs 
by winds from places where it rains, fnows, oris foggy. 

2. J he moifture of the air is the conftant conduAor 
6f its eleAricity in clear weather. 

3. W hen dark or wet weather clears up, the eleAri- 
city is always negative. If it has been very moift, and 
dries very faft, the el^Aricity is very intenfe, and dimir ' 

nifhes 

,  ^ ... .(tjjumaig negative itratum, 
may fhevv a negative eleAricity, which will exceed the 
pofitive deAncity which the diftant pofitive cloud w^ould 
have induced on its lower end by mere pofition, had 
the intervening air been away. This excefs of neo-ative 
eleAncity muft depend on the degree in which the fur- 
rounding ftratum of air has been rendered negative. If 
this has been the almoft inftantaneous effeA of the’pre- 
lence of the pofitive cloud, it cannot be rendered fo ne- 

5n reyaIt0Lpr°^UCe nei?ative eleftfi,h‘ty ki the lower find of the thunder.rod. But if the ftratum of air has 
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—-v may continue long ftationary, by a fupply of air in a 

drying ftate from diftant places. 
4. If, while the fky overcafts in the zenith, only a 

high cloud is formed, without any fecondary clouds un- 
der it, and if this cloud is not the extenfion of another 
which rains in fome remote place, the eleftricity (if 
any) is always pofitive. 

5. If the clouds, while gathering, are ftaped like 
locks of wool, and are in a ftate of motion among each 
other ; or if the general cloud is forming far aloft, and 
ftretclies down like delcending fmoke, a frequent pofi- 
tive electricity prevails, more intenfe as the changes in 
the atrhofphere are quicker; and its intenfity predifts 
the great quantity of fnow or rain which is to follow. 

6. When an exteniive, thin, level cloud forms, and 
darkens the Iky, we have ftrong pofitive electricity. 

7. Low thick fogs, rifing into dry air, carry up fo 
much eleCtricity as to produce fparks at the apparatus. 
If the fog continues round the apparatus w ithout rifing, 
the eleCtricity fails. 

8. When, in clear weather, a cloud paffes over the 
apparatus, low and tardy in its progrefs, and far from 
any other, the pofitive eleCtricity gradually' diminifties, 
and returns when the cloud has gone over. 

9. When many white clouds gather over head, con- 
tinually uniting with and parting from each other, and 
thus form a body of great extent, the pofitive eleCtrici- 
ty increafes. 

10. In the morning, when the hygrometer indicates 
drynefs equal to that of the preceding day, pofitive e- 
leCtricity obtains, even before funrife. 

11. As the fun gets up, this eleCtricity increafes; 
more rematkably if the drynefs increafes. It diminilhes 
in the evening. 

12. The mid day eleCtricity, of days equally dry, is 
proportional to the heat. 

1 3. Winds always leffen the eleCtricity of a clear day, 
efpecially if damp : therefore they do not eleCtrify the 
air by friction on folid bodies. 

14. In cold feafons, with a clear (ky and little wind, 
a confiderable eleCtricity arifes after funfet, at dew fall- 
ing. 

The fame happens in temperate and w'arm weather. 
If, in the fame circumftances, the general drynefs of 

the air is lefs, the eleCtricity is alfo lefs. 
15. The eleCtricity of dew, like that of rain, depends 

on its quantity. This eleCtricity of dew may be imtita- 
ted by electrifying the air of a clofe room (not too 
dry), and filling a bottle with very cold water, and fet- 
ting it in the upper part of the room. As the damp 
condenfes on its fides, an electrometer will ftew very 
vivid eleCtricity. 

Such a collection of obfervations, to be fit for infer- 
ence, requires very nice diferimination. It is frequent- 
ly difficult to difeover eleCtricity in damp air, though it 
is then generally ftrongeft ; becaufe the infulation of the 
apparatus is hurt by the dampnefs. To make the ob- 
fervation with accuracy, requires a portable apparatus, 
whofe infulation can be made good at all times. With 
fuch apparatus we ftall never mifs obferving eleCtricity 
in fogs, or during fnow. 

There is a very curious phenomenon, which may be 
frequently obferved in Edinburgh, and .no doubt in o- 
ther towns fimilarly fituated. In a clear day of the 
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month of May, an cafterly wind frequently brings a 
fog with it, which advances from the fea in a denfe '—“■'v--— 
body ; and wlren it comes up the High-ftreet, it chills 
the body exceedingly, while it does not greatly affeCt 
the thermometer. Immediately before its gair.in g the 
ftreet, one feels like a tickling on the face, as if a cob- 
web had fallen on it, and naturally puts up his hand* 
and rubs the face. • We have never found this to fail, 
and have often been amufed with feeing every perfon 
rubbing his face in his turn. The writer of this artie'e 
has obferved the fame thing at St Peterftu.rgh, in a 
fummer’s evening when a low fog came on about ten 
o’clock. 

The general appearances of a thunder ftorm are near- 
ly as follows : 7 

For the moft part the wind is gentle, or it is calm. A Phenome- 
low denfe cloud begins in a place previoufly clear : this*1^ ° 
increafes fall in fize ; but this is only upwards, and in an ^ornii 
arched form, like great bags of cotton. The lower fur- 
face of t U- cloud is commonly level, as if it refted on a 
glafs plane. 

Soon after appear numberlefs fmall ragged clouds, 
like flakes of cotton teazled out. Thefe are moving a- 
bout in various uncertain diredlions, and continually 
changing their ragged fhape. This change, however, 
is generally by augmentation. Whatever occafions the 
precipitation of the diflblved water feems to gain ground. 
As thefe clouds move about, they approach each other, 
and then ftretch out their ragged arms toward each 
other. This is not by an augmentation, but by a real 
bending of thefe tatters towards the other cloud. They 
feldom come into contadt ; but after coming very near 
in fome parts, they as plainly recede, either in whole, 
or by bending their arms away from each other. 

But during this confufed motion, the whole mafs df 
fmall clouds apprpaches the great one above it; and when 
near it, the clouds of the lower mafs frequently coalefce 
with each other before they finally coalefce with the 
upper cloud: But as frequently the upper cloud increafes 
without them. Its lower furface, from being level and 
fmooth, now becomes ragged, and its tatffcrs ftretch 
down towards the others, and long arms are extended 
towards the ground. The heavens now darken apace, 
the whole mats finks down ; and arifes, and frequently 
fhifts in fqualls ; fmall clouds are now moving fwiftly in 
various dire&ions ; lightning now darts from cloud to 
cloud. A fpark is fometimes feen co-exiftent through a 
vaft horizontal extent, of a crooked ftape, and of dif- 
ferent brilliancy in its different parts. Lightning ftrikes 
between the clouds and the earth—frequently in tw’o 
places at once^ A continuation of thefe fnaps rarifies 
the cloud ; and in time it diffipates. This is accompanied 
by heavy rain or hail ; and then the Upper part of the 
clouds is high and thin. 

During this progrefs of the ftorm, the thunder rod 
is ftrongly ele&rified; chiefly when the principal cloud 
is over head. The ftate of the ele&ricity frequently 
changes from pofitive to negative—almoft every flafli, 
however diftant, occafions a fudden ftart of the eleftro- 
fcope, and then a change of the ele&ricity. When the 
cloud is more uniform, the eleftricity is fo too. g 

The queftion now is, In what manner does the air Sources of 
acquire this eleftricity ? How come its different partsa.fmofP,,e* 
to be in different ftates, and to retain this difference forric clc<ari' 
a length of time ? and how is the eleAric equilibriumClty* 

4 $ reftored 
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Thunder, reitored with that rapidity, and that extent, that we 

'' " v1 ■' obferve in a thunder ftorm ? For we know that air is 
a very imperfect conduftor, and tranimits eledricity to 
fnudi diftances only, and very flowly. We diall mention 
feveral circumllances, which are known fafts in eleftri- 
city, and mull frequently concur, at lead, with the other 
caufes of this grand phenomenon. 

Air is rendered eledlriea! in a great variety of ways. 
1. All operations which excite eleftricity in other 

bodies have the fame effcdl on air. It is electrified by 
fridion. When blown on any body, fueh as glals, &c. 
that body exhibits eleClricity by a ienfible eleClrofcope^ 
We therefore conclude that the air has acquired the op- 
pofite eleClricity from this rubber. A glafs veffel, ex- 
hauited of air, aud broken in the dark, gives aloud 
track, and a very fenfible fialh of light. An air-gun, 
difeharged fvvitliout a ball) in the dark, does the lame. 
Blowing on an eleCtric with a pair of bellows never 
fails to excite it. In Ihort, the faCts to this purpofe 
are numberlefs. 

2. EleCtricity is produced by a number of chemical 
operations, which are continually going on. The melt- 
ing and freezing of eleCtric bodies in cqntaCl with each 
other, fuch as chocolate in its moulds, wax-candles in 
their moulds, lealing wax, &c. Nay, it is highly pro- 
bable that any body, in paffing from its fluid to its fo- 
iid form, or the contrary, is eleCtrical. This is the cafe 
when a folution of Glauber’s fait, or of nitre, in water, 
is made to crytlallize all at once by agitation. 

The folution of bodies in their mcnllrua is, in like 
manner, productive of eleftricity in many cafes. Thus 
iron or chalk, while diflblving in the fulphuric acid, pro- 
duce negative eleCtricity in the mixture, and politive 
in the eleClric vapours which arife from them. 

A moll copious fource of eleClricity is the cpnverfion 
of water into elaftic Hearn by violent heats. When 
this is done in a proper apparatus, the eleCtricity 
of the liquid is negative, and the vapour is pofitive. But 
if this be accompanied by a decompofition of the water, 
the liquid is fometimes ftrongly negative. Thus, when 
water evaporates fuddenly from a red hot filver cup, the 
cup is ftrongly negative ; but if from clean red hot iron, 
io that the iron is calcined, and inflammable air produ- 
ced, the iron is pofitive. If the decompofition of the 
water is fufficiently copious to do more than compen- 
fate for the negative eleClricity produced by the mere 
expanfion of the water into fleam, the eleClricity is po- 
fltive ; but not otherwife. Water expanded from a piece 
ot red hot coal always gives negative eleClricity, and 
this frequently very itrong. Thefe experiments fhould 
always be ma^le in metalline veflfels. If made -in glafs 
veflels, the glafs takes a charge, which expends the pro- 
duced eleChicitV, and remains neary neutral, fo that 
the production of ele&rieity is not obferved. Thefe 
faCts are to be found among many experiments of Mr 
ban fibre. But there is here a very wide field of new 
inquiry, which cannot fail of being very inftruCtive, and 
particularly in the prefent quettion. We fee fome of 
the effefts very diflinClly in feveral phenomena of thunr 
tier and lightning. Thus, the great eruptions of iEtna 
and Vefuvius are always accompanied by forked light- 
nings, which are feen darting among the volumes of 
emitted fmoke and fleam. Here is a very copious con- 
verfion of water into elaflic fleam ; and here alfo it is 
rnoft reafonable to expeCt a copious decompofition of 

water, by the iron and coally matters, which are ex- Tl under, 
pofed to the joint a&ion of fire and water. Thefe two '■“'Y—— 
eledricities will be oppofite ; or when not oppofite, 
will not be equal: in either of which cafes, we have vail 
mafles of fleam in ftates fit for flafiiing into each other. 

A fad more to our purpofe is, that if a filk or linen 
cloth, of a downy texture, be moiilened or damped* 
and hung before a clear fire to dry, the fibres briftle up, 
and on bringing the finger, or a metal knob, near them, 
they are plainly attracted by it. We found them ne- 
gatively eiedn’e. This fliews that the fimple folution 
of water in air produces eledricity. And this is the 
chief operation in Nature conneded with the flate of 
the atmofpbere. It is thus that the watery vapours 
from all bodies, and particularly the copious exfudation 
of plants, dlfappear in our atmofphere. There can be no 
doubt but that the oppofite eledricity will be produ- 
ced by the precipitation of this vapour ; that is, by the 
formation of clouds in clear air. When damp, but clear 
air in one veflel expands into an adjoining veffel, from 
which the air has been exhaulted, a cloud appears in 
both, and a delicate electrometer is affeded in both 
veflels ; but our apparatus was not fitted for afeertain- 
ing the kind of eledricity produced. Here then is 
another unexplored field of experiment. We got two 
veflels made, having diaphragms of thin filk. Thefe 
were damped, and fet into two tubs of water, of very 
different temperatures. Dry air was then blown thro’ 
them, and came from their fpouts faturated with water. 
The fpouts were turned toward each other. Being of 
very different temperatures, the ftreams produced 3 
cloud upon mixing together, and a ftrong negative e- 
ledricity was produced. We even found that an elec- 
trometer, placed in a veficl filled with condenfed air, 
was affeCled when this air was allowed to rufh out by 
a large hole. 

Daftly, we know that the tourmaline, and many of 
the columnar cryftals, are rendered eleftrical by merely 
heating and cooling. Nay, Mr Canton found that dry 
air became negative by heating, and pofitive by cool- 
ing, even when it was not permitted to expand or con- 
trail. 

When water is precipitated, and forms a cloud, it is 
reafonable to exped that it will have the eleClricity of 
the air from which it is precipitated. This may he 
various, hut in generaj negative : For the heat by which 
the air was enabled to diffolve the water made it nega- 
tive ; and much more the friftion on the furface of the 
earth. But as heat caufed it to diffolve the water, cold 
will make it precipitate it ; and we fliould therefore ex- 
pert that the air will be in the flate in which it was 
when it took up the water. But if it be cooled fo fait 
as to precipitate it in the form of rain, or fnow, or hail, 
we may expeCl pofitive eledlricity. Accordingly, in 
fummer, hail fhovvers always fhew ftrong pofitive elec- 
tricity ; fo does Inow when falling dry. 

.Here, then, are copious fources of atmofpheric elec- 
tricity. The mere expanfion and condenfation of the 
air, and ftill more the folution and precipitation of wa- 
tery vapours in it, are perhaps fufficient to account for 
all the inequality of eleClric ftate that we obferve in the 
atmofphere. 

1 he maffes of air thus differently conftituted are evi- 
dently difpofed in ftrata. The clouds are feen to be fo. 
I hefe clouds are not the ftrata, but the boundaries of 

ftrata ; 
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{lhata 5 which, from the very nature of things, are in 
different Hates with refpeef to the fufeeption or preci- 
pitation of water. When two fuch llrata are thus ad- 
joining, .they will flowly a£t on each other’s tempera- 
ture, and by mixing will form a thin ftratum of cloud 
along their mutual coniines. If the one ftratum has 
any motion relative to the other, and be in the fmallett 
degree difturbed, they will mix to a greater depth in 
each ; and this mixture will not be perfectly uniform. 
The extreme mobility of air will greatly increafe this 
jumble of the adjoining parts of the two ftrata, and will 
give the cloud a greater thicknefs. If the jumble has 
been very great, io as to pufh one of them through the 
other, we lhall have great towering clouds, perhaps per- 
vading the whole thicknefs of the ftraturn of air. We 
take thefe clouds to be like great foggy bladders, fu- 
perficially opaque where they have come into contaft 
with the furrounding ftratum of air, but tranfparent 
within. 

When the wind, or ftratum in motion, does not pufh 
all the quiefeent air before it, it generally gets over it, 
and then flows along its upper fide, and, by a partial 
mixing, produces a fleecy cloud, as already deferibed. 
We may obferve here, by the way, that the motion of 
thofe fleecy clouds is by no means a juft indication of 
the motion of the ftratum ; it is nearly the motion com- 
pofed of the half of the motions of the two. 

This is in all probability the ftate of the atmofphere, 
confiding of ftrata of clear air many hundred yards 
thick, feparated from each other by thin fleeces of 
clouds, which have been produced by the mixture of 
the two adjoining ftrata. This is no fancy ; for we ac- 
tually fee the fky feparated by ftrata of clouds at a great 
diftance from each other. And we fee that thefe ftrata 
maintain their iituations, without farther admixture, for 
a long time, the bounding clouds continuing all the while 
fo move in different directions. In the year 1759, du- 
ring the fiege of Quebec, a hard gale blew one day from 
the weftward, whicii made it almoft impracticable to 
fend a number of provilion boats to our troops llationed 
above the town. While the men were tugging hard at 
the oars againft the wind, and hardly advancing, though 
the tide of flood favoured them, the French threw fome 
bombs to deftroy the boats. One of thefe burft in the 
air, near the top of its flight, which was about a quar- 
ter of a mile high. The round ball of fmoke produced 
by the explofion remained in the lame fpot for above 
feven minutes, and difappeared by gradual diffufion. 
The lower air was moving to the eaftward at leaft 30 
feet per fecond. 

In 17B3, when a great fleet rendezvoufed in Leith 
Roads, the {hips were detained by an eafterly wind, 
which had blown for fix weeks without intermiflion. 
The fky was generally clear ; fometimes there was a thin 
fleece of clouds at a great height, moving much more 
#bwly in the fame direction with the wind below. Du- 
ring the laft eight days, the upper current was from the 
weftward, as appeared by the motion of the upper clouds. 
High towering clouds came down the river, with a little 
rain ; the ftrata were jumbled, and the v We atmo- 
fphere grew hazy and uniform ; then came thunder, 
and heavy rain, and the wind below Ihifted to the weft- 
ward. 

Thus it is fufficiently evinced, that the atmofphere 
frequently conlifts of fuch ftrata, well diftinguifliedfrom 

Thunder. each other: their appearance and progrefs leave us no 
room to doubt but that they come from different quar- v 

ters, and had been taken up or formed at different 
places, and in different circumftances, and therefore dif- 
fering in refpedl of their elefilrical Hates. Ir 

The confequence of their continuing long togetherThe elec- 
would be a gradual but flow progrefs of their eleClri-U'113 

city to a ftate of equilibrium. The air is perhaps never r^)re* 
in a perfedfly dry ftate, and its moifture w ill caufe the very fl0\v- 
eleftricity to diffufe itfelf gradually. It is not beyond ly in ge- 
the power of our mathematics to afeertain the progrefsnera'* 
of this approximation to the eledtric equilibrium. We 
fee fomething very like it in the curious experiments of 
Beccaria with mirror plates laid together, and charged 
by means of a coating on the outer plates Thefe 
plates were found to confift of alternate ftrata of poli- 
tive and negative ele&ricity, which gradually penetrated 
through the plates, arjd coalefced till they were reduced 
to two ftrata ; perhaps in time the ele&ricity would have 
difappeared entirely by thele two alio coalefcing. In 
the fame manner there would be a flow transfulion ot 
fenfible electricity through thefe llrata without any fen- 
fible appearances. If any collateral caufes fhould make 
a part more damp than the reft, there would be a more 
brifle transference through it, accompanied with faint 
flaflies of lambent lightning. u 

But thunder requires a rapid communication, and a A rapid 
reftoration of eleftric equilibrium in an inflant, and to reftT* 
a vail extent. The means for this are at hand, furn'fh-r;ition ;H A 
ed by Nature. The ftrata of charged air are furniflied thunder 
with a coating of cloud. The lower ftratum is coated clap, 
on the underfide by the earth. ' 13 

When a jumble is made in any of the ftrata, a preci- Vfanner in 
pitation of vapour mult generally follow. Thus a con-.w^^|u« 
dudtor is brought between the elcftrical coatings. Tlmby a coV_ 
will quickly enlarge, as we fee that in our little imita-ingof 
tions the knobs of our conductors inftantaneoufly ar-cloud, 
range any particles of dull which chance to lie in the 
way,,in fuch a manner as to complete the line of con- 
duct, and occafion a fpark to fly to a much greater dif- 
tance than it would have leaped it no duft had been in- 
terpofed. We have often procured a difeharge between 
two knobs which were too tar afunder, by merely 
breathing the damp air between them. In this manner 
the interpofed cloud immediately attraCts other clouds, 
grows ragged by the paffage of eleCtricity through clear 
air, where it caufes a precipitation by altering the na- 
tural equilibrium of its electricity; for a certain quanti- 
ty of eleCtricity may be neccflary tor air’s holding a 
certain quantity of vapour. Accordingly we fee in a 
thunder llorm that fmall clouds continually and fuddeu- 
ly form in parts formerly clear. Whatever caufes thun- 
der does in faCt promote this precipitation. 

Thefe clouds have the-eleCtricity of the furrounding 
air, and inuft communicate it to others in an oppoiite 
ftate, and within reach. They mult approach then!, 
and muft afterwards recede from them, or from any 
that are in the faiTe ftate of eleCtricity with themfelvCe. 
Hence their ragged forms, and the litnilar form of the 
under furface of the great cloud ; hence their continual 
and capricious fhifting from place to place : they are 
carriers, which give and take between the other clouds, 
and they may become Helping Hones for the gener'dl 
difeharge. 

If a fmall cloud form a communication with the 
4 S 2 ground. 
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ground, and the great cloud be pofitive or negative, we 
muft have a complete difcharge, and all the eledlrical 
phenomena, with great violence ; for this coating of va- 
pour is abundantly complete for the purpofe. It con- 
fids of fmall veficles, which are fuffioiently near each 
other for difcharging the whole air that is in their in- 
terfiices. A phial coated with amalgam is by no means 
fully coated. If we hold it between the eye and the 
light, we fhall fee that it is only covered with a number 
of detached points of amalgam, which looks like a cob- 
web. Yet this glafs is almoft completely difeharged 
by a fingle fpark, the refiduum being hardly perceptible. 

The general feene of thunder is the heavens ; and it 
is by no means a frequent cafe that a difcharge is made 
into the earth. The air intervening between the earth 
and the lowed coating is commonly very much confu- 
fed in confequence of the hills and dales, which, by al- 
tering the currents of the winds, tofs up the inferior 
parts, and mix them with thofe above. This generally 
keeps the earth pretty much in the fame elc&rical date 
as the lowed dratum of clouds. 

Nor are the great thunder dorms in general indances 
of the redoration of equilibrium between two drata im- 
mediately incumbent on each other. They feem, for the 
mod part, to be drokes, between two parcels of air which 
are horizontally didant. This, however, we do not affirm 
with great confidence. Our chief reafon for thinking 
fo is, that in thefe great dorms the fpark or lhaft of 
forked lightning is dire&ed horizontally, and fometimes 
is feen at once through an extent of feveral miles. 

The nature of this fpark has not, we think, been 
properly confidered. It is limply compared to a long 
eleftrical fpark, which we conceive to be drawn thro’ 
pure air, and is confidered as marking the aftual trans- 
ference of ele&ricity from one end to the other. But 
this we doubt very much. We are certain of having 
obferved lhafts of lightning at one and the fame indant 
dretching horizontally, though with many capricious 
zigzags and lateral fputterings, at lead five miles. We 
cannot conceive this to have been the dnking didance, 
becaufe the greated vertical didance of the drata is not 
the half of this. We rather think that it is a fimulta- 
neous range of difeharges, each accompanied with light, 
differently bright, according to the elettrical capacity 
of the cloud into which it is made; and if there is a 
real transference of eleftric matter on this occafion 
(which we do not affirm), it is only of a fmall quan- 
tity from one cloud to the next adjoining. This we think 
confirmed by the found of thunder. It is not a fnap, 
incomparably louder than out kmded fnap from coated 
glafs ; but a long continued, rumbling, and viery un- 
equable noife.^ There is no doubt but that this fnap 
was almod limultaneous through the whole extent of 
the fpam ; but its different parts are conveyed to our 
ear in time, and are therefore hqard by us in fucceffion ; 
and it is not an uniform roar, but a rumbling noife, un- 
equally loud, according aa the different parts of the 
fnap are indeed differently loud. We ihould hear a 
noife of the fame kind it we itood at one end of a long 
line of foldiers, who difeharged their mulkets (differ- 
ently loaded) in the fame inftant. When any part of 
the fpark is very near us, and is not very diffufe, the 
fnap begins with great fmartnefs, and continues for 
lome time, not unlike the violent tearing of a piece of 

rong tdk ; after which it beaomes more and more mel- 
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low as it comes from a greater diftance. We do not, Thunder, 
however, affirm, that the whole extenlive fpark and fnap 
are cc-exiftent or fimultaneous. The cloud is, in all 
probability, but an indifferent conductor, and even a 
fenfible time may elapfe during the propagation of the 
fpark to a great diffance. Beccaria obferved this in a 
line of 250 feet of chain, lying loofely on the ground, 
and confiding of near 6000 links. He thought that it 
employed a full fecond ; but when the chain was gently 
ilretched, the communication feemed inftantaneous. ry 

We cannot help thinking that even the eledirical OMcrvi. 
fnap between two metal knobs is of the fame kind.tions on tkc 

Not a quantity of luminous matter which iffues from (
e,le<^nC 

the one and goes to the other, but a light that is ex- *a 

cited or produced in different material interjacent par- 
ticles of air or other interpofed matter. The angular 
and fluttering form is quite incompatible with the mo* 
tion of a fimple luminous point. Nay, our chemical 
knowledge here comes in aid, and obliges us to fpecu- 
late about the manner in which this light is produced. 
Whence does it come ? It may be produced by two- 
knobs of ice. We know that water conliils of vital 
and inflammable air, which have already emitted the 
light which made an ingredient of their compolition. 
fhe fpark therefore does not come from the ice. Is 
it then from the air ? If fo, perhaps water is produ- 
ced, or rather fomething elfe, for there is not always 
inflammable air at hand to compofe water. Yet the 
transference of electricity has deeompofed the air, or 
has robbed it of part of its light. The remainder may 
not be water; but it is no longer air- Is not this con- 
firmed by the peculiar fmell which always accompanies 
eleftric fparks? and the peculiar tafte, not unlike the tafte 
felt on the tongue when it is touched by the zinc in 
the experiments on Galvanism ? Even the fine pencil 
of light which flows from a point pofitively eledrified, 
appears through a magnifying glafs to confiil, not of 
luminous lines, but of lines of luminous points. And 
thefe points are of different brilliancy and different co- 
lour, both of which are inceffantly changing. And be 
it farther oblerved, that thefe lines are curves, diver- 
ging from each other, and convex to the axis. This 
circumftance indicates a mutual repulfion, arifing, in all 
probability, from the expanfion of the air. And, laft- 
ly, no fpark nor light of any kind can be obtained in a 
■pace ptrfeCfly void of air. 

All thefe circumfiances concur in explaining the na- 
ture of the fliaft of forked lightning. It is a feries of 
appearances excited in the intervening medium, and 
which produces fome chemical change in it. Thunder, 
when it ftrikes a houfe, always leaves a peculiar fmell. 
Inflammable air has alfo a peculiar and very difagree- 
able fmell. The fmell produced by elearicity greatly ' 
refembles the fmell produced by flriking two pieces of 
quartz together. 

Mr Deluc fuppofes that the eleCtrical fpark, as it is „ . 
exhibited in thunder, is always accompanied by the de-tion^of* ^ 
compofition of air now fo familiarly known, and that thunder not 
t is is the origin of the deluge of rain which commonly probable, 
fimfhes the ftorm. But this is not in the fmalleft de- 
giee probable. The decompofition extends furely no 
farther than where the light is feparated; and we ffiould 
no mere exped a deluge of rain, even if we had inflam- 
rria e air ready at hand, than we expedl drops of water 
m ou* eledtrical experiments. Something different from 

wat^r 



Tender. 

19 , Why and 
how thun- 
der may 

THU 
water follows this decompolition, 
the vital air ; and the water which we do obferve to ac- 
company thunder, is no more than what we ihould ex- 
pedt from the copious precipitation of water in a cloudy 
form. Mr Sauffure's obfer vat ions allure us, that the 
particles of a cloud are veficks. Indeed no perfon 
who has looked narrowly at a fog, or has obferved how 
large the particles are of the cloud which forms in a 
receiver when we fuddenly dimimih the denfity of the 
air, and who obferves how flowly thefe particles defeend, 
can doubt of their being hollow veficles. We cannot 
perhaps explain their formation ; but there they are. We 
can hardly conceive them receiving the commotion 
which accompanied the fnap without collapling by the 
agitation. Perhaps tl#e very ceflation of their eledri- 
city may produce this effed. They will therefore no 
longer float in the air, but fall, and unite, and come to 
the ground in rain. We may exped this rain to be 
copious, for it is the produce of two llrata of clouds- 
It greatly contributes to the putting an end to the 
florm, by pafiiug through the ftrata, and helping to re- 
ftore the equilibrium. 

One may at flrlt exped that a Angle clap of thunder 
will reftore the equilibrium of any extent of clouds, and 
we require an explanation of their frequent repetition 

‘ontm“^ir before this is accomplifhed. This is not difficult, and ««ie time. ^ j8 a confirmation of the above theory, winch is 

confiderably different from the generally received no- 
tions of the fubjed. We confider the ftratum of clear 
air as the charged eledric; pofnive on one fide, and 
negative on the other, and coated with conduding 
clouds. When the discharge is made, the Hate of elec- 
tricity is indeed changed through the whole ftratum, 
but the equilibrium is by no means completed. The 
ftratum is perhaps »quarter of a mile in thicknefs. The 
difeharge does not immediately affed all this; but does 
it fuperftcially, leaving the relt unbalanced. It is like 
the reliduum which is left in a Leyden phial when the 
diicharge has been made by means of a (park drawn at 
a diftance. It is Hill more like the refiduum of the dif- 
eharge of a Leyden phial that is coated only in patches 
on one fide. Each of thefe patches difeharge what is 
immediately under it and round it to a certain fmall 
diftance, but leaves a part beyond this ftill charged. 
This redundant eledricity gradually diffufes itfelf into 
the fpaces juft now difeharged ; and, after fome coufl- 
derable time has elapfed, another difeharge may be 
made. In like manner, the eledricity remaining in the 
interior of the ftratum diffufes itfelf, comes within the 
adion of the coating, and may be again difeharged by 
a clap of thunder. We have a ftill better parallel to 
this in Beccaria’s experiments with two or more plates 

. of glafs laid together. After the tirft difeharge, the 
internal furfaces will exhibit certain eledricity. Lay 
the plates together, and, after fome time, the eledricity 
of the inner furfaces will be different, and another dif- 
eharge may be obtained. 

Magnetifm affords the beft illufti ation of this. If a 
magnet be brought near a piece of foft iron, lying be- 
low a paper on which iron filings are lightly ftrewed, 
it will inftantly induce a north pole on one end and a 
fouth pole on the other; and this will be diftindly ob- 
feived by the way in which thefe filings will arrange 
themfelves. But if, inftead of foft iron, we place a bar 
of hard tempered fteel, the fouth pole will be but a 
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total or partial, of fmall matter removed from the north pole ; but by con- 

tinuing the magnet long in the fame place, the diftribu- 
tion of magnetifm in the piece of Lard fteel will gra- 
dually advance along the bar, and after a long time the 
neutral point will be almoil in the middle of the bar, 
and the fouth pole will be at the farther end. See 
Magnetism, in this Suppl. 

Thunder. 

We faid that the clouds were the ufual feenes of the Moft thun- 
violent cledi ic phenomena. We imagine that the great-^ 
eft part of the thunder ftrokes which have been felt turn1ng 
have been of the kind which Lord Mahon, now Lord strokes. 
Stanhope, calls the returning ftroke. If two clouds A 
and B are incumbent over the plain a and b; and ifA+ —-B 
A be poluive and B negative, the earth will be main-   
tained in a negative ftate at a, and a poinive ftate eX b.a— 
If the difeharge be now made between the clouds A 
and B, the eleiftricily muft inftantly ru/h up through a 
condu&or at a, and down through one at b, and each 
place will have a ftroke. The lame thing will happen 
if the negative cloud B is above the politive cloud A, 
but not in fo great a degree ; for the negative ele&ri- 
city at a will now be much lefs than in the other 
cafe, becaufe it is induced only by the prevalence of 
the pofitive cloud A over the more remote negative 
cloud B. 

This returning ftroke explains, much better than we 
can by any dire^i ftroke, the capricious effedls of thun- 
der. A perfon at Vienna received a terrible fhock by 
having his hand on a thunder-rod during a violent ex- 
plofion which he law above three miles diftant. Sparks 
are obferved at thunder-rods at every the moft diftant 
flafh of lightning. 21. r. 

Beccaria has a different theory of thunder. He 
gines that the different parts of the earth arc in diffe-thunder 
rent ftates of eleciricity, and that the clouds are the not juft, 
reftoring condu&ors. But this does not accord with 
what we know of eleCfricity. The earth is fo good a 
condu&or, that Dr Watfon could not obferve any time 
loft in communicating the eleftricity to the diftauce of 
more than four miles. It is very true, that the earth 
is almoit always in a ftate of very unequal, and even 
oppoflte, eleCIricity in its different parts ; but this 
arifes from the variety of clouds ftrongly eleClritied in 
the oppofite way. This induces eleCfricity, or difturbs 
the natural uniform diffufion of eledfricity, juft as the 
bringing magnets or loadllones into the neighbourhood 
of a piece of iron, without touching it, renders it mag- 
nctical in its different parts. While they continue in 
their places, the piece of iron will be magnetical, and. 
differently fo in its different parts. 

Such are the thoughts which occur to us on this 
fubjeCL But we by no means affirm that we have 
given a full account of the procedure of Nature ; we 
have only pointed out fcveral neceffary confcqucnces of 
the known laws of electricity, and of its production in 
the atmofpbere by means of natural operations which are 
continually going on. Thefe mujl operate, and pro- 
duce an eleCtrical ftate of the atmofphere greatly refem- 
bling what we obferve: and we have fhewn, from the 
acknowledged doCtrine* of eledtricity, how this want of 
equilibrium may be removed, and muft be removed, by 
the fame operations of Nature. The equilibrium muft 
be reftored by means of the conducting coating furnilh- 
ed by the clouds. But thefe may be the leaft confider- 
able of Nature’s refources j and the fubjeCt is ftill an 

unexplored 
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unexplored field, in the examination of which we may 
hope to make great progrefs, in confequence of our 
daily increafing knowledge of the chemical date of the 
atmofphere. 

Knowledge is valuable chiefly as it is ufeful. No 
" man ever law the propriety of this apothegm more 

Itrongly than Dr Franklin, or more aificiuoufly adhered 
to it in the courfe of a long and iludious life. How- 
ever greatly we may admire his fagacity, penetration, 
and logical diferimination, in the difeoveries he has 
made in tiie fcience-of electricity, and his difeovery of 
the identity of electricity and thunder, we mull acknow- 
ledge infinitely greater obligations to him for putting it 
in our power to ward off the fatal, and formerly inevi- 
table llroke, of this awful agent in the hands of Na- 
ture. 

Dr Franklin confiders the earth ,as performing the 
office of a conductor in reltoring the eleCtric equili- 
brium of the atmofphere, which has been dillurbed 
by the iuceffant aCtion of the unwearied powers of Na- 
ture. 

He obferves that the ufual preference will be given 
to the belt conductors. In this refpeCt, a metal rod far 
furpafles the brick, done, timber, and other materials 
which compofe our buildings, efpeciaiiy when they are 
dry, as is ufually the cafe in the thundery feafon. Fie 
therefore advifes us to place metalline conductors in the 
way of the atmofphencal electricity, in thofe places 
where it is mod likely to drike, and to continue them 
down to the moiit earth, at fome depth under the lur- 
tace. Nay, as it has been found that thunder has not 
in every indance llruck the highed parts of buildings, 
he advifes to raife the metalline conductors to fome con- 
iiderable height above the building, the more certainly 
to invite the electricity to take this courfe. 

To enfure fuccels, he obferves that the eleCtrical 
fliock dilfipates water, and even metalline conductors, 
when too fmall. He therefore adviles to make the 
conductor at lead half an inch fquare, none of that fize 
having ever been dedroytd, though fmaller have, by 
the thunder; yet even thefe had conducted the thun- 
der to the ground with perfed fafety to the building. 

No part of a conductor mud terminate in the build- 
ing j for the eleCtricity accumulates exceedingly at the 
remote extremities of all long rods, and tends"to fly off 
with great force, efpeciaiiy if another condudor is near. 
'Hus aids the accumulation, by acquiring at its upper 
end an eledricity oppoiite to that of the lower end of 
the other: and this effed, produced by the influence 
of a politive cloud, makes the upper and negative end 
of the lower portion of a divided condudor draw more 
electricity to the lower end of the up^er portion. This 
redundant eledricity, ftrongly attracted by the nega- 
tive lower portion, flies off with great violence through 
the air; or if furrounded with any matter capable of 
converfion into elaltic vapour by heat, burfts it with ir- 
refiftibie torce. I hus the thunder, acting on the vane 
Ipindle of St Bride’s Iteeple in London, iprung from its 
lower end to the upper end of an iron window bar, and 
built the Hone in which it was fixed, by expanding the 
moifture into fleam. In like manner it burll the flone 
at the lower end of this bar, to make its way to an iron 
cramp which conneded the oppofite fides of the fteeple ; 
iiom this it ftruck to another cramp; and fo from 
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cramp to cramp, till it reached the gutter-leads of the Thunutr, 
church, burlling and throwing off the flonework in —~v~" ^ 
many places. 

Ail interruptions muft therefore be carefully avoided, 
and the whole muft be made as much as poffible one 
continued metal rod. 

1'artner, Dr Franklin, obferving the Angular property 
which fliarp points poflefs of drawing off the eledricity 
in filence, advifes us to hnilh our conductor with a fine 
point of gilt copper, which cannot be blunted by ruft. 24 

But as thus railing the condudor, and pointing it} *sthe thun- 
are fo many invitations to the thunder to take this‘1Jr™d

|
aa 

courie : and as we cannot be certain that the quantity and lafe 
thus invited may not be more than what the rod cancontri- 
condud with fafety—it has appeared to Dr Wilfon, and valice? 
other able electricians, that it will be fafer to give a- 
buudance of condud to what may unavoidably viiit us, 
without inviting what might otherwife have gone harm- 
lefsly by. 

This was attentively confidered by Dr Franklin, Dr 
"Watfon, Mr Canton, Dr Willon, and others, met as a 
committee of the Royal Society, at the defire of the 
Board of Ordnance, to contrive a condudor for the 
powder magazine at Purfleet. 

\\ e think that the theory of induced eledricity, 
founded on Dr Franklin’s difeoveries, and confirmed 
by all the later inventions of the eledrophorus, conden- 
fci, &c. will decide this queftion in the moil fatisfadory 
manner. 

When a cloud pofitively elednfied comes over a Scientific 
building, it renders it negatively eledrical in all its ^count of 
Pa'ts, it of conducting materials, and even the groundt!’e/fate of 

on which it Hands. This effect is more remarkably induced ra 
produced if the ftrudnre is of a tall and (lender fhape, a building 
like a fteeple or a rod. i herefore the external eledri- a 

cical fluid is-attraded by the building with greater forceder cloud’ 
than if it had confided of materials lefs conductive. A 
dilcharge will therefore be made through it in prefe- 
rence to any neighbouring building, becaufe it is more 
eminently negative. For the fame reafon, if there are 
two buildings equal and limilar, one of them being a 
good conductor, and the other being a lefs perfed one, 
the perfect conuudor, becoming more powerfully nega- 

the cloud will become more ftrongly pofitive over 
this houle than over the other, and the ftioke will be 
made through it. ^ 

. ^ *.arne thing muft obtain in a perfed condudor con- And on the 
tinned from the top to the foundation of a houfe, built th,:nfler 
of worfe conduding materials. The condudor becomingrcd* 
more eminently negative than any other part of the 
building, the eledric fluid will be more ftrongly attracted 
by it, accumulated in its neighbourhood, and will all be 
difeharged through it, fo long as it is able to condud. 

If the building is of great extent, the proximity of 
one part of the building to the thunder cloud may pro- 
duce an accumulation of eledrical fluid in its neigh- 
bourhood, in preference to a more perfed, but remote, 
condudor. But when the diftances from tlie cloud are 
not very unequal, ttie accumulation will always be in 
the neighbourhood of the perfed condudor ; and this 
will determine the difeharge that way. The accumula- 
tion in the neighbourhood of the rod will be fmall in- 
deed, when the rod is fmall; but then it is denfe, and 
t ic whole of eledric phenomena Ihew that it is the 

.denfity,. 
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Thunder.' denfity, and not the quantity, of accumulation which 

produces the violent tendency to fly off: it is this alone 
which makes it hnpofuble to confine ele&ricity in a 
body which terminates in a lharp point. 

For the fame reafon, bodies of the fame materials and 
fhape will increafe the accumulation in the adjoining 
part of the cloud in proportion as they are nearer to it, 
or more advanced beyond the relt of the building. 

And bodies of flender fliape, and pointed, will pro.- 
duce this accumulation in their neighbourhood in a ftill 
more remarkable degree, and determine the courfe of 
the difcharge with itill greater certainty. 

But it is evident that a metallic rod, no higher than 
the rell of the building, may occafion an accumulation 
in the adjoining part of a near thunder cloud fufficient 
to produce a difcharge, when the building itfelf, con- 
fining of imperfeft conduftors, vyould not have provo- 
ked the difcharge at all. It may therefore be doubted 
whether w’e have derived any advantage from the con- 

17 duftor. 
Effect of all To judge properly of this, we mull confider houfes 

tiona^theas rea% are* confiding of different materials, in 
conductor. very different fhapes and fituations; and particularly as 

having many large pieces of metal in their conilruction, 
in various pofitions with regard to the cloud, the ground, 
and to each other. Suppofe all the red of the build- 
ing to be of non-conduding materials. When a poli- 
tive thunder cloud comes overhead, every piece of me- 
tal in the building becomes ele&rical, without having 
received any thing as yet from the cloud ; that end of 
each which is neared the cloud becoming negative, and 
the remote end pofitive. But, moreover, the ele&ricity 
of one inercafes the electricity of its neighbour. Then 
the mod elevated becomes more drongly attradive at 
its upper end than it would have been had the others 
been away ; and therefore produces a greater accumu- 
lation in the nearer part of the thunder cloud than it 
would otherwife have done, and it will receive a fpark. 
By this its lower end becomes more overcharged, and 
this makes the upper end of the next more underchar- 
ged, and the fpark is communicated to it, and fo on 
to the ground ; which would not have happened with- 
out this fuccefiion of condudors. Thus it is eafy to 
conceive, that the accumulation in the cloud is juft in- 
iufficieut to produce a dilcharge—While things are in 
this flate, juft ready to fnnp, fliould a man chance to 
pafs under a bell wire, or under a luftre hanging by a 
chain, his body will immediately augment the pofitive 
eledrlcity of the lower end of the condudor above him, 
and thus wull augment the negative eledricity of its up- 
per end. This again will produce the lame efted in 
the condudor above it : and thus each condudor be- 
comes more overcharged at its lower end, and more un- 
dercharged at the upper end. Before this, every thing 
was juft ready to fnap. All will now ftrike at once. 
The cloud will be diicharged through the houfe, and 
the man will be the facrifice, the whole difcharge be- 
ing made through his body. This needs no demonftra- 
tion for any well-informed eledrician. Thofe who have 
only fuch a knowledge of the theory as can be gathered 
from the writings of Frieftley, Cavallo, and other po- 
pular authors, may convince themfelves of the truth of 
what is here delivered in the following manner. 

In dry weather, and the moft favourable circumftan- 
tes for good eledrical experiments, let a very large 

globe, fmoothly-covered with metal, and well infulated, Thunden 
be as highly eledrified as pofiible, without expofing it ”v 

to a rapid diflipation. To enfure this circamftance 
(which is important) let it be eledrifitd till it begins 
to fputter, and note the ftate of the eledrometer. Dif- 
charge this eledricity, and elcdiify it to about half of 
this intenfity. Provide time or four infulated metal 
condudors, about three inches long and an inch diame- 
ter, terminated by hemifpheres, and all well polifhed. 

Having eledrified the globe, as above direded, bring 
one of the infulated condudors flowly up to it, and 
note its diftance when it receives a fpark. In doing 
this, take care that there be no conducting body near 
the remote end of the infulated condudor. It will he 
belt to pufh it gradually forward by means of a long 
glafs rod. Withdraw the condudor, difeharge its elec- 
tricity, reftore the globe to its former eledricity, indi- 
cated by an eledrometer, and repeat this experiment 
till the greateft linking diftance is exadly difeovered. 
Now fet another of the ini'ulated condudors about halt 
an inch behind the firft, and pufh them forward toge- 
ther, by a glafs rod, till a fpark is obtained. The ftri- 
king diftance will be foiuid greater than before. I hen 
repeat this laft experiment, with this difterence, that 
the two condudors are puftied forward by taking hold 
of the remote one. The flriking diftance will be found 
much greater than before. Daftly, pufh forward the 
two condudors, the remote one having a wire commu- 
nicating with the ground, till they are a fmall matter 
without the ftriking diftance ; and, leaving them in this 
fituation, take any little conduding body, fuch as a 
brafs hall fixed on the end of a glafs rod, and pafs it 
brifkly through between the globe and the neareft con- 
dudor, or through between the two condudors, taking 
care that it touch neither of them in the paflage. It 
will he feen that, however fwift the paflage is made, 
there will he a difcharge through all the four bodies. 
The inference from this is obvious and demonftrative. 

A very remarkable inftance of this fad was feen at 
the chapel in Tottenham Court Road, London. A 
man going into the chapel by the eafl door, was killed 
by the thunder, which came down from the little hill- 
houfe, along the hell-wire, and the rod of the clock 
pendulum, from the end of which it leaped to fome iron 
work above the door, and from thence, from nail to 
nail, till it reached the man’s head. 

This interruption of condud, which is almoft Una- 
voidable in the conllrudion of any building, is the caufe 
of moft of the accidents that are recorded ; for when 
the ends of thofe communicating condudors are inclo- 
fed in materials of lefs coududing power, the tied licit y, 
in making its way to the next in a very denfe ilatc, ne- 
ver fails to explode every thing which can be converted 
into elaftic vapour by heat. There is always a fuffi- 
cient quantity of moillure in the (lone or brickwork for 
this purpofe ; and moft vegetable fubflances contain 
moifture or other expanfible matter. The ftone, brick, 
or timber, is burfl, and thrown to a confiderable dillance; 
or if kept together by a weight of wall, the. wall is 
fhattered. It is worth remarking, that although no 
force whatever feems able to prevent this explolion, the 
quantity of matter exploded is extremely fmall; for the 
ftones are never thrown to a greater diftance than they 
would have been by two or three grains of gunpowder 
properly confined. 

AH 
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AH thefe accidents will he prevented by giving a fuf- 

ficient uninterrupted conduct; and it is proper to make 
ufe of fuch a conductor, although it may invite many 
difcharges which would not otherwife happen. So 
long as the conductor is fufficient for the purpofe, there 
feems to be no doubt of the propriety of this maxim. 

But the moft ferious objection remains. As we are 
certain that thefe conductors, whether vaifed above the 
building or not, will produce difcharges through them 
which otherwife would not have happened, and as we 
are quite uncertain whether the quantity contained in a 
thunder cloud may not greatly exceed w hat the thun- 
der rod can conduct without being dilfipated in fmoke, 
it feems very dangerous thus to invite a (Iroke which 
our condudor may not be able to difeharge. In par- 
ticular, it is reafonable to believe that the ftrata of 
eleCtrified clouds which come near the earth lofe much 
«f their eleCtricity by pafiing over the (harp points of 
trees, &c. while thofe which are much higher may re- 
tain their eleCtricity undiminilhed, and pafs on. - May 
it not therefore happen, that our conductor will invite 
a fatal ftroke, which wmuld have gone harmlefs by ? 

The doubt is natural, and it is important. 
Let us fuppofe a very extenfive and highly eleCtri- 

iied cloud, in a pofitive ftate, to come within fuch a di- 
ftance from a building as juft not to Jlrike it, if un- 
provided with a conductor, but which will moft cer- 
tainly {trike the fame building furniftied with a con- 
ductor ; and let the eleCtricity be fo great that the 
conductor (hall be diflipated in fmoke before even a 
fmall part of it is drfeharged—What will be the fate of 
the building ? We believe that it will be perfectly 
fa fie. 

However rapid we may fuppofe that motion by which 
eleCtricity is communicated, it is ftill motion, and time 
elapfes during the propagation. The cloud is* difehar- 
ged, not in a very inftant, but in a very fhort time. 
Part of the cloud is therefore difeharged, while it ex- 
plodes the conductor, and the eleCtricity of the remain- 
der is now too weak (by our fuppofition) to ftnke the 
building no longer furnifhed with a conductor. This 
muft be the cafe, however large and powerful the cloud 
may be, and however fmall the conductor. 

But fuppofe that the cloud has come fo near as to 
ftrike the building unprovided with a conductor. Then 
as much will be difeharged through the building as it 
can conduCt; and if the quantity be too great, the 
building will be deitroyed : but let a conduftor (tho* 
infufficient) be added. The difeharge will be made 
through it as long as it lails, and the remainder only 
will be difeharged through the houfe, furely with much 
lefs danger than before. 

The truth of thefe conclufions from theory is fully 
verified by fad. When the church of Newbury in New 
England was {truck by lightning in 1755, a bell wire, 
no bigger than a knitting needle, conducted the thun- 
der with perfeCl fafety to the building as far down the 
fteeple as the wire reached, though the ftroke was fo 
great that the wire had been exploded, and no part of 
it remained, but only a mark along the wall occafioned 
by its tmoke. From the termination of the wire to the 
ground the fteeple was exceedingly {battered, and {tones 
of great weight were thrown out from the foundation 
(where they were probably raoifter) to the diftance *f 
20 and 30 feet. A, 

] THU 
Another remarkable inftance happened in the fum- Ttiun4aK 

tner palace at St Peterlburg. A Heyduk and a foldier "Y— 
of a foot regiment were Handing centinels at the door 
of the jewel-chamber : the Heyduk, with his feimitar 
refting on his arm, was carelefsly leaning on the foldier, 
who had his mulket fhouldered. Both were {truck 
down with lightning ; and the foldier was killed, his 
left leg fconched, and his fhoes burft. The Heyduk 
had received no damage, but felt hrmfelf tripped up, as 
if a great dog had run againft him. A narrow flip of 
gold lace, which was fewed along the Team of his jacket 
and pantaloon breeches, reaching to his flioes, had been 
exploded on the left fide. This feems to have been his 
protection. In all probability, the ftroke came to both 
along the mulket (or perhaps to the Heyduk along the 
feimitar). The Heyduk had a complete, though in- 
fufficient, conduCtor, and was fafe. The foldier had 
not, and was killed. The pufli felt by the former pro- 
bably arofe from the explofion of the lace. 

It feems therefore plain that metalline conductors 
are always a protection ; that advancing them above 
the building, increafes their protection; and that point- 
ing them may fometimes enable them to diminifh a 
ftroke, by difeharging part of the eleCtricity filently. 

Dr Franklin having formed all his notions of thun- 
der from his pre-eftablilhed theory, and having feen the 
principal phenomena fo conformable to it, was natu- 
rally led to expeCt this conformity in cafes which he 
could not eafily examine precifely by experiment. Ac- 
cordingly in his firft diflertation, he affirmed that a 
fine point always difcharges a thunder cloud filently, 
and at a great diftance. The analogous experiments in 
artificial eleCtricity are fo beautiful and fo perfpicuous, 
that this confidence in the protecting power of fine 
points is not furprifing : and this confidence was ren- 
dered almoft complete by a moft Angular cafe which 
fell under his own obfervation. He was awakened one 
night by loud cracks in his ftair-cafe, as if feme perfon 
had been ladling the wainfeoating with a great horfe- 
whip. He thought It fo, and got up in anger to chide the 
idle fool. On looking out at his chamber door, he faw 
that the dillnrbance proceeded from eleCtric explofions 
at fome interruptions of his conductor. He faw the 
eleCtricity pafs, fometimes in bright fparks, producing 
thofe loud thwacks, and fometimes in a long continued 
Itream of denfe white dazzling light as big as his finger, 
illuminating the ftair-cafe like funfhine, and makinga loud 
noife like a cutler’s wheel. Had the cloud (fays he) re- 
tained all this till it came within ftriking diftance, the 
confequences would have been inconceivably dreadful. 
Yet not long after this he found that he had been in a 
miftake ; for the houfe of Mr Watt in Philadelphia, fur- 
niflied with a finely pointed conductor, was (truck by 
a terrible clap of thunder, and the point of the con- 
ductor was melted down about tw'o inches. This is 
perhaps the only inftance on record of a finely-pointed 
condudor being {truck. The board room at the pow- 
der magazine at Purfleet was indeed ftrnck, though 
piovided with a conductor ; but the ftroke was through 
another part of the building. St Peter's church, Corn- 
hill, has been eight times {truck between 1772 and 
17®7 5 while St Michael’s, in its neighbourhood, and 
much higher, has never had a ftroke fince 1772, when 
it was furniffied with an excellent pointed condudor by 
Mr Nairne. 1 

Dr 
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Dr Franklin having feen the above exception to his 

rule, and refle&ed on it, acknowledges that there are 
cafes where a pointed conductor may be ftruck, viz. 
when it ferves as a ttepping {lone, to complete a canal of 

rnay fome- conveyance already near completed. A /mail cloud 
times be 
[brack. 
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may fometimes ferve as a itepping (lone (like the man 
coming under a luftre) for the eie&ricity to come out 
of a great cloud, and difcharge through the pointed con- 
ductor. Whenever it comes to the {hiking didance 
from the condn&or, it will explode at ohee : whereas 
the great cloud itfelf mult have come nearer, and had its 
force gradually dimini/hed. it is remarkable that a point, 
employed in this way in artificial eledtricity, muit be 
brought nearer to another body than a ball need be, 
before it can receive a llroke. The difference is about 
one third of the whole. Nairne found, that a ball one 
nine-tenths inches in diameter, exploded at the diftance 
of nine inches, and a point at fix inches ddlance. 

We muft alfo obferve that a pointed condudlor can 
have no advantage over a blunt one in the cafe of a re- 
turning ftroke ; which is perhaps the mod common of 
any. This depends on another difcharge, which is made 
perhaps at a great didance. This was mod diltinCtly 
the cafe in the indance mentioned fome time ago, of 
the perfon at Vienna who had a fhock from a thunder 
rod by an explofion far didant. This thunder rod was 
a very fine one, furniihed with five gilt points 

Still, however, this property of {harp points was great- 
ly over-rated by Dr Franklin, and thole who took all 
their notions of ele&rieity from the fimple difeoveries 
of his fagacious mind. Unfortunately Dr Franklin had 

:ondudlors. not cultivated mathematical knowledge ; and, ever ea- 
ger after difeovery, and ardent in all his purfuits, his 
wonderful penetration carried him through, and feldom 
allowed him to red long on falfe conclu lions. He was 
certainly one of the gre&taft. philojophers ; and a little e- 
rudition would perhaps have brought him fide by fide 
with Newton. It was relerved, however, for Lord C. 
Cavendifh and for iEpinus, to fubjedt the inveftigations 
of Franklin to number and meafure. By dudying what 
they have written on the fubjedl, or even the view which 
we have given of their theory in the article .Electri- 
city (Suppl.), the reader will be fully convinced, that 
a point has little or no advantage over a ball, with re- 
fpedt to a thunder cloud which is brought to the thun- 
der rod by a brifk wind ; although, when it comes {low- 
ly up during an almod perfedt calm, it may difcharge all 
that can be difeharged without a fnap. The condipa- 
tion in a point is indeed very great, but the quantity 
condipated is moderate ; and therefore its adiion, at any 
confiderable didance, is but trifling. All this is fully 
verified by Dr Wilfon’s judicious experiments in the 
Pantheon. He had a prodigious quantity of eledlrifi- 
ed furface fufpended there, and made a pointed appa- 
ratus come to its driking didance with a motion which 
he could regulate and meafure. And he found that 
with the very moderate velocity of twelve feet in a fe« 
cond, he never failed of procuring a very fmart droke. 
The experiments made in the ufual way by the parti- 
fans of fiiarp points (for it became a matter of indecent 
party) were numberlefs, and decidedly in their favour. 
The great and jud authority of Dr Franklin, who was 
one of the committee, procured them dill more confi- 
deration, or at lead hindered people from feeing the 
force of Dr Wilfon's reafoning. It is fomewhat fur« 

Suppl, Vol. II. Part II. 

prifing, that Dr Wilfon, a lover of mathematical learn- Thunder, 
ing, and a good judge, as appears from his publication ——v—^ 
of the papers of Mr Robins, did not himfelf fee the full 
force of his own experiments. He had not furely du- 
died either iEpinus or Cavendilh. He indeed frequent- 
ly fays, that the date of the eledlricity in a thundercloud, 
and in coated glafs, is exceedingly different; and that the 
fird extends its fenfible influence much farther than ^he 
lad, when both have the fame quantity of eledtricitv. 
But he feems not to have formed to himfelf any ade- 
quate notion of the difference. Had he done this, he 
would have feen that he has difpofed his great electri- 
fied furface very improperly. It (hould have been col- 
ledted much nearer his pointed apparatus, that this 
might, if pofiible, have been within the fphere of at- 
tradion of every part of his artificial cloud. He would 
then have found refults, fome of which would have been 
much more favourable to his own general opinion, 
while others would have exhibited the peculiarities of 
the {harp point in a more Ihowy manner than any thing 
we have teen. ^ 

Reafoning from the true theory of coated glafs, we Thunder 
fhall learn that, when the glafs is exceedingly tldn^^^fj^ 
the accumulation of eledricity, or the charge, will becd giaC-T * 
exceedingly great ; while the external appearance, or 
apparent energy, of the eledricity may he hardly fen- 
fible, and will extend to a very fmall didance. Thus, 
a circular plate of coated glafs, fix inches in diameter 
and one-twentieth thick, when eledrified fo as to make 
an eledrometer diverge 50 degrees, contains about 60 
times as much eledricity as a brafs plate, of the fame 
diameter, eledrified to the fame degree ; and thefe two 
will have the fame influence on an eledrometer placed 
at a diftance from them, and will give a fpark nearly at 
the fame didance. The fpark from the coated glafs 
will be bright, and will give a fhock ; while- that from 
the brafs plate will be trifling. The caufe of the equa- 
lity of influence is, that the pofitive eledricity of the 
one fide of the coated glafs is almod balanced by the 
negative eledricity of the other fide, and the unbalan- 
ced part is about -j-^th of the whole. If we now take a 
brafs plate of 46^ inches in diameter, and cledrify it 
to the fame degree with the coated glafs, we {hall find 
that it will require the fam£ number of turns of the ma- 
chine to bring it to this date, or co charge the coated 
glals. They contain the fame quantity of eledricity, - 
and the fpark of both will give the fame {hock. But 
this large plate will have a much wider influence ; a 
perfon coming within ten feet of it will fee his liair bend 
towards it, and feel like a cobweb on his face. ^ 

It may be farther demonilrated that the power of And the 
a point to abllrad the eledricity to a given degree from influence of 
the large plate, is vallly fmaller than its power to ab-^ai?T01"18 

drad it to the fame degree from the coated plate. This'5 n lU^’ 
is different in the different degrees of the abdradtion, and 
cannot be exprefled by any one number. 

All thefe confiderations taken together, {hew us that 
the pointed condudor has little advantage over the ball 
in the circumdance above-mentioned. It has, however, 
an advantage, and therefore ffiould be employed ; and 
in the cafe of a calm, or very gentle progrefs of the 
thunder cloud, the advantage may be very great. 

Thus we think the quedion decided ; and the only 
remaining confideration is the quantity of metallic con- 
dud that (hould be given. Prudence teaches us not to 
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Thunder fpare, efpecially in very lofty buildings. Ihe conduc- 

H. tor on the dome of St Paul’s in London confills of four 
^Tiberias. .rQn ^rapS) eac^ four ,'nghes broad and one half an inch 

33 thick. This condu&or was once made red hot by a 
An exten- thunder ftroke. No inftance has been found of a rod 
live and one-half an inch fquare being exploded. The accident 

rnetauine at Mr Watt*s houfe in Philadelphia is curious. The 
conducftor brafs wire which terminated the rod had been ten inches 
is the chief Jong and ofte-fourth thick at the bafe, and two one-half 
fecurity. inches were melted. It was unable, therefore, to con- 

duft that llroke when its diameter was lefs than one- 
lixteenth of an inch. 

We recommend lead or copper in preference to iron. 
Iron waftes by ruft, and by exfoliating retains water, 
which may be dangerous by its expanfion. A Itrap of 
lead, two inches broad and one-fourth thick, ftapled 
down to the roof or wall with brafs llaples, fecures us 
From all rifks from negleft. An iron rod, or one faf- 
tened with iron cramps, requires frequent infpeftion, to 
fee that nothing has failed or waited by rull. The 
point or points fhould furely be copper. It would be 
very proper to conneil all the leads of the ridges, gut- 
ters, and fpouts, with the conductor, by llraps of lead. 
This will greatly extend its prote&ion. 

A great extent of building is not fufficiently fecured 
by one condu&or. And a powder magazine fhould have 
fame ere&ed round it at a dillance on mails. 

Maxims in a Thunder Storm. 

Avoid being under trees—but be near them: do not 
avoid rain. When in a room, avoid the fire-fide, which 
would bring you into the neighbourhood of the higheil 
part of the houfe, viz. the Hack of chimneys. The bell- 
wire, the grate, the lire irons—are bad neighbours. Nay, 
the foot of the chimney is not a good one, efpecially if 
it has ever caked together by burning (a). Go to 
the middle of the room, and fit down, if not near a 
luilre, or any thing hanging from the ceiling. Avoid 
mirrors, or gilded mouldings. 

Thuvdek Clouds, in phyfiology, are thofe clouds 
which are in a date fit for producing lightning and 
thunder. See the preceding article. 

THUS, in fea language, a word ufed by the pilot 
in dire&ing the helmfman or fteerfman to keep the fhip 
in her prefent fituation when failing with a fcant wind, 
fo that (he may not approach too near the dire&ion of 
the wind, which would fhiver her fails, nor fall to lee- 
ward, and run farther out of her courfe. 

TIBERIAS (anc. geog.), the lalt town of Gallilee, 
lituated on the fouth fide of the lake Tiberias ; built by 
Herod the Tetrarch, and called Tiberias in honour of 
the Emperor Tiberius; diftant 30 ftadia from Hippus, 
60 from Gadara, and 120 from Scythopolis: whence 

TIL 
it appears to have been at no great diftance from where Tierrade] 
the Jordan runs out of the lake. It is a number of ^Uego, 
times mentioned by St John the Evangelilt. Pliny places 
it on the weft- extremity of the lake, commending the 
falubrity of its hot waters. Jerome fays, the ancient 
name was Chennereth ; which, if true, will account for 
the name of the lake. 

TIERRA del Fuego, feveral iflands at the fouth- 
ern extremity of America. They take their name from 
a volcano on the largeft of them. They are all very 
barren and mountainous; but from what Mr Forfter 
fays, in his Voyage to the South Sea, the climate does 
not appear to be fo rigorous and tempeftuous as it is re- 
prefented in Anfon’s Voyage. Upon the lower grounds 
and iflands, that were iheltered by the high mountains, 
Mr Forfter found feveral forts of trtes and plants, and a 
variety of birds. Among the trees was Winter’s bark- 
tree, and a fpecies of arbutus, loaded with red fruit of the 
fize of fmall cherries, which w^ere very well tailed. In 
fome places there is alfo plenty of celery. Among the 
birds was a fpecies of duck, of the lize of a goofe, which 
ran along the fea with amazing velocity, beating the 
water with its wings and feet. It had a grey plumage, 
with a yellow bill and feet, and a few white quill fea- 
thers. At the Falkland iflands it is called a loggerhead- 
duck. Among the birds are alfo plenty of geefe and 
falcons. The rocks of fome of the iflands are covered 
with large mufcle-lhells, the filh of which is well-fla- 
voured. The natives of this country are fhort in their 
perfons, not exceeding five feet fix inches at molt, their 
heads large, rfieir faces broad, their cheek bones promi- 
nent, and their nofes flat. They have little brown eyes, 
without life ; their hair is black and lank, hanging a- 
bout their heads in diforder, and befmeared with train- 
oil. On the chin they have a few ftraggling fhort hairs 
inftead of a beard. The whole afiemblage of their fea- 
tures forms the moft loathfome pi&ure of mifery to 
which human nature can poflibly be reduced. Thofe 
which Mr Forfter faw had no other clothing than a 
fmall piece of feal-fkin, which hung from their fhoulders 
to the middle of their back, being faftened round the 
neck with a firing : the reft of their body w-as perfe&ly 
naked. Their natural colour feems to be an olive brown, 
with a kind of glofs, rtfembiing that of copper ; but 
many of them difguife themfelves with ftreaks of red 
paint, and fometimes, though feldom, with white. Their 
wdiole chara&er is a ilrange compound of ftupidity, in- 
difference, and ina&ivity. They have no other arms 
than bows and arrows; and their inftruments for fifh- 
ing are a’kind of fifh-gigs. They live chiefly on feals 
flefh, and like the fat oily part moft. There is no ap- 
pearance of any fubordination among them ; and their 
mode of life approaches nearer to that of brutes than 
that of any other nation. 

TILLANDSIA, the large barren wild pine of 
thct 

(a) In the terrible thunder ftroke on Leven Houfe in Scotland, the two great ftreams of eleftricity had ta- 
ken the courfe of the vents which had been moft in ufe, but not to get at the iron work, for it had branched 
off from the vents, at a great diftance from the bottom. The chief condu&ors through the building had been 
various gilded mouldings, gilded leather hangings, gilded fkreens, pi&ure frames, and the foil of mirrors. In this 
progrefs the fteps have been fo many, and fo capricious, that no line of progrefs can be traced, according to 
any principle. The thunder feems to have ele&rified at once the whole of the leaden roof, and, befides the 
two mam tracks along the vents, to have afterwards darted at every metal thing in its way. The loweft point 
ot the track was a leaden water ciftern 5 wluch, however, received no damage : but a thick ftone wall waa burft 
through to get at it. 
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rili^dAa the Weft Indies; a genus of the monegynia order, he- 
- li longing to the hexandria clafs of plants. It is called 
Turning. Qaragatua by Father Plumier, and is a parafitic plant, 

and,ought perhaps, in ftrift propriety, to be denomina- 
ted an aquatic: for although it is fufpended in the air 
among the branches of loity trees, to whole boughs it 
is fattened by its numerous roots ; yet it is not indebt- 
ed to thofe boughs, like the milletoe and other parahtic 
plants, for nouriihment, but merely for fupport ; pro- 
vident Nature having, in a very extraordinary manner, 
fppplied this with other means to preferve its exiftence : 
For the leaves, which much refemble thofe of the pine- 
apple, but are larger, furround this plant in a circular 
manner ; each leaf being terminated near the flalte with 
a hollow bucket, which contains about halt a pint of 
water. It is by thefe numerous fi*all refervoirs ot wa- 
ter that the roots, as well as every other part of this 
plant, are fupplied with nouriihment without the help 
of any earth. The flourifhing condition of this plant, 
as well as the great growth of fig-trees, upon barren 
rocks, (hews that water is of greater uie to vegetation 
than earth. 

One contrivance of Nature in this vegetable, fays 
Dr Sloane, is truly admirable. The feed is crowned 
with many long downy threads, not only that it may 
be carried everywhere by the wind, but that by thofe 
threads, when driven through the boughs, it may be 
held faft, and Hick to the arms and prominent purts of 
the barks of trees. So loon as it fprouts or germinates, 
although it be on the under part of a bough, its leave* 
and ftalks rife perpendicular or ere& : if they affumed 
any other dire&ion, the ciitern or refervoir juft men- 
tioned, made of the hollow leaves, could not hold water, 
which is neceffary to the life and nourifhment of the 
plant. In fcarcity of water this refervoir is ufeful, not 
to the plant only, but to men, and even to birds and 
ajl forts of infedts, which come thither in troops, and 
feldom go away without refrefliment. 

To the fame purpofe, Dampier, in his voyage to 
Campeachy, relates, “ that the wild pine has leaves that 
will hold a pint and a half or quart of rain-water, which 
refrelhes the leaves, and nourifhes the roots. When we 
find thefe pines, we ftick our knives into the leaves, juft 
above the root ; and the water gufiling out, we catch 
it in our hats, as I myfelf have frequently done, to my 
great relief.,, 

TlMiEUS, a Greek hiftorian, the fon of Andro- 
nicus, who was eminent for his riches and excellent 
qualities, was born at Tauromentum in Sicily, and 
flourifiied in the time of Agathocles. He wrote feve- 
ral books, and among the reft an hiftory of his own 
country ; but they are all loft. 

Tim;eus, a famous Pythagorean philofopher, was 
born at Locres in Italy, and lived before Plato. There 
is ftill extant a fmall treatife of his on. Nature and the 
Soul of the World, written in the Doric dialed!. This 
treatife, which is to be found in the works of Plato, 
furnifhed that great philofopher with the fubjedt of his 
treatife intitled Ttmaus. 

TINNING, the covering or lining of any thing 
with melted tin, or with tin reduced to a very fine leaf. 
Looking-glades are foliated or tinned with thin plates 
of beaten tin, by a procefs deferibed under the title Fo- 
liating, Encycl. 

3 ] TIN 
Kettles, fauce-pans, and other kitchen utenfils, which f'inr“"£’ 

are ufually made of copper, are tinned by the following 
procefs : The furface to be tinned, if of new copper, 
fiiould firft be cleaned or fcoured with fait and fulphu- 
ric acid (vitriolic acid) diluted with water. I his, how- 
ever, is not always done ; fome workmen contenting 
themfelves with fcouiing it with fand perfedlly dry, or 
with fcalcs of iron. Powdered rofin is often ft revved 
over it ; and when the veffel or uteiilil is confiderably 
heated, melted tin is poured into it, and rubbed with 
flax coiled hard over the furface to be coated. I h;s 
tin may be either pure, fuch as that known by the name 
of ^rain-tin ; or a corapofition coniifting of two parts 
of tin and one of lead. For very obvious reafons, we 
fliould certainly prefer the pure tin ; but the generality/ 
of w'orkmen give the preference to the competition, be- 
caufe the furface coated with it appears more brilliant. 
The tin is not always put into the veflel in a liquid 
fcate ; for fome workmen firew it in fmall pieces over 
the furface to be coated, and then heat the veffel till 
the tin melt, when they rub it as formerly. 

In tinning old veffels which have been tinned before, 
the procefs is fomevvhat different. In thefe cafes, the 
furface is firft feraped with an inftrument proper for 
the purpofe, or fcoured with the feales of iron, which 
may be always found in a blackfmith’s (hop : it is then 
ftrewed over with fal-ammoniac in powder, inftead of 
rofin, or an infufion of fal-ammoniac in ftale urine is 
boiled in it till the urine be evaporated, and it is then tin- 
ned with pure tin ; the compofition of tin and lead be- 
ing in this cafe never ufed. The tin, while liquid, is 
rubbed into the furface with a piece of fal-ammoniac, 
inftead of a bundle of flax. When iron veffels are to 
be tinned, they are firft cleaned with muriatic acid, af- 
ter which the procefs is the fame as in the tinning of 
old copper. 

In the year 1785, Mr John Poulain of Mortlake, 
Surrey, obtained a patent for the difeovery of a new 
compofition for tinning veffels, efpecially fuch as are 
ufed for culinary purpofes. This compofition conlifts 
of grain-tin one pound, good malleable iron one ounce 
and a half, platinum one drachm, filver one pennyweight, 
gold three grains : the whole muft be well fufed toge- 
ther in a crucible, with one ounce of pounded borax, 
and two ounces of pounded glafs, and then call in fmall 
ingots. The compofition, to be fit for ufe, muft be 
heated and put in a metal mortar, alfo heated over a 
fire, and well pounded with a heated peftle ; when 
it is well pounded, make an ingot of Jt, by putting it 
on the fire in a mould made of iron plate, in which 
mould the compofition muft be well itirred and let to 
cool; then it is fit for ufe. To apply the compofition, 
firft tin the utenfil or veffel with grain-tin and fal am- 
moniac, as is ufually done in tire common wmy of tin- 
ning ; clean well the tinned part of the metal utenfil or 
veffel, and then apply a coat of the compofition with 
fal ammoniac, as is ufually done in the common way-of 
tinning ; and when the compofition is well fpread, let 
it cool; then make it a little red-hot in all its parts, to 
neal it, and plunge the metal utenfil or veffel, while yet 
hot, in cold water ; then, with a (harp feraper, ferape 
and rub off the rough or grumous particles of the com- 
pofrtion applied on the metal utenfil or veffel, and fcour 
it well with fand. The fame operation mull be re- 
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Tinning pcated for every coat of the compofition that is applied; fubordinate divinities Patiyan is pleafed. 

Tipra. t.wo coats compofition are quite fufficient for cu- fimilar to the religious /linary utenfils or veffels, and a thin coat of grain-tin 
may be applied over the lafl coat of the compolition, 
to fmooth it. The author adds, that his compofition 
may be employed for covering or plating the furface 
of all materials made of copper, brafs, iron, and other 
metals or mixtures of metals, and that it fhould be ap- 
plied with a charcoal fire in preference to any other 
fire. All this may be true, and it may be a very va- 
luable coating to copper ; but the fcarcity, high price, 
and iniufibihty of platinum, muft for ever prevent it 
from coming into very general ufe.—We think that 
even the £nj1melling of Vejfels for the Kitchen muft 
be more common. See that article in this Supple- 
ment. 

The following procefs is lefs expenfive, whift the 
coating given by it is exceedingly durable, adds ftrength 
to the copper vefiel, and fecures it much longer than 
the common tinning from the a&ion of acids : 

When the veflel has been prepared and cleaned in the 
ufual manner, it muft be roughened on the infide by 
being beat on a rough anvil, in order that the tinning 
may hold better, and be more intimately connefted 
with the copper. The procefs of tinning muft then be 
begun with perfefUy pure grained tin, having an addi- 
tion offal ammoniac inftead of the common colophonium 
or refin. Over this tinning, which muft cover the copper 
in an even and uniform manner throughout, a fecond 
harder coat muft be applied, as the firft forms only a 
kind of medium for conneiling the fecond with the 
copper. For this fecond tinning you employ pure 
gramed-tin mixed with zinc in the proportion of two 
to three, which muft be applied alfo with fal ammoniac, 
fmooth and even, fo that the lower ftratum may be en- 
tirely covered with it. This coating, which, by the 
addition of the zinc, becomes pretty hard and foil'd, is 
then to be hammered with a fmoothing hammer, after 
it has been properly rubbed and fcoured with chalk and 
Water ; by which means it becomes more folid and ac- 
quires a fmooth compaft furface. 

Veffels and utenfils may be tinned in this manner on 
both fides. In this cafe, after being expofed to a fuf- 
ficient heat, they muft be dipped in the fluid tin, by 
which means both fides will be tinned at the fame 
time. 

As this tinning is exceedingly durable, and has a 
beautiful colour, which it always retains, it may be 
employed for various kinds of metal inftruments and 
vdlels which it may be necelfary to fecure from ruft. 

TINPLATE, called in Scotland IVhite iron, is a thin 
plate of iron covered with tin, to which it is united by 
chemical affinity. See Chemistry, n° 122. Suppl. 

riPRA, tne name of certain mountainous diftri£fs 
to the eaftward of Bengal, inhabited by a people of ve- 
ry Angular manners. As every thing which contributes 
a Angle faft .to the hiftory of human nature is intereft- 
mg to the philofopher, the reader will be pleafed with 
the following account of the religion, laws, and man- 
ners of thefe people, taken from the 2d volume of the 
Sifatic Refearches. , 

Though they acknowledge one Creator of the uni- 
verle, to whom they give the name of Pa'tiyan, they 
be leve that a deity exifts in every tree, that the fun and 
moon are gods, and that whenever they worffiip thofe 

, , This is very 
fimilar to the religious creed of ancient Greece and 
Rome, differing only with refpeft to creation, which, 
in the proper fenfe of the word, the Greeks and Ro- 
mans feem not to have admitted. 

If any one of thefe mountaineers, called in the me- 
moir Cue is, put another to death, the chief of the 
tribe, or other perfons who bear no relation to the de- 
ceafed, have no concern in punifhing the murderer; but 
if the murdered perfon have a brother or other heir, he 
may take blood for blood ; nor has any man whatever 
a right to prevent or oppofe fuch retaliation. 

When a man is dete&ed in the commiffion of theft 
or other atrocious offence, the chieftain caufes a recom- 
pence to be given to the complainant, and reconciles 
both parties ; but the chief himfelf receives a cuftomary 
fine, and each party gives a feaft of pork or other meat 
to the people of his refpeftive tribe. 

In ancient times, it was not a cuftom among them to 
cut off the heads of the women whom they found in 
the habitations of their enemies ; but it happened once 
that a woman afked another, why fhe came fo late to 
her bufinefs of fowing grain ? ffie anfwered, that her 
hufband was gone to battle, and that the neceffity of 
preparing food and other things for him had occafioned 
her delay. This anfwer was overheard by a man at 
enmity with her hulband ; and he was filled with re- 
fentment againft her, confidering, that as fhe had pre- 
pared food for her hufband for the purpofe of fending 
him to battle againft his tribe, fo, in general, if women 
were not to remain at home, their hufbands could not 
be fupplied with provifion, and confequently could not 
make war with advantage. From that time it became 
a conftant pra&ice to cut off the heads of the enemy’s 
women, efpecially if they happen to be pregnant, and 
therefore confined to their houfes ; and this barbarity 
is carried fo far, that if a Cuci afl'ail the houfe of an 
enemy, and kill a woman with child, fo that he may 
bring two heads, he acquires honour and celebrity in 
his tribe, as the deftroyer of two foes at once. 

As to the marriages of this wild nation, when a rich 
man has made a contraft of marriage, he gives four or 
five head of gay a Is (the cattle of the mountains) to the 
father and mother of the bride, whom he carries to his 
own houfe : Her parents then kill the gaydls ; and ha- 
ving prepared fermented liquors and boiled rice with 
other eatables, invite the father, mother, brethren, and 
kindled of the bridegroom to a nuptial entertainment. 
When a man of fmall property is inclined to marry, and 
a mutual agreement is made, a fimilar rqtthod is follow- 
e in a lower degree ; and a man may marry any wo- 
man except his own mother. If a married couple live 
cordially together, and have a fon, the wife is fixed and 
irremovable ; but if they have no fori, and efpecially 
it they live together on bad terms, the hufband may di- 
vorce his wife, and marry another woman. 

They have no idea of heaven or hell, the reward of 

rt-0 * l f °f bad, adlions ; but they pro- fefs a belief, that when a perfon dies, a certain fpirit 
comes and feizes his foul, which he carries away : and 
that whatever the fpirit promifes to give at the inftant 
when the body dies, will be found and enjoyed by the 
dead ; but that if anyone fhould take up the corfe and 
carry it off, he would not find the treafure. 

I fie food of this people confifts of elephants, hogs, 

deer. 
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deer, and other animals ; of which if they find the car- 
cafes or limbs in the forefts, they dry them, and eat 
them occafionally. 

When they have refolved on war, they fend fpies, 
before holb'lities are begun, to learn the ftations and 
ftrength of the enemy, and the condition of the roads ; 
after which they march in the night, and two or three 
hours before daylight make a fudden aflault with fwords, 
lances, and arrows: if their enemies are compelled to 
abandon their ftation, the affailants inftantly put to death 
all the males and females, who a’‘e left behind, and Itrip 
the houfes of all their furniture ; but fhould their ad- 
verfaries, having gained intelligence of the intended af- 
fault, be refolute enough to meet them in battle, and 
fiiould they find themielves overmatched, they fpeedily 
retreat and quietly return to their own habitations. If 
at any time they fee a ftar very near the moon, they 
fay, “ to-night we fhall undoubtedly be attacked by 
fome enemy and they pafs that night under arms 
with extreme vigilance. They often lie in ambufit in a 
foreft^near the path, where their foes are ufed to pafs 
and repafs, waiting for the enemy with different forts 
of weapons, and killing every man or woman who hap- 
pens to pafs by : in this fituation, if a leech, or a worm, 
or a fnake, (hould bite one of them, he bears the pain 
in perfect filence ; and whoever can bring home the 
head of an enemy, which he has cut off, is fure to be 
diltinguifhed and exalted in his nation. When two 
hoftile tribes appear to have equal force in battle, and 
neither has hopes of putting the other to flight, they 
make a fignal of pacific intentions, and, fending agents 
reciprocally, foon conclude a treaty; after which they 
kill feveral head of gayals, and feafl on their flefli, cal- 
ling on the fun and moon to bear witnefs of the pacifi- 
cation : but if one fide, unable to refill the enemy, be 
thrown into diforder, the vanquilhed tribe is confidered 
as tributary to the vi&ors ; who every year receive 
from them a certain number of gayals, wooden difhes, 
weapons, and other acknowledgments of vaffalage. Be- 
fore they go to battle, they put a quantity of roalled 
alus (efculent roots like potatoes), and palle of rice- 
flour, into the hollow of bamboos, and add to them a 
provifion of dry rice with fome leathern bags full of li- 
quor : then they affemble, and Anarch with fuch cele- 
rity, that in one day they perform a journey ordinarily 
made by letter-carriers in three or four days, fince they 
have not the trouble and delay of drefiing vi&uals. 
When they reach the place to be attacked, they fur- 
round it in the night, and at early dawn enter it, put- 
ting to death both young and old, women and children, 
except fuch as they choofe to bring away captive : they 
put the heads, which they cut off, into leathern bags ; 
and if the blood of their enemies be on their hands, 
they take care not to wafh it off. When after this 
(laughter they take their own food, they thruft a part 
of what they eat into the mouths of the heads which 
they have brought away, faying to each of them, “ Eat, 
quench thy thirft, and fatisfy thy appetite ; as thou 
haft been (lain by my hand, fo may thy kinfmen be (lain 
by my kinfmen !” During their journey, they have 
ufually two j^ich meals; and every watch, or two watch- 
es, they fend intelligence of their proceedings to their 
families. When any one of them fends word that he 
has cut off the head of an enemy, the people of his fa- 
mily, whatever be their age or fex, exprefs great de- 
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light, making caps and ornaments of red and black 
ropes; then filling fome large veffels with fermented li- 
qnors, and decking themfelves with all the trinkets they 
poffefs, they go forth to meet the conqueror, blowing 
large fhells, and ftriking plates of metal, with other 
rude inftruments of mufic. When both parties are met, 
they (hew extravagant joy, men and women dancing and 
finging together ; and if a married man has brought an 
enemy’s head, his wife wears a head drefs with gay or- 
naments, the hulband and wife alternately pour ferment- 
ed liquor into each other’s mouths, and fhe wafhes bis 
bloody hands with the fame liquor which they are' 
drinking. Thus they go revelling, with excefiive mer- 
riment, to their place of abode ; and having piled up 
the heads of their enemies in the court-yard of their 
chieftain’s houfe, they fing and dance round the pile; 
after which they kill fome gayals and hogs with their 
fpears ; and having boiled the flefh, make a feaft on it, 
and drink the fermented liquor. The richer men of 
this race fallen the heads of their foes on a bamboo, and 
fix it on the graves of their parents, by which aft they 
acquire great reputation. He who brings back the 
head of a llaughtered enemy, receives prefents from the 
wealthy of cattle and fpirituous liquors ; and if any cap- 
tives are brought alive, it is the prerogative of thole 
chieftains, who were not in the campaign, to ftrike off 
the heads of the captives. Their weapons are made by 
particular tribes; for fome of them are unable to fabri- 
cate inllruments of war. 

In regard to their civil inftitutions; the whole ma- 
nagement of their houfehold affairs belongs to the wo'- 
men ; while the men are employed in clearing forefts, 
building huts, cultivating land, making war, or hunt- 
ing game and wild beafts. Five days (they never rec- 
kon by months or years) after the birth of a male child, 
and three days after that of a female, they entertain 
their family and kinfmen with boiled rice and ferment- 
ed liquor; and the parents of the child partake of the 
feaft. They begin the ceremony with fixing a pole in 
the court-yard ; and then killing ■&. gayal or a hog with 
a lance, they confecrate it to their deity ; after which 
all the party eat the flefh and drink liquor, clofing the 
day with a dance and with fongs. If any one among 
them be fo deformed, by nature or by accident, as to ' 
be unfit for the propagation of his fpecies, he gives up 
all thought of keeping houfe, and begs for his fubfift- 
ence, like a religious mendicant, from door to door, 
continually dancing and finging. When fuch a perfon 
goes to the houfe of a rich and liberal man, the owner 
of the houfe ufually firings together a number of red 
and white ftones, and fixes one end of the firing on a 
long cane, fo that the other end may hang down to the 
ground ; then, paying a kind of fuperftitious homage to 
the pebbles, he gives ahns to the beggar ; after vrhich 
he kills a gayal and a hog, and fome other quadrupeds, 
and invites his tribe to a feaft : the giver of fuch an en- 
tertainment acquires extraordinary fame in the nation, 
and all unite in applauding him with every token of 
honour and reverence. 

When a Cue's dies, all his kinfmen join in killing a 
hog and a gayal; and, having boiled the meat, pour fome 
liquor into the mouth of the deceafed, round whofe 
body they twill a piece of cloth by way of Ihroud: all 
of them tafte the fame liquor as an offering to his foul j 
and this ceremony they repeat at intervals for feveral 

days.. 

Tipra. 



Tifri. 

T I S [70 
Tirfefias, clkys. Then they lay the body on a ftage, and kindling 

a fire under it, pierce it with a fpit and dry it; when it 
is perfectly dried, they cover it with two or three folds 
of cloth, and enclofing it in a little cafe within a cheft, 
bury it under ground. All the fruits and flowers that 
they gather within a year after the burial they fcatter 
on the grave of the deceafed ; but fome bury their dead 
in a different manner ; covering them firft with a fhroud, 
then with a mat of woven reeds, and hanging them on a 
high tree. Some, when the fiefh is decayed, vvafh the 
bones, and keep them dry in a boWl, which they open 
on every fudden emergence ; and, fancying themftlves 
at a confultation with the bones, purfue whatever mea- 
fures they think proper ; alleging that they adt by the 
command of their departed parents and kindfmen. A 
widow is obliged to remain a whole year near the grave 
of her hufband ; where her family bring her food: if 
fhe die within the year, they mourn for her ; if file live, 
they carry her back to her houfe, where all her rela- 
tions are entertained with the ufual feail of the Cticis. 

If the deceafed leave three fons, the eldeft and the 
youngeit fhare all his property ; but the middle fon 
takes nothing: if he have no fons, his efiate goes to his 
brothers ; and if he have no brothers, it efeheats to the 
chief of the tribe. 

TIRESIAS, a famous fobthfayer of antiquity, was 
the fon of Everes and the nymph Chariclo. Phere- 
eydes fays, that Minerva being accidentally feen by Ti- 
refias, as fhe was bathing with Chariclo in the fountain 
of Hippocrene, the goddefs was enraged, and declared 
that he fiiould fee nothing more : on which he inltantly 
loft his fight; but afterwards received from the goddefs 
fuperior endowments. Others fay, that Juno {truck 
him (tone-blind for deciding a cafe between Jupiter and 
her, to her diffatisfadtion ; for which Jupiter gave him 
the faculty of divination : He was the moft celebrated 
prophet in the Grecian annals. Ulyfies is ordered by 
Circe to confult him in the {hades. 

There feek the Theban bard depriv'd of fight, 
Within irradiate with prophetic light. 

But, befides the honour done to him by Homer, 
Sophocles makes him adt a venerable and capital part 
in his tragedy of Oedipus. Callimachus aferibes to 
Minerva the gift of his fuperior endowments ; the pre- 
eminence of his knowledge is likewife mentioned by 
Tully in his firft book of Divination. And not only 
Tireiias is celebrated by Diodorus Siculus, but his 
daughter Daphne, who, like her father, was gifted with 
a prophetic fpirit, and was appointed prieftefs at Del- 
phos. She wrote many oracles in verfe, from whence 
Homer was reported to have taken feveral lines, which 
he interwove in his poems. As fhe was often feized 
with a divine fury, {he acquired the title ofJliyl, which 
fignifies “ enthufiaft.,, She is the firft on whom it was 
bellowed : in aftertimes this denomination was given 
to feveral other females that were fuppofed to be in- 
fpired, and who uttered and wrote their prediaions in 
verfe ; which verfe being fung, their funaion may be 
juftly faid to unite the priefthood with prophecy, poe- 
try, and mufic. 

1 IbRI, or Tizri, in chronology, the firft Hebrew 
month of the civil year, and the 7th of the ecclefiaftical 

° d Oaf II anfwered t0 Part of our September 
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TITHING-Men, are now a kind of petty con- Tithing- 

{tables, eledled by parifines, and fworn in their offices in 
the court leet, and fometimes by juftices of the peace, -pombuc 
&c. There is frequently a tithing-man in the lame too. 
town with a con {table, who is, as it were, a deputy to —-v—■ 
execute the office in the conftable’s abfence ; but there 
are fome things which a conftable has power to do, that 
tithing-rhen and head-boroughs cannot intermeddle with. 
When there is no conftable-Dt a parifh, his office and 
the authority of a tithing-man feems to be all one under 
another name. 

TITHONUS, in fabulous hiltory, the fon of Lao- 
medon king of Troy, 2nd the brother of Priamus; 
was beloved by Aurora, who carried him to Delos, 
thence to Ethiopia, and at laft to heaven, where Ihc 
prevailed on the Deftinies to bellow upon him the gift 
of immortality ; but forgot to add that of youth, which 
could only render the prefent valuable. At length Ti- 
thonus grew fo old that he was obliged to be rocked 
to fleep like an infant; when Aurora, not being able 
to put an end to his mifery by death, transformed him 
into a grafshopper; which renews its youth by cafting 
his lkin, and in its chirping retains the loquacity of old 
age. 

TITLE for orders, in the church of England, is 
an aflurance of being employed and maintained as an 
officiating clergyman in fome cathedral or parochial 
church, or other place of Divine worffiip. And, by 
the 33</ Canon, “ no one is to be ordained but in order 
to be a curate or incumbent, or to have fome minifter’s 
place in fome church, or except he be fellow, conduft* 
or chaplain, in fome college in one of the univerfities, 
or be mailer of arts of five years Handing, and live there 
at his own coft.” By the fame canon, the biftiop, who 
ordains a clerk without title, is bound to keep him till 
he prefer him to fome ecclefiaftical living. 

TOD of wool, is mentioned in the ftatute 12 Ca- 
rol. II. c. 32. as a weight containing 2 {lone, or 2S 
pounds. 

TOMBUCTOO, a large city in North Africa, and 
capital of a kingdom of the fame name. It has for fome 
years paft been the great object of European refearch, 
being one of the principal marts for that extenfive com- 
merce which the Moors carry on with the Negroes. 
The hopes of acquiring wealth in this purfuit, and zeal 
for propagating their religion, have filled this extenfive 
city with Moors and Mahomedan converts; the king 
himfelf, and all the chief officers of ftate are Moors; 
and they are faid to be more fevere and intolerant in 
their principles than any other of the Moorifti tribes in 
this part of Africa. Mr Park was informed, by a ve- 
nerable old Negro, that when he firft vifited Tombuc- 
too, he took up his lodging at a fort of public inn, the 
landlord of which, when he conduced him into his hut, 
Ipread a mat on the floor, and laid a rope upon it; fay- 
ing, “ if you are a Muffulman, you are my friend, fit 
down ; but if you are a Kafir, you are my Have; and 
with this rope I will lead you to market.’, The reigning 
lovereign of rombudloo, when Mr Park was in Africa, 
was named ulbu Abrahima. He was reported to poflefs 
imtnenfe riches, and his wives and concubines were faid 
to be clothed in lilk, and the chief officers of Hate live 
in confiderable fplendour. The whole expence of his go- 
vernment is defrayed by a tax upon merchandize, which 
is colleded at the gates of the city. 

-’Of 
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Tomfook, Of that city very little is known with accuracy, as 

Tooth-ache }iag never been vifited by any European. It is the 
largreft on the Niger, Houira only excepted ; and pro- 
bably contains from 60,000 to 80,000 inhabitants. In 
fome of the Gazetteers, its houfes are faid to be built 
in the form of bells ; but they are probably fuch build- 
ings as thofe of Sego, which fee in this Supplement. 
Tombuftoo, according to Major Rennel, is in i6J 30' 
N. Lat. and jo 33' E. Long, from Greenwich. 

TOMSOOK, in the language of Bengal, a bond. 
TOOTH-hche, a well known excruciating pain (fee 

EncycL), for the alleviation, and even the cure of which, 
many fpecitics have been offered to the public. 01 one 
of the moft extraordinary of thefe, there is an account, 
in a fmall work publilhed at Florence in I794> ^7 Pro' 
feffor Gerbi, who gives the defcription of an infedt, a 
kind of curculio, which, from its property of allaying 
the tooth-ache, has received the epithet of antiodontal- 
gicus, and which is found on a fpecies oftbiftle, carduus 
fpinojijjimus. The flowers of this thiftle, when analy- 
fed, gave the acid of galb, the muriatic acid, oxalat 
of lime, extradlive matter, and a very little reiin. On 
the bottom of the calyx, which fupports the flowers, 
there are often found excrefcences like the gall nut, 
which are at fird fpheroidal, afterwards cylindric, and 
at length affume the figure of two hemifpheres: they 
confifl of the like component parts with the flowers, 
but contain more refin, and far more oxalat of lime; 
as the gall apple of the oak, according to the experi- 
ments of M. Branch!, which are here mentioned, con- 
tains more of the acid of galls than the bark and other 
parts of the oak, in which he could difcover no fulphu- 
ric acid. The infedt, according to the author’s obfer- 
vations, eats not only the parenchyma, but alfo the vef- 
fels and fibres of the leaves. The egg, before the worm 
makes its appearance, is nourifhed by the fap of the 
plant, and of the above excrefcences, in which it reiides, 
by means of the attraflive power that the egg pofTefies 
for certain vegetable juices and fubllances. The ex- 
crefcences ariie by the accumulation of a folid fub- 
fiance, which is precipitated from the nourifhing juices 
of the thiftle, diminiftied by nourifhing the egg and the 
worm. This infect, the eggs of which are depoftted 
in thefe, excrefcences, is, together with the curcul'io of 
the centuary, a new fpecies. It is of a longifh figure ; 
covered below with fhort yellow hair, and above with 
golden yellow' velvety fpots. Its corflet is variegated with 
fpecks ; and the covering of its wungs with fpecks and’ 
{tripes. It has a fhort probofeis, and {hews fome like- 
nefs to the curculio mllojus of Geoffrey. Its larva re- 
prefents a fort of ichneumon. By chemical analyfis it 
exhibits fome traces of common fait; by diftillation with 
a ftrong dry heat, fome volatile lixivious falls ; and it 
contains, befides thefe, fome gelatinous, and a little fe- 
baceous and flimy extractive matter. If about a dozen 
or fifteen of thefe infedts, when io-the ftate of larva, or 
even when come to perfedtion, be bruifed and rubbed 

’flowdy between the foreTinger and the thumb, until they 
have loft their moifture, and if the painful tooth, where 
it is hollow, be touched with that finger, the pain 
ceafes, fometimes inftantaneoufly. This power or pro- 
perty the finger will retain for a year, even though it 
■be often wafhed and ufed. A piece of fhamoy leather 
will ferve equally well with the finger. Of 629 expe- 
riments, 401 were attended with complete fuccefs. In 

two of thefe cafes, the hollow teeth arofe from fome Tooth-ache 
fault in the juices : in the reft they were merely local. rp0|!e]jj 
If the gums are inflamed, the remedy is of no avail. ■ - < 

To the truth of this tale the reader will give what 
credit he pleafes; but it is furely very difficult to be- 
lieve, that a living finger, continually perfpiring, can 
retain for a year the moifture imbibed from this in- 
fedt. But it feems there are other infedfs which have 
the property of curing the tooth ache ; fuch as the ca- 
rabus chryfocephalus of Roffi; the carabus ferrugineus of 
Fabricius ; the coccinella ftptempunftata (the lady bird) ; 
the chryfomela popuh, and the chryfomela fanguinolenta. 
It would appear, therefore, that this property belongs 
to various kinds of the coleoptera. 

The idea of thefe infedfs being endowed with the 
property of curing the tooth-ache is not confined to 
Italy ; for Dr Hirfch, dentift to the court of Weimar, 
afferts (Verhundiger, September 24, 1798) that he em- 
ployed them with the happieft eftedf, except in fome 
cafes where his patients were females. He fays, that 
he took that fmall infedf, found commonly among corn, 
coccinella feptem pundata, and bruifed it between his 
fingers* He then rubbed the fingers with which he 
had bruifed it, till they became warm at the points, 
and touched with them the unfound parts of the gums, 
as well as the difeafed tooth. Ft Hirfch adds, that he 
made the fame experiment a few days after with equal 
fuccefs, though he had not bruifed a new infedf with 
his fingers. He feems to think that, to infure the effi- 
cacy of the procefs, the infedl ffiould be alive ; becaufe, 
when dead, its internal parts, in which he prefumes the 
virtue chiefly refides, become dried up, leaving only the 
wings and an empty {hell ; and therefore propofes to 
phylicians to turn their attention to the finding out of 
fome method for preferving the virtue of the infeft, fo 
that its efficacy may be in full vigour throughout the 
year. 

Befides thefe beetles, charcoal has been recommend- 
ed as an anodyne in the tooth-ache ; but whether it o- 
perates merely by filling the hollow of the tooth, and 
thereby preventing the accefs of atmofpheric air to the 
nerve, or by any of its lingular and hitherto unknown 
qualities, feems not to have been well afeertained. 

TOR, a town of Alia, in Arabia Petraea, feated on 
the Red Sea, with a good harbour, defended by a caftle. 
There is a handfotne Greek convent, in whofe garden 
are fountains of bitter water, which they pretend are 
thofe rendered fweet by Mofes, by throwing a piece of 
wood into them. Some think that this town is the an- 
cient Elana. E. Long. 31. 29. N. Lat. 28. o. 

TORELLI (Jofeph), was born at Verona o«i the 
4th of November 1721. His father Lucas Torelli, who 
was a merchant, dying when young Torelli was but an 
infant, he was left entirely to the care of his mother 
Antonia Alhertini, a Venetian lady of an excellent cha- 
radter. After receiving the firft rudiments of learning, 
he was placed under the Ballerini, who, oblerving the 
genius of the boy, prevailed upon his mother to fend 
him to complete his education at Patavia. Here he fpent 
four years entirely devoted to ftudy, all his other paf- 
fions being abforbed by his thirft for knowledge. 

The unfullied innocence of his life, and the prudence 
and gravity of his conduct, foon attradting the atten- 
tion of his mailers, they not only commended him with 
eagernefs, but performed to him the part of parents, 

converfed 
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'^ore^1' convci fed with him familiarly about their refpe&ive their company when they examined the curiolitiee of 
^ v"" iciences, and read over to him privately the lefhires the city\ 

which they had to deliver. This was the cafe particu But thefe purfuits he confidered merely as amufe- 
ments ; mathematics and the belles lettres were his feri- 
ous ftudies. ^ Thefe {Indies are, in general, confidered 
as incompatible ; but Torelli was one of the few who 
could combine the gravity of the mathematician with 
the amenity,of the mufes and graces, and who handle 
the compafs and the pleftrum with equal (kill. Of his 
progrefs in mathematics, feveral of his treatifes, and 
efpecially his edition of Archimedes, published fince his 
death by the univerfity of Oxford, are fufficient proofs. 
Nor was his progrefs in the more pleafing parts of lite- 
rature lefs diftinguifhed. In both thefe itudies he was 
partial to the ancients, and was particularly hoftile to 
the poetry and the literary innovations of the French. 

. Nothing could be purer or more elegant than his La- 
tin ftyle, which he had acquired at the expence of much 
time and labour. His Latin tranfiation of Archimedes 
is a fufficient proof of this, and is indeed really won- 
derful, if we confider that the Romans, being far infe- 
rior to the Greeks in mathematical knowledge, their 
language was of neceffity deftitute of many neceffarv 

tu&an”^r,:th r""t
lhnguag' 

& OnV ne, 

x mo wcia me crtic parucu- 
larly with Hercules Dondinus, under whom Torelli ftu- 
died jurifprudence. But he by no means confined him- 
felf to that fcience alone. The knowledge which he 
acquired was fo general, that upon whatever fubjedt the 
converfation happened to turn, he delivered his fenti- 
ments upon it in fuch a manner that one would have 
thought he had beftowed upon it his whole attention. 

After receiving the degree of Do&or, he returned 
homi to the enjoyment of a conliderable fortune; which 
putting it into his power to choofe his own mode of 
living, he determined to devote himfelf entirely to lite- 
rary purfuits. He refolved, however, not to cultivate 
one particular branch to the exclufion of every other, 
but to make himfelf mafter of one thing after another, 
as his humour inclined him; and he was particularly at- 
tentive to lay an accurate and folid foundation. Tho’ 
he declined praftifing as a lawyer, he did not, on that 
account, relinquiffi the ftudy of law. The Hebrew, 
Gieek, Latin, and Italian languages, occupied much of 
his time. His objedl was to underftand accurately the 
two firft, and to be able to write and fpeak the two 

ialt, in particular, he bellowed uncommon pains ; for he 
-vas peculiarly attached to the Britiffi nation, and to Bn- 
tiffi writers, whom he perufed with the greateft atten- 
tion ; not merely to acquire the language, but to im- 
bibe alfo that force and loftinefs of fentiment for which 
they are fo remarkable. Nay, he even began an Italian 
tranfiation of Paradife Loft. 

He likewile made himfelf acquainted with ethics, 
metaphyfics, and polemical divinity ; to which Jail fub- 
jedt he was induced to pay attention by the cuftom of 
his country. With ancient hiftory he was very fami- 
liarly acquainted, calling in to his affiftance, while en- 
gaged in that ftudy, the aids of chronology, ffeoeraphy, 
and criticifm. This laft art, indeed, by means of which 
what is counterfeit may be diftinguiffied from what is 
genuine, what is interpolated from what is uncorrupt- 
ed, and what is excellent from what is faulty, he car- 
ned about with him as his counfellor and his guide up- 
on all occafions. ° * 

The theory of muftc he ftudied with attention, pre- 
ferring thofe powerful airs which make their way into 
the foul, and roufe the paffions at the pleafure of the 
nuiucian. His knowledge of pitlures was held in high 
cftimat.on by theart.fts themfelves, who were accuftom- 
e<l to aik his opinion concerning the fidelity of the de- 

I
lg,n’ the harmony of colours, the value of the pidlure, and the name of the painter. He himfelf had a collec- 

S k°r remar}a/!y fPlendid indeed. but exceedingly well chofen Architeaure he ftudied with ftill greater 

ty ^Nor hei <2nf!dered ,t.as of more re^ utili- 
' nade himWffam^ but made himfelf familiarly acquainteVwithcoTnTgeml’ ti Jnf ^1Io^.,nS is a complete lift of his works, his edt- 

“"d ™0„u’m
g
c„,s: tiU after Ws dmh" eXCePt,^d• W,"'Cl' n0t I'ubI!fl'':d 

in profe and vcrfe. He tranflated the whole of^^Efop’s 
Fables into Latin, and Theocritus, the Epithalamium of 
Catullus, and the comedy of Plautus, called Pfeudolus, 
into Italian verfe. The two firft books of the iEneid 
were alfo tranflated by him with fuch exaAnefs, and fo 
much in the ftyle of the original, that they may well 
pafs for the work of Virgil himfelf. 

His life, like his fludies, was drawn after the model 
of the ancient fages. Frugal, temperate, modeft, he 
exhibited a finking contraft to the luxurious manners 
ot his age. In religion he adhered ilriaiy, though not 
luperftitioufly, to the opinions of his anceftors. He 
was firm to his refolutions, but not foobffily obftinate j 
and fo find an obferver of equity, that'his probity 
would have remained inviolate, even though there had 
been no law to bind him to juftice. He never married, 
that he might have leifure to devote himfelf, with lefs 
interruption, to his favourite ftudies. Every one rea- 
dily found admiffion to him, and no man left him with- 
out being both pleafed and inflruded ; fuch was the 
Iweetnefs of his temper, and the readinefs with which 
fie communicated information. He adhered with great 
conflancy to his friendffiips. This was particularly ex- 
emphhed m the cafe of Clemens Sibiliatus, who has fa- 
voured the world with the life of Torelli. With him 
he kept up the clofeft connedion from a fchool-boy till 
the day of his death He was peculiarly attached like- 
wife to many men of diflindion, both in Italy and Bri- 
tain. He died m Augufl 1781, in the 70th year of his 

The following is a complete lift of his works, his edi- 

c b vends, ana monuments, 
ved If m^umfntal infcriptions were engra- 
coteftel w-uhch he.had n0t cither compofedor 
was fo int" ^ tne antl(lmtles °f his own country he fo intimately acquainted, that every perfon of emi 
»e„cC) who vrtted Verona, took caro ^ ha« him i„ 

p-“ LV.cubratio Academica, fivi Somnium Jacobi 
1 xndemontu, &c.” Patavii a • J j 

rj u • - * *743—“ Ammadver- 

lnterpretafto„rm'"mVem„t D*0""' ■“ 
Gul* incommodo, ejufque remedioTfbri duoV^cX 
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Torpedo, ni* Agrippinas, 1744.—4. “DeProhabili Vitas Morum- 
u—* que Regula Coloniac, 1 747. 5. “ Li due primi Can- 

ti dell’ Iliade (di Scipione Maffei) e li due primi dell’ 
Eneide di Giufeppe Torelli tradotti in verfi Itabani 
Verona, 1749-—6. “ Gli ftefli due canti dell’ Eneide ri- 
ftampati foli lo ftefib anno perlo {lefTo Ramanzini.” — 7. 
“ Scala de Meriti a capo d’anno Trattato Geometrico 
Verona. 1751.—8. “ De Nihilo Geometrico, lib. 2. 
Verone, 1758. — 9. “ Lettera intorno a due pafii del 
Purgatorio di Dante Alighiero tb. 1760 IO. 
“ Della Denominazione del corrente anno vulgarmente 
detto 1760 in Bologna per Lelio della Volpe.”—ir. 
“ II pfcudolo. Comedia, &c. e fi aggiunge la tradu- 
zione d’alcuni Idilli di Teocrito e di Mofco Firenzi, 
1 765. —12 “ Inno a Maria Virgine nella Feftivita del- 
la fua Concezione Verona, 17^6.—13. “Lettera a 
Miladi Vaing-Rveit premefla al libro che ha per titalo 
xii. lettere Ingleli, con altra lettera all’autore della fud- 
detta Verona, 1767.—14. “ Elegia di Tommafo 
Gray, Poeta Inglefe, in un Cimetevo Campeftre in verfi 
Italian! rimati Verona, 17^7.—15- “ Geometrica 
Veronae. 1769. —16. “ Demonllratio antiqui Theore- 
matis de motuum commixtione Veronae, 1774. — < ?• 
“ Lettera fupra Dante contro il Signor di Voltaire 
Verona, 1781.—18. “ Poemetto di Catullo fu le Noz- 
ze di Peleo e Tetite, ed un Epitalamio deilo ftefib 
1781.— 19. “ CEfopi Fabulae.”—2C. “Teocrito tra- 
dotto, in verfi Tofcani.”—21. “ Elementi d’Euclide 
tradotti nell idioma Italiano.” 22. “ Elementorum 
Profpe&ivae, libri duo.” 

TORPEDO, or Cramp fish, has been deferibed 
under the generic title Raja ; and an attempt made to 
explain its ele&rical phenomena in the article Elec- 
tricity, n° 258, &c. (Both thefe articles are in the 
Encyclopedia). From fqme late difeoveries, however, 
of Volta and others, the Ihock given by the torpedo ap- 
pears much more analogous to the (hock of Galva- 
nism than to that of common eledtricity ; and even the 
ele&rical organs of the fifh feem to refemble the appa- 
ratus with which thofe difeoveries in galvanifm were 
made. 

In the 63d volume of the Philofophical Tranfadtions, 
Mr Hunter deferibes the eledtric organ of the torpedo 
as confiding of a number of columns, varying in their 
length from an inch and a half to a quarter of an inch, 
with diameters about two-tenths of an inch. The num- 
ber of columns in each organ of the torpedo which he 
prefented to the Royal Society was about 470 ; but in 
a very large torpedo which he diffedled, the number of 
columns in one organ was 1182. Thefe columns were 
compofed of films parallel to the bafe of each ; and the 
diflance between each partition of the columns was 

5th of an inch. From thefe fadts, the reader will 
find the anomalies of torpedinal ele&ricity (fuppofing it 
the fame with common eledtricity) accounted for in a 
very ingenious and philofophical manner by Mr Nichol- 
fon, at p. 358 of the firft volume of his valuable Jour- 
nal. We pafs on, however, to point out the refemblance 
between it and the lately difeovered phenomena in gal- 
vanifm. 

Take any number of plates of copper, or, which is 
Suppl. Vol. II. Part II. 

better, of filver, and an equal number of tin, or, tfhich Torpedo, 
is much better, of zinc, and a like number of difes, or ——v— 
pieces of card, or leather, or cloth (a), or any porous 
fubftance capable of retaining moillure. Let thefe lail 
be foaked in pure water, or, which is better, fait and 
water, or alkaline levs. The filver or copper may be 
pieces of money. Build up a pile of thefe pieces ; 
namely, a piece of filver, a piece of zinc, and a piece 
of wet card : then another piece of filver, a piece of 
zinc, and a piece oi wet card: and fo forth, in the fame 
order (or any other order, provided the pieces fucceed 
each other in their turn), till the whole number intend- 
ed to be made ufe of is builded up. The inftrument i« 
then completed. 

In this Hate it will afford a perpetual current of the 
galvanic influence through any conduftorcommunicating 
between its upper and lower plates ; and if this con- 
duftor be an animal, it will receive an electrical fhock 
as often as the touch is made, by which the circuit is 
completed. Thus if one hand be applied to the lower 
plate, and the other to the upper, the operator will re- 
ceive a fhock, and that as often as he pleafes to lift his 
finger and put it down again. 

This fhock refembles the weak charge of a battery of 
immenfe furface ; and its intenfity is fo low that it can- 
not make its way through the dry Ikin. It is there- 
fore neceffary that a large furface of each hand fhould 
be well wetted, and a piece of metal be grafped in each* 
in order to make the touch ; or elfe that the two extre- 
mities of the pile fhould communicate with feparate vef- 
fels of water, in which the hands may be plunged. 

The commotion is flronger the more numerous the 
pieces. Twenty pieces will give a fhock in the arms, 
if the above precautions be attended to. One hundred 
pieces may be felt to the fhoulders. The current acts 
on the animal f) ftem w’hile the circuit is complete, as 
well as during the inllant of commotion, and the adtion 
is abominably painful at any place where the flcin is 
broken. 

It is efiential to the fuccefs of the experiment, that 
the contiguous furfaces of the metallic plates be per- 
fe&ly dry during its whole continuance j for the intro- 
dudlion of water or any liquid immediately dellroys 
the energy of the pile. It is necefiary that one of the 
metals employed fhould be much mere eafily oxidated 
than theother, and that the liquid with which the card or 
cloth is moiftened fhould be capable of oxidating it. 
Hepce when zinc and filver are ufed, the pile does not 
adt if the cloth be moiflened with newly boiled diftil- 
led water ; and it foon ceafes to aft if it be covered 
with a receiver and feparated from the external air. 

The Galvanic pile not only gives fhocks to animal 
bodies, but it exhibits all the phenomena of common elec-1 

tricity. A vifible fpark is emitted on completing the 
broken circle, metals are eafily made red hot and fet on 
fire by it; and Van Marum afeertained that it charges 
a battery, however large, to its own intenfity in an in- 
ftant. Now, as it pofieffes exaftiy the properties of 
eleftricity and no other properties, it can fcarcely be 
doubted that the fluid which circulates in the Galvanic 
pile is common eleftricity. To explain the caufe of the 

4 U current 

(a) Woollen or linen cloth appears to be more durable, and more fpeedily foaked, than card. 
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Torpedo, current indeed may bea difficult tafk : and hitherto it 

uiuft be acknowledged, that no explanation has been 
offered that is perfectly fatisfa^tory. But this is no 
reafon for denying the identity of Galvanifm and elec- 
tricity ; and accordingly, this identity feems now ad- 
mitted by all thofe philofopbers who have given them- 
felves the trouble to repeat the experiments. 

Though Mr Volta’s celebrated experiments have not 
removed all uncertainty, and though he has drawn his 
confequences too far, they muff certainly be confidered 
as a very important ffep towards a theory of the Gal- 
vanic pile. Thefe experiments are in fubftance as fol- 
lows : If two different metals, infulated, and having on- 
ly their natural quantity of ele&ricity, are brought in- 
to contact, they affume, when again feparated, diffe- 
rent eledtric Hates ; the one is pofitive and the other ne- 
gative. This difference, which in each contadt is very 
fmall, becomes, when fucceffively accumulated by 
means of an eledfrical condenfer, fufficiently ftrong to 
feparate the electrometer very fenfibly. The adtion 
does not take place at a diffance, but only upon the 
contadt of the different metals : it exifts as long as the 
eontadt continues; but its intenfity is not the fame for 
all metals. It will be fufficient to take for example 
copper and zinc. In their mutual contact, the copper 
becomes negative and the zinc pofitive. 

After having proved the developement of metallic 
eledtricity, independently of any humid condudior, Mr 
Volta next introduces fuch condudtors. If we form a 
metallic plate of two portions, the one of zinc, the 
other of copper, by foldering their ends together, and 
taking the zinc between our fingers, touch with the 
copper the upper plate of the condenfer, which is alfo 
of copper, the condenfer becomes negative. This a- 
grees obvioufly with the former experiment. But if, 
on the contrary, we hold the copper in our fingers, and 
touch the upper plate of the condenfer with the zinc, 
upon removing the metals and railing the upper plate 
of the condenfer, it indicates no eledlricity, notwith- 
ftanding the lower plate is connedfed with the common 
refervoir in the earth. But as foon as we interpofe 
between the zinc and the plate of the condenfer a 
piece of paper moiftened with pure water, or any other 
rnoifl condudior, the condenfer becomes charged with 
pofitive eledlricity. It becomes alfo charged, hut ne- 
gatively, when we hold the zinc in our fingers, and 
touch, with the copper, the humid condudior laid on 
the condenfer. 

Mr Volta thus explains thefe fadls—Metals, and 
probably all other fubftances, exert, as we have juft 
been, a reciprocal adlion on their refpedlive eledtricities 
at the moment of contadl. When we hold the metal- 
lic plate by the copper, a part of its eledlric fluid paf- 
fes into the zinc ; but if this zinc is in immediate con- 
tadl with the condenfer, which is alfo of copper, the 
condenfer tends with equal force to difeharge its own 
fluid into the zinc, and therefore can receive nothing 
from the zinc; confequently, after the contadl, it mull 
remain in its natural ftate. If, on the contrary, we 
place wet paper between the zinc and the copper of 
the condenfer, the force tending to difplace the elec- 
tricity, which exifts only upon the contadl of the two 
metals, is now deftroyea; the water, which appears to 
poffefs this property, but in a very weak degree, with 
regard to the metallic fuhftanccs, very little impedes 

:6 ] TOR 
the tranfmiffion of the fluid of the zinc to the conden- Torpedo,, 
fer, and the condenfer is at liberty to become pofitive- 
ly charged. Finally, when we touch the condenfer 
with the end which is of copper, the interpoiition of 
the wet paper, of which the proper adlion is very weak, 
does not prevent the tranfition of a part of the pofi- 
tive eledlricity of the condenfer into the plate of zinc : 
fo that after feparation, the condenfer is found to be 
charged negatively. 

From this theory, Mr Volta finds no difficulty in 
explaining the pile. For the fake of fimplicity, we 
will fuppofe it to be infulated, and we will reprefent by 
unity the etfeefs of the ekdlricity of a piece of zinc 
above that of a piece of copper in immediate contad; 
with it. 

If the pile is compofed but of two pieces, the lower 
one of copper, the upper one of zinc, the eledlric 
ftate of the firft will be reprefented by —and that 
of the fecond by + j. If we add a third piece, which 
muft be of copper, we muft feparate it, ip order that 
the fluid may he difplaced, by wet paileboard, from 
the piece of zinc below it ; and in this cafe it will 
acquire the fame ftate of eledlricity with the zinc ; at 
leaft negledling the proper adlion of the water, which 
appears to be very feeble, and alfo the flight degree of 
refiftance which the water may oppofe to the commu- 
nication as an imperfedt condudior of eledlricity. 'i he 
apparatus being infulated, the excefs of the upper 
piece can only be acquired at the expence of the lower 
piece of copper : and, in this cafe, the charges of the 
refpedlive pieces will be different from the former ex- 
periment. The lower piece of copper will he •—the 
piece of zinc, which is in immediate contadl with it 
— i, or-f; and the upper piece of copper, fepa- 
rated from the zinc by wet pafteboard, will have the 
fame charge, that is-fty ; fo that the negative charge 
of the lower piece will be equal to the fum of the po- 
fitive charges of the two others, the whole quantity 
being the fame as in the natural ftate. 

If on this pile we place another piece of zinc, this 
piece will demand a greater quantity of eledlricity by 
unity than the copper on which it i^ placed : but iince 
this excefs can only be obtained at the expence of the 
pieces below, the pile being infulated, we ftiall have, 

For the lower piece of copper, — 1 
For the fecond piece, which is of zinc, o 

that is, it will he neutral. 
For the third piece, which is of copper, fepa- 

rated from the fecond piece by wet pafteboard o 
For the upper piece, which is of zinc, and in 

contadl with the third, + I 
By purfuing the fame mode of reafoning, we may 

find the eledtrical ftate of each piece of the pile, fup- 
pofing it infulated and formed of any given number of 
pieces ; the quantities of eledtricity' will increafe at each 
ftep, from the bafe to the fummit of the pile, in an 
arithmetical progreffion, of which the fum will va- 
nifti. 

Suppofing, for the fake of fimplicity, the number 
of conftituent parts to be even, we may difeover, by a 
very eafy calculation, that the piece of copper, which 
is the firft, and the piece of zinc, which is the laft of 
the pile, muft be equally eledtrified, the one pofitively, 
the other negatively ; and the fame will be true of any 
pieces taken at equal diftances from the extremities of 
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Torpedo, the pile. Between the pofitive and the negative Hates, 

"V—the elediricity will vanilh; and there will always be two 
pieces, one of zinc, the other of copper, which will be 
in the natural ftate. They will be in the middle of the 
pile, as has already been fhown in the example ot four 
pieces. 

Let us now make a communication between the 
lower part of the pile and the earth : it is evident, that 
then the lower piece of copper, which is negatively 
ele&rified, will tend to abforb from the ground what it 
has loll; but its electrical ftate cannot change, unlds 
that of the fuperior pieces be alfo varied, fince the dif- 
ference of the pieces muft always be the lame in the 
ftate of equilibrium. Therefore all the negative quan- 
tities of the lower half ol the pile muft be neutra- 
lifed at the expence of the common refervoir ; and in 
this cafe, the loweft piece, which is of copper, will have 
the electricity of the earth, which we call o. The fe- 
cond piece, which is of zinc, and in immediate con- 
tact with the firft, will have ft- r. The third, which is 
of copper, and feparated from the zinc below it by 
wet pafteboard, will alfo have ft- 1. The fourth, 
which is of zinc, and in immediate contaCt with the 
third, will have ft-2. And in the fame manner the 
eleCtricity of the different elements will continue to in- 
creaie in arithmetical progreflion. 

If we then touch, with our hands, the two extre- 
mities of the pile, thefe exetfles of eleCtricity will be 
difeharged through our bodies into the common refer- 
voir* 'and will produce a fhock fo much the more fen- 
ftble, as the lofs is quickly repaired from the earth, and 
an eleCtrical current is formed, of which the rapidity is 
greater within the pile than within the animal body, 
which is an imperfeCt conductor ; fo that the internal 
parts of the pile are at liberty to refume a degree of 
tenfion approaching to that which they had when in 
the ftate of equilibrium. The communication with the 
earth being ftill preferved, if we bring the fummit of 
the pile into contaCt with the upper plate of a conden- 
fer, of which the lower is connected with the ground, 
the eleCtricity, which was accumulated at the fummit 
with a very flight degree of tenfion, will pafs into the 
condenfer, where the teniion may be conlidered as evan- 
efeent; but the pile not being infulated, this lofs will 
be repaired from the earth: the new portions of elec- 
tricity recovered by the upper part of the pile will 
pafs into the condenfer like the preceding, and will at 
iait be fo accumulated there, that when we remove the 
plate of the condenfer, we may find in it very evident 
marks of eleCtricity, and we may even take fparks 
from it. 

Such is Mr Volta’s theory ; but the experiments of 
Mr Davy are fuffiefent to demonftrate that the ideas of 
this celebrated eleCtrician require fome modification. 
His theory muft at leaft be extended to the imperfeCt 
conductors as well as the metals. Mr Davy has (hewn 
that two kinds of galvanic circles may be formed. 
The firft is compofed of two different metallic fub- 
ftances, or one metallic fubftance and charcoal, and a 
peculiar fluid. The fecond is compofed by two diffe- 
rent fluids and one metallic fubftance. 

The following table of fome circles of the firft kind, 

in which the different fubftances are arranged accord- Torp e^o. 
ing to the order of their known galvanic powers, will ~ ‘ 
fliow how intimately chemical agencies are related to 
the production of galvanifm. 

Table of fome Galvanic Circles. Compofed of two per* 
fed Conductors and one imperfect Conductor. 

Zinc. 

Iron. 

Tin. 

Lead 
Cop. 

Silv. 

With gold, charcoal, 
filver,copper, tin, 
iron, mercury. 

. . . gold, charcoal,; 
filver, copper, tin,, 

. . gold, filver,char 
coal. 

. . . gold, filver. 
■ . . gold, lilver. 

. . . gold. 

] Solutionsoi u:!; ic 
I acid in water, of 
I muriatic acid and 
i fulphuric acid&c. 
f Water holding in 

folution oxygen, 
atmofpheric air, 
tkc. 
Solution ofnitrate 
of filver and mer- 
cury. Nitric acid, 
acetous acid. 

[Nitric acid. 

The moft'aCtive fingle circles of the fecond order are 
thofe in which the two imperfeCt conductors are capa- 
ble of exerting different chemical agencies on the per- 
fect conductor, at the fame time that they are poffef- 
fed of power of aCtion on each other. But even cir- 
cles in which only one of the fluid parts is decompo- 
fable by the folid, are poffeffed of power of aCtion. Thus 
copper, filver, or lead, acts very powerfully when con- 
nected in the proper order with iolutions of alkaline ful- 
phurets and of nitrous acid ; both of which fluids are 
poffeffed of diftinCt chemical agencies upon them. And 
copper or filver aCts, though with lefs intenfity, when 
water, or a fluid which they are incapable of decom- 
pofing, is fubftituted for one of the chemical agents. 

The following table contains fome powerful galvanic 
combinations of the fecond order, arranged according 
to the intenfity of their aCtion. 

Table of fame Galvanic Circles. Compofed of two im- 
perfect Conductors and one perfect Conductor. 

Cop. 
Silv. 
Lead 
Tin. 
Iron. 
Zinc- 

Solutions of alkaline 
lulphurets, capable 
of aCting on the firft 
three metals but not 
on the laft three. 

Solutions of nitrous 
acid, oxygenated 
muriatic acid, &c. 
capable of aCting 
on all the metals. 

Meffrs Nicholfon and Carlifte conftruCted an appara- 
tus fimilarto that of Volta, which gave them a (hock 
as before deferibed, and a very acute fenfation where- 
ever the fkin was broken. Very early in the courfe of 
this experiment, the contaCts being made fure by pla- 
cing a drop of water upon the upper plate, Mr Carliflc 
oblerved a difengagement of gas round the touching 
wire. This gas, though very minute in quantity, evi- 
dently feemed to have the fmell afforded by hydrogen 
when the wire of communication was fteel. This, with 
fome other faCts, led Mr Nicholfon to propofe to break 
the circuit by the fubftitution of a tube of water be- 

4. U 2 tween 
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Torpedo, tween two wires. They therefore iuferted a hrafs wire 
 v 11 through each of two corks inferted in a glafs tube of 

half an inch internal diameter. rl he tube was filled 
with New River water, and the dillance between the 
points of the wires in the water was one inch and three 
quarters. This compound difcharger was applied fo 
that the external ends of its wire were in contact with 
the two extreme plates of a pile of 36 half crowns, 
with the correfpondent pieces of zinc and pafteboard. 
A fine Itream of minute bubbles immediately began to 
flow from the point of the lower wire in the tube 
which ccfmmunicated with the filver, and the oppofite 
point of the upper wire became tarnifhed, firft deep 
orange and then black. On reverfing the tube, the 
gas came from the other point, which was now lowed; 
while the upper, in its turn, became tarniihed and black. 
Reverfing the tube again, the phenomena again changed 
their order. In this date the whole was left for two 
hours and a half. The upper wire gradually emitted 
whitifh filmy clouds, which, towards the end of the 
procefs, became of a pea-green colour, and hung in 
perpendicular threads from the extreme half inch of the 
wire, the water being rendered femiopaque by what fell 
off, and in a great part lay, of a pale green on the 
lower furface of the tube, which, in this difpofition of 
the apparatus, was inclined about forty degrees to the 
horizon. The lower wire, of three quarters of an inch 
long, condantly emitted gas, except when another cir- 
cuit, or complete wire, was applied to the apparatus; 
during w’hich time the emiflion of gas was fufpended. 
When this lad mentioned wire was removed, the gas 
re-appeared as before, not indantly, but after the lapfe 
of four beats of a half fecond clock danding in the 
room. The product of gas, during the whole two 
hours and a half, was two-thirtieths of a cubic inch. 
It was then mixed with an equal quantity of common 
air, and exploded by the application of a lighted waxed 
thread. 

Thefe experiments were immediately repeated and 
varied by other philofophers. Meffrs Cruickfhank, 
Haldane, Davy, Henry, Wolladon, Fourcroy, and 
Vauquelin, are the mod didinguifhed. 

Mr Cruickfhank afeertained, that when the w’ire 
coming from the zinc end of the pile is plunged into 
infufion of litmus, the infufion becomes red, and an a- 
cid, which appears to be the nitric, is formed ; that 
the wire from the filver end reddens the infufion of 
brazil wood, and of courfe an alkali is formed. This 
alkali has been fuppofed to be fixed ; but in our expe- 
riments it was obvioufly ammonia, for the change on 
the infufion of mallows (the colouring matter which we 
ufed) was not permanent. He afeertained alfo, that 
the filver end wire revives metals from their falts, as had 
been previoufly knowm to happen whenever nafeent hy- 
drogen comes in contact with them. He thought al- 
fo, that he had afeertained that all liquids containing 
«o oxygen are noncondu&ors of galvanifm. 

To avoid the trouble of confiantly repiling the pieces 
of filver and zinc, Mr Cruiekfhank conftrufted a kind 
of trough of baked wood, 26 inches in length. 1.7 
inches deep, and 1.5 inches wide: in the fides of this 
trough grooves were made oppofite to each other, about 
the tenth of an inch in depth, and fufficiently wide to 
admit one of the plates of zinc and filver when foldered 
together 1 three of thefe grooves were made in the 

fpace of one inch and the tenths, fo that the whole ma- Torpedo. 
chine contained 60 pair of plates. A plate of zinc and  v—- 
filver, each 1.6 inches fquare, well cemented together, 
were introduced into each of thefe grooves or notches, 
and afterwards cemented into the trough by a compofi- 
tion of rofin and wax, fo perfedlly that no water could 
pafs from one cell to the other, nor between the plates 
of zinc and filver. This circumftance muft be ftridily at- 
tended to, elfe the machine will be extremely imperfed:. 
When all the plates were thus fecured in the trough, 
the interflices or cells formed by the different pairs of 
plates were filled with a folution of the muriat of am- 
monia, which here fupplied the place of the moiftened 
papers in the pile, but anfwered the purpofe much bet- 
ter. It is hardly neceffary to obferve, that in fixing 
the zinc and filver plates, they muft be placed regular- 
ly, as in the pile, viz. alternately zinc and filver, the 
filver plate being always on the fame fide. When a 
communication was made between the firft and laft cell, 
a ftrong (hock was felt in the arms, but fomewhat dif- 
ferent from that given by the pile, being quicker, lefs 
tremulous, and bearing a greater refemblance to the 
common eledlrical (hock. He conftru&ed two of thefe 
machines, which contained in all ico pair of plates; 
thefe when joined together gave a very ftrong (hock, 
and the fpark could be taken in the day-time at plea- 
fure ; but what furprifed him not a little, w'as the very 
(lender power which they polTefTed in decompofing wa- 
ter: in this refpedl they were certainly inferior to a pile 
of 30 pair, although fuch a pile would not give a (hock 
of one third the ftrength. 

This apparatus retained its power for many days, and 
would in all probability have retained it much longer, 
Tiad not the fluid got between the dry furfaces of the 
metals. To remedy this defedt, he foldered the zinc 
and fiber plates together, and found that this method 
anfwers very well. The zinc plates may be cleaned at 
any time, by filling the different cells for a few minutes 
with the dilute muriatic acid. Although this appara- 
tus may not entirely fuperfede the pile, efpecially if it 
(hould be found to decompofe water, &c. but (lowly, 
yet in other refpetls it will no doubt be found very con- 
venient and portable. 

Colonel Haldane proved, as might have been ex- 
pedied, that the pile does not adl under water, nor in. 
vacuo, nor when furrounded by a gas which contains 
no oxygen, and found it more powerful when placed in 
oxygen gas. 

Mr Henry found that more oxygen was obtained 
from fulphuric acid than from w'ater by the agency of 
the pile. He deoxydated nitric and oxymuriatic acid 
by means of it, and obtained gafes by the decompofi- 
tion of the water of liquid muriatic acid. The gafes 
he found incapable of tranfmitting the galvanic in- 
fluence. 

Mr Davy found, that if the zinc end wire be plunged 
into one glafs of water, and the filver end wire into ano- 
ther, and the circle be completed by plunging a finger 
into each glafs, the hydrogen gas is evolved in one 
glafs and the oxygen in the other. He proved that 
the aftion of the pile is proportional to the oxydation 
of the zinc ; that its adfion is increafed by interpofing 
acids, becaufe they increafe the rapidity of oxydation, 
and that with acids the pile afts even in vacuo. 
He found alfo that a pile of zinc and charcoal has very 

great 
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great energy. To him we are indebted for the pile 
with one metal formerly deferibed, and he has more 
lately proved that charcoal or plumbago may be fub- 
ftitutcd for the metal. A pile of charcoal, plumbago, 
and cloth, moiilentd with muriat of lime, retains its 
energy for a long time. 

Dr Widlafton proved, that when common electricity 
is palled through water by means of two very fine me- 
tallic points, chemical changes are effedted by it, anala- 
gous to thofe occafioned by the tranfmiffion of the gal- 
vanic influence. This fadt, fingly, prefents a very 
flrong analogy between galvaniim and the common 
eledlrical influence ; and when compared with the 
other fadts, it amounts almoft to a demonftration of 
their identity. Dr Wollallon likewife afeertained that 
eledtricity is evolved during oxydation. He found that 
an eledtrical machine cannot be excited when plunged 
into any gas that does not contain oxygen ; and tup- 
pofts the excitation in a great meafure owing to the 
oxydation of the amalgam. 

Fourcroy and Vauquelin made ufe of metallic plates 
about a foot fquare, and obferved that a much fmaller 
number of fuch plates than are fufficient to produce 
fhoeks, give fparks, and even fet fire to the metals 
when prefented in fine wires or leaves. By twelve pairs 
of fuch plates, a mixture of oxygen and hydrogen gas 
may be exploded, and iron wire fet on fire in oxygen 
gas. All the metals may be fet on fire. 

Such is a fhort fketch of the new fadls which have 
been difeovered in galvanifm ; but the examination of 
the fubjedl has not proceeded far enough to admit of a 
fatfsfadfory explanation of them. The fadts relating to 
the feparate produdlion of oxygen and hydrogen, acid 
and alkali, in water, are totally incommenfurable with 
the ufually received theory of chemiftry. And even 
fuppofing that the appearance of the two lafl of thefe 
bodies is connedfed with the prefence of atmofpheric 
air, it is ftill extremely difficult to conceive, that either 
oxygen or hydrogen can pafs in an invifible form 
through fluids or organic bodies. Common phyfical 
fadis prefent us with no analogies fufficiently difiindf to 
enable us to reafon on this fubjedl; and the elucidation 
of it will probably be connected with perfedtly new 
views of corpufcular adtion. 

If this article be thought long, and if we appear to 
have loft fight of our original fubjedf, the Torpedo, we 
have only to plead in excufe for our condudl, that whilft 
we could not avoid pointing out the refemblance be- 
tween the fhock given by the torpedo and that by 
Volta’s apparatus, we fett it a kind of duty to embrace 
the only opportunity that we fhall have of laying be- 
fore our readers the additional information refpedfing 
the phenomena of Galavmsm which we have recei- 
ved fince the publication of that article. Thefe phe- 
nomena are yet new, and they are unqueftionably im- 
portant ; indeed fo very important, that to us it ap- 
pears neither impoflible, nor even improbable, that to 
the galvanic agency of metals and minerals may be at- 
tributed volcanoes and earthquakes. 

TOUCAN, or American Goose, is one of the 
modern conftellations of the fouthern hemifphere, con- 
fifting of nine fmall ftars. 

TRACTORS, Metallic. See Periunism in this 
Suppl. 

in geometry, a curve line, called Tradtrix 
ivhldl fee anrt A B r* W . Encyclopdtdea and Arch,^ . 

TRACTRIX, 
alfo Catenaria ; 
SuppL 

TRADESCANT (John), an ingenious naturalift 
and antiquary, was, according to Anthony Wood, a 
Fleming or a Dutchman. We are informed by Parkin- 
fon, that he had travelled into moft parts of Europe, 
and into Barbary ; and from fume emblems remaining 
upon his monument in Lambeth church.-yard, it plainly 
appears that he had vilited Greece, Egypt, and other 
eaftern countries. In his travels, he is fuppofed to have 
collected, not only plants and feeds, but moft of thofe 
curibfities of every fort which, after his death, were fold 
by his fon to the famous Elias Afhmole, and depofited 
in his mufeum at Oxford. When he firft fettled in this 
kingdom cannot, at this diftance of time, be afeertained. 
Perhaps it wras at the latter end of the reign of Queen 
Elizabeth, or the beginning of that of King James I. 
His print, engraven by Hollar before the year 1656, 
which reprefents him as a perfon very far advanced in 
years, feems to countenance this opinion. He lived in 
a great houfe at South Lambeth, where his mufeum 
was frequently vifited by perfons of rank, who became 
benefactors thereto: among thefe were King Charles I. 
(to whom he was gardener), Henrietta Maria his Queen, 
Archbifhop Laud, George Duke of Buckingham, Ro- 
bert and William Cecil, Earls of Saliftmry, and many 
other perfons of diilin&ion, John Tradefcant may 
therefore be juftly confidered as the earlieft collector 
(in this kingdom) of every thing that was curious in 
natural hiftory, viz. minerals, birds, fifties, infeCIs, &c. 
He had alfo a good colleCfion of coins and medals of 
all forts, befides a great variety of uncommon rarities. 
A catalogue of thefe, publilhed by his fon, contains 
an enumeration of the many plants, ftirubs, trees, &c. 
growing in his garden, which was pretty extenfive. 
Some of thefe plants are, if not totally extind, at leaft 
become very uncommon, even at this time : though this 
able man, by his great induftry, made it manifeft, in 
the very infancy of botany, that there is fcarce any 
plant extant in the known world that will not, with pro- 
per care, thrive in this kingdom. 

When his houfe at South Lambeth, then called 
Tradejcands Ark, came into Aftnnole’s pofleflion, he 
added a noble room to it, and adorned the chimney 
with his arms, impaling thofe of Sir William Dugdale, 
wLofe daughter was his third wife ; where they remain 
to this day. 

It were much to be wiftied, that the lovers of bota- 
ny had vifited this once famous garden before, or at 
leaft in the beginning of the 1 7th century. But this 
feems to have been totally negle&ed till the year I749> 
when Dr Watfon and the late Dr Mitchell favoured 
the Royal Society with the only account now- extant of 
the remains of Tradefcant’s garden. 

When the death of John Tradefcant happened is not 
known ; no mention being made thereof in the regifter- 
book of Lambeth church. 

TRAJECTORY, a term often ufed, generally for 
the path of any body, moving either in a void, or in a 
medium that refills its motion * or even for any curve 
palling through a given number of points. Thus New- 
ton, Princip. lib. I. prop. 22. propofes to deferibe a 
trajectory that lhall pafs through five given points. 

TRAITOR’S 



T R A 
Traitoi' 
Jfland 

r 7 
TRAITOR’S Island, one of the Archipelago call- 

ed NjyiG/iTORs IJlands, in the South Sea (See that 
Tranflation.artl*ck SuppL). It is low and flat, with only a hill of 

jfome height in the middle; and is divided into two 
parts by a channel, of which the mouth is about 150 
toifes wide. It abounds with bananas, yams, and the 
fineft cocoa-nuts, which Peroufe fays he ever faw. A- 
bout twenty canoes approached the French fhips with- 
out dread, traded with a good deal of honefty, and ne- 
ver refufed, like the natives of the archipelago of Na- 
vigators, to give their fruit before they were paid for 
it ; nor, like them, did they give a preference to beads 
over nails and pieces of iron. They fpoke, however, 
the fame language, and had the fame ferocious look; 
their drefs, their manner of tatowing, and the form of 
their canoes, were the fame; nor could we (fays the 
author) doubt that they were one and the fame people: 
they differed, indeed, in having univerfally two joints 
cut off from the little finger of the left hand ; whereas, 
in the iflands of Navigators, I only perceived two indi- 
viduals who had fuffered that operation. They were 
a.lfo of much lower ftature, and far lefs gigantic make ; 
a difference proceeding, no doubt, from the foil of thefe 
iflands, which being lefs fertile, is confequently lefs fa- 
vourable to the expanfion of the human frame. 

TRAMMELS, in mechanics, an inftrument ufed by 
artificers for drawing ovals upon boards, &c. One part 
of it confifts of a crofs with two grooves at right angles; 
the other is a beam carrying two pins, which Aide in 
thofe grooves, and alfo the deferibing pencil. All the 
engines for turning ovals are conftra&ed on the fame 
principles with the trammels : the only difference f?, 
that in the trammels the board is at reft, and the pen- 
cil moves upon it; in the turning engine, the tool, 
which fupplies the place of the pencil, is at reft, and 
the board moves againft it. See a demonftration of the 
chief properties of thefe inftruments by Mr Ludlam, in 
the Phil. Tranf vol. Ixx. p. 378, &c. 

TRANSFORMATION, in geometry, is the chan- 
ging or reducing of a figure, or of a body, into another 
of the fame area, or the fame folidity, but of a different 
form. As, to transform or reduce a triangle to a fquare, 
or a pyramid to a parallelopipedon. 

Transformation of Equations^ in algebra, is the 
changing equations into others of a different form, but 
of equal value. This operation is often neceffary, to 
prepare equations for a more eafy folution. 

TRANSLATION, in literature, is a matter of fo 
much importance, that no other apology can be made 
for the very imperfetk manner in which it is treated in 
the Encyclopadia, than a candid declaration that it was 
:mpoflible to enter at all upon the fubjedi within the 
narrow limits to which we were then reftridfed by the 
propnetors of the wotk. Fhe fundamental laws of 
tranflation, which we gave in that article, we believe 
indeed to be incontrovertibly juft ; but we are forry 
that our inaccurate expreftions have led fome of our 
readers to fuppofe that Mr Tytler, in his effay, has 
done nothing more than illuftrate the ideas tbat were 
fuggefted to him by Dr Campbell. The truth is, that 
the fame ideas of a juft tranflation occurred to thefe two 
ingenious writers at-the fame time, without the fmal- 
*e:. communication with each other ; and this fadt, 
winch confifts with our own knowledge, is furely a 
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corroboration of the laws laid down by both; but theTranflatiod 
queftion is, how are thefe laws to be obeyed ? —V' ,-J 

In order that a tranflator may be enabled to give a 
complete tranfeript of the ideas of the original work, it 
is almoft needlefs to obferve, that he muib poflefs a per- 
fect: knowledge of both languages, that of his au- 
thor, and that into which he is to tranflate ; and that 
he mult have a competent acquaintance with the fub- 
jedl of which his author treats. Thefe propofitions we 
eonfider as felf-evident ; but if any of our readers fhall 
be of a different opinum, we refer them to an EJfay on the 
Principles of Tranjlation, publifhed 1797 by Cadell and 
Davies, London, where they will find our dodtrine very 
clearly illuftrated. It may be proper to add, that 
fuch a knowledge of the Greek and Latin languages as 
merely enables a man to read them with eafe and enter- 
tainment to himfelf, is by no means fufficient to qualify 
him for tranflating every Greek and Latin book, even 
though it treats of a fubjedl with which be has a gene- 
ral acquaintance. The religious rites and ceremonie* 
of the Greeks and Romans, as well as the radical words 
of their language, were derived from the Eaft ; and he 
who is an abfolute ftranger to oriental literature, will 
be very liable to miftake occafionally the fenfe of Greek 
and Roman authors who treat of religious fubjedls. We 
could illuftrate the truth of this pofition by quotations 
from fome of the moft admired modern tranflations of 
the Greek Scriptures, which we have no hefitation to 
fay fall very fhort of the authorifed verfion in accuracy 
as well as in elegance. The divines employed by King 
Tames to tranflate the Old and New Teftaments were 
profoundly (killed in the learning, as well as in the i'an- 
guages, of the Eaft; whilft fome of thofe who have 
prefumed to improve their verfion feem not to have pof- 
fefled a critical knowledge of the Greek tongue, to 
have known (till lefs of the Hebrew, and to have been 
abfolute ftrangers to the dialed fpoken in Judea in the 
days of our Saviour, as well as to the manners, cuftoms, 
and peculiar opinions of the Jews feds. Neither me- 
taphyfical acutenefs, nor the moft perfed knowledge of 
the principles of tranflation in general, will enable a 
man who is ignorant of thefe things to improve the au- 
thorifed' verfion either of the Gofpels or the Epiftles j 
for fuch a man knows not accurately, and therefore 
cannot give a complete tranfeript of the ideas of the 
original work. 

But fuppofing the tranflator completely qualified with 
refped to knowledge, it becomes a queftion, whether 
he may, in any cafe, add to or retrench the ideas of Itfs 
author? We are ftrongly inclined to think, that, in no 
cafe, it is allowable to take fuch liberties ; but the in- 
genious and elegant eflayift, whofe work on the prin- 
ciples of tranflation we muft always quote with refped, 
is of a different opinion. “ To give a general anfwer 
(fays he) to this quelhon, I would fay, that this liberty 
may be uled, but with the greateff caution. It muft 
be further obferved, that the fuperadded idea fhall have 
the moft neceflary connedion with the original thought, 
anu adually increafe its force. And., on the other hand, 
that whenever an idea is cut off by the tranflator, it 
muPc be only fnch as is an acceffory, and not a prin- 
ciple, in the claufe or ientence. It muft likewife be 
confeffedly redundant, fo that its retrenchment fhall not 
impair or weaken the oiiginal thought. Under thefe • 

limitations, 
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Tranfla- limitations, a tranflator may exercife his judgment, and 
tion. aflame to himfelf, in fo far, the character of an original 

writer.” 
Of the judicious ufe, as he thinks it, of this liberty, 

the author quotes many examples, of which we {hall fe- 
ted three, as well calculated to illuftrate our own ideas 
of the fubjed. 

In the firft book of the Iliad, Achilles, having re- 
folved, though indignantly, to give up Brifeis, defires 
Patroclus to deliver her to the heralds of Agamemnon : 

TL( <pctr»‘ llarp'jxxo? <ff fiXa Irccipa’ 
Ex. .t’ atyxys xXitpic Bpia-iuSa. x.a K\i7ra.pti'jvy 
Aiixt t’ cryttv" to S' avric ‘tmh -rccpx vr,x{ A yxtav' 
*H t’ ar.tovf' dfxx roian yvvn xuv" llias, A. 345* 

Patroclus now th’ unwilling beauty brought ; 
She in foft forrows, and in penlive thought, 
Part filent, as the heralds held her hand, 
And oft look’d back, flow moving o’er the ftrand. 

Pope. 

Our author thinks, and we heartily agree with him, 
that the amplification in the three lafl lines of this ver- 
fion highly improves the efied of the pidure ; but we 
cannot cqnfider this amplification as a new idea fuper- 
added. It was the objed of Homer to inform bis 
countrymen, that Brifeis went with the heralds unwil- 
lingly. This he does by the words i S’ aKtuvc' cc pax tokti 
yuv» xifv* and it is by no means improbable, that the 
rhythmical movement of the verfe may have prefented 
to the ancient Greeks the image of the lady walking 
flowly and. reludantly along. This image, we are fine, 
is not produced by a literal tranflation of the Greek 
words into Englifh; and therefore it was Pope’s duty, 
not to add to the ideas of the original, but, by amplifi- 
cation, to prefent to his own countrymen the pidure 
which Homer, by the fuperiority of the Greek lan- 
guage and rhythm, had prefented to his. 

In the ninth book of the Iliad, where Phoenix re- 
minds Achilles of the care he had taken of him while 
an infant, one circumflance, extremely mean, and even 
difgufting, is found in the original: 

-OTt Sr it' ct' cpaiuTtv cya yovvamri xa8i<rcr«f 
Oj/ou t’ curcupa tp'nxpxuv, xxi otvov 
HiXAaxi pc',t xxrtS vtrx( iti rrOarxi ^irava, 
Oitiv XTTofiPvlov (» \1n7rar uxiymn. 

The literal verfron of thefe lines is indeed very grofs : 
“ When I placed you before my knees, I crammed you 
with meat, and gave you wine, which you often vomit- 
ed upon my bofom, and ftained my clothes, in your 
troublefome infancy but we cannot agree with our 
author, that the Englifh reader is obliged to Pope for 
having altogether funk this naufeous image. What is, 
or ought to be, our objed in reading Homer? If it be 
merely to delight our ear with fonorous lines, and pleafe 
our fancy with grand or fplendid images, the tranflator 
certainly did right in keeping out of view this difguft- 
ing pidure of favage life ; but when he did fo, he can- 
not be faid to have given a complete tranfeript of his 
author’s ideas. To pleafe ourfelves, however, with 
fplendid images, is not our only objed. when ftudying 
the works of the ancient poets. Another, and in our 
opinion a more important objed, is to acquire a lively 
notion of ancient manners; and if fo, Pope grofily 
mifleads the mere Englifh reader, when, iuftead of the 

beaflly image of Homer, he prefents him with the fol- 
lowing feene, which he may daily meet with in his own 
family, or in the families of his friends: 

Thy infant breafl a like aftVdion fhow’d, 
Still in my arms, an ever pleafing load ; 
Or at my knee, by Phoenix would’ft thou ftand. 
No food was grateful but from Phoenix hand: 
I pafs my watchings o’er thy helplefs years, 
The tender labours, the compliant cares. 

This is a pidure of the domeflic manners of Great Bri- 
tain in the 19th century, and not of Greece in the he- 
roic ages. 

In the beginning of the eighth book of the Iliad, Ho. 
mer puts into the mouth of Jove a very ftrange fpeech, 
fluffed with braggart vaunting and ludicrous images. 
This, as our author obferves, is far beneath the dignity 
of the thunderer ; but it is only beneath the dignity of 
the thunderer as our habits and modes of thinking com- 
pel us to conceive fuch a being. The thunderer of the 
Greeks was a notorious adulterer and fodomite, whofe 
moral charader finks beneath that of the meanefl of our 
bravos; and as he had dethroned his father, and waged 
for fomc time a doubtful war with certain earthly giants, 
it does not appear to us that the boafling fpeech which 
Homer puts into his mouth is at all unfuitable to his 
acknowledged attributes. But whether it be or not, 
was not the tranflator’s concern. Homer, when he 
compofed it, certainly thought it not unworthy of the 
thunderer ; and whatever Pope’s opinion might be, he 
had no right to fubflitute his own notions of propriety 
for thofe of his author. The mythological tales of the 
poets, and more efpecially of Homer and Hefiod, con- 
flituted, as every one knows, the religious creed of the 
vulgar Greeks (fee Polytheism, n° 33. Encycl.) ; and 
this circumflance makes it doubly the duty of a tranfla- 
tor to give, on fuch fubjeds, a fair tranfeript of his au- 
thor’s ideas, that the mere Englifh reader, for whom he 
writes, may know what the ancients really thought of 
the objeds of their idolatrous worfhip. This Pope has 
not done in the fpeech under confideration ; and has 
therefore, in our opinion, deviated widely from the firfl 
and mofl important of the three general laws of tranfla- 
tion. Johnfon has apologized, we think fufliciently, 
for many of Pope’s embellifhments of his author ; but 
he has not attempted to make an apology for fuch em- 
bellifhments as alter the fenfe. We cannot indeed con- 
ceive a pretence upon which it can ever be allowable in 
a tranflator to add to the ideas of his author, to re- 
trench, or to vary them. If he be tranflating hiftory, 
and find his author advancing what he believes to be 
falfe, he may corred him in a note ; but he has no right 
to make one man utter, as his own, the belief or the 
fentiments of another, when that belief, and thofe fen- 
timents, are «o/-his own. If he be tranflating a work 
of fcience, he may likewife corred the errors of his au- 
thor in notes, as Dr Clerke correded thofe of Ro- 
hault; but no man has a right to give to a Rohault 
the fcience of a Newton. The tranflator of a poem 
may certainly employ amplification to place in a flriking 
light the images or the fentiments of the original work ; 
but he muft not alter thofe images or fentiinents fo as 
to make that appear grand or elegant in the verfion 
which is mean or difgufting in the original. On every 

occafioa 
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occafion on which he takes fuch liberties as thefe, he 
ceafes to be a tranflator, and becomes a faithlefs para- 
phraft. 

The fecond general law of trandation, though cer- 
tainly Id's important, is perhaps more difficult to be ob- 
ferved than the hrft. We have dated it in thefe words : 
(See Translation, Encycl.) “The dyle and manser 
of the oiiginal fhould be preferred in the tranflation 
but it is obvious, that this cannot be done by him who 
poffedes not fefficient tade and judgment to afcertain 
with precifion to what clafs the dyle of the original 
belongs. “ If a tranflator fail in this difcernment, and 
want this capacity, let him be everfo thoroughly mader 
of the fenfe of his author, he will prefent him through 
a didorting medium, or exhibit him in a garb that is 
unfuitable to his charafter.” It would obvioufly be 
very improper to tranflate the elegantly Ample language 
of Caefar into rounded periods like thofe of The Ram- 
bler, or the Orations of Cicero into the language of 
Swift. 

The chief charafteridic of the hidorical dyle of the 
facred Scriptures is its dmplicity ; and that fimplicity 
is, for the mod part, well preferved in the authorifed 
verfion. It is, however, lod in many of the modern 
verfions. Cadalio’s, for indance, though intitled to the 
praife of elegant latinity, and though, in general, faith- 
ful to the fenfe of the original, yet exhibits numberlefs 
tranfgreffions of the law which is now under contidera- 
tion. Its fentences are formed in long and intricate pe- 
riods, in which many feparate members are artfully com- 
bined; and we obferve a condant endeavour at claflical 
phrafeology and ornamented didlion, indead of the beau- 
tiful liniplicity of the original. 

The verlion of the Scriptures by Arias Montanus 
Is, in Tome refpe&s, a contrad to that of Cadalio. By 
adopting the literal mode of trandation, Arias undoubt- 
edly intended to give as faithful a picture as he could, 
both of the fenfe and of the manner of the original. 
Not attending to the peculiar idioms of the Hebrew, 
Greek, and Latin tongues, which, in foine refpe&s, are 
very different from each other, he has, by giving to his 
Latin the combination and idioms of the two di d of 
thefe languages, fometimes made the facred writers talk 
abfurdly. In Latin, as every fchool-boy knows, two 
negatives make an affirmative, whild in Greek they add 
force to the negation, <?u J'uKttrfi* ou/tv lignifies, 
“ Without me ye can do nothing,” or, “ Ye cannot 
pojfibly do any thing;” but Arias has tranflated the 
words fine me non potejlis facere nihil, i. e. “ without me 
ye cannot do nothing,” or, “ ye mufl do fomething,” 
which is dire&ly contrary to the meaning of our Lord. 
It is not therefore by t ran dating literally or verbally 
that we can hope to preferve the dyle and manner of 
the original. 

To exprefs in dorid or elevated language the ideas 
of an author who writes himfelf in a Ample dyle, is not 
to give in the verfion a jud pidbure of the original; hut 
to attempt, for the fake of verbal accuracy, to intro- 
duce into one language the peculiar idioms or condruc* 
tion of another, is dill worfe ; as in this mode of tranfla- 
tion the fenfe, as well as the manner of the original, is 
loft. The rule obvioufly is to ufe, in the verfion, the 
words and phrafeology which we have reafon to be- 
lieve that the author would himfelf have ufed, had he 
been mafter of the language into which we are tranfla- 
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ting his ideas. Thus, if we are to tranflate into Englifh Tranfli- 
a piece of elegantly llniple Greek or Latin, we mud “°n> 

make ourfelves completely mader of the author’s mean- v lji 

ing, and, negle&ing the Greek or Latin idioms, exprefs 
that meaning in elegantly fimple Engliffi. We need 
not add, that when the language of the original is florid 
or. grand, if that dyle be fuited to the fubjedl, the lan- 
guage of the tranflation diould be dorid or grand like- 
wife ; but care mud always be taken that perfpicuity be 
not facridced to ambitious ornaments of any kind ; for 
ornaments which obfeure the fenfe are worfe than ufe- 
lefs. 

If thefe rededtions be jud, it is obvious that a poem 
cannot be properly tranflated into profe. The mere 
fenfe may doubtlefs be thus transferred from one lan- 
guage into another, as has generally been done by Mac- 
pherfon in his hobbling verdon of the Iliad, and per- 
haps more completely by a late tranflator of Anacreon; 
but in fuch a verdon, the dyle and manner of the ori- 
ginal mud neceffarily be lod. Of this the following 
accurate profe tranflation of Anacreon's ninth ode (ua 
a dove) is a driking indance : 

“ O lovely Pigeon ! whence, whence do you fly ? 
Whence, fpeeding through the air, do you breathe, and 
didil fo many perfumes ? Who is your mafter ? For it 
concerns me to know. ‘ Anacreon fent me to a youth, 
—to Bathyllus, at prefent the prince, and difpodng of 
all things. Venus fold me, receiving a little hymn in 
return. And I ferve Anacreon in fuch tranfadtions as 
thefe : and now I carry his letters, fuch as you fee : 
and he affirms that he will immediately make me free. 
But I will remain a fervant with him although he may 
difmifs me ; For wherefore does it behove me to fly, 
both over mountains, and ftelds, and to perch on trees, 
devouring fome rudic food ? Now indeed I eat bread, 
fnatching it from the hands of Anacreon himfelf; and 
he gives to me the wine to drink which he drinks be- 
fore me ; and having drunk, I perhaps may dance, and 
cover my mader with my wings : then going to red, I 
fleep upon the lute itfelf. You have it all ;—begone : 
you have made me more talkative, O mortal! than even 
a *•”. ... . . * 7Ze Odes 

How inferior is the general effedl of this piece oiAnacreon, 
profe to that of the well known poetical verfions oftranjlated 
Addifon and Johnfon ? and yet the mere ideas of the1"^ 
original are perhaps more faithfully tranferibed by this^^’^f" 
anonymous writer than by either of thofe elegant tranf- 17s,6. * 
lators. The emotions indeed excited by the original 
are not here brought into view. 

The third general law of tranflation is fo nearly allied 
to the fecond, that we have very few directions to give 
for the obfervation of it. He who, in his verfion, pre- 
ferves the dyle and manner of the original, as we have 
endeavoured to (hew that they ought to be preferved, 
will, of courfe, give to the tranflation the eafe of ori- 
ginal compofltion. The principal difficulty that he has 
to encounter in this part of his talk, will occur in the 
tranflating ot idiomatical and proverbial phrafes. Hard- 
ly any two languages are condruCted precifely in the 
fame way ; and when the flru&ure of the Englifh lan- 
guage is compared with that of the Greek and Latin, 
a remarkable difference between the ancient and mo- 
dern topgues is found to pervade the whole. This muft 
occafion very confiderable difficulty ; but it is a diffi- 
culty which will be removed by a due obfervance of the 

former 
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Tranfla- former law, which dire&s the tranflator to make his au- 

tion. thor fpeak Engliih in fuch a ftyle to Engliftimen as he 
Vj" * fpoke his own tongue to his own countrymen, and of 

courfe to ufe the EngliOi idiom with Englifh words. 
But what is to be done with thofe proverbial phrafes of 
which every language has a large colle£tion, and which 
allude to local cultoms and manners i 

The ingenious author of the Efl'ay fo often quoted, 
very properly obferves, in anfwer to this queltion, that 
the tranllation is perfect when the tranflator employs, 
in his own language, an idiomatic phrafe correfponding 
to that of the original. “ It is not (fays he) poflible 
perhaps to produce a happier inftance of tranflation by 

* Trljfram correfponding idioms, than Sterne has given * in the 
Shandy. tranflation of Slawkenbergius’s tale. Nihil me penitet 

hujus nafi, quoth Pamphagus ; that is, “ My nofe has 
been the making of me.” Nec ejl cur pceniteat ; that is, 
“ How the deuce fliould fuch a nofe fail V’ Miles pe- 
regrini in faciem fufpexit ! “Thecentinel looked into 
the ftranger’s face. Never faw fuch a nofe in his life !” 

“ As there is nothing (continues our author) which 
fo much conduces both to the eafe and fpirit of compo- 
fition as a happy ufe of idiomatic phrafes, there is no- 
thing which a tranflator, who has a moderate command 
of his own language, is fo apt to carry to an extreme.” 
Of this he gives many llriking examples from Echard’s 
tranflations of Terence and Plautus, for which we mull 
refer the reader to the Eflay itfelf. He obferves, like- 
wife, that in the ufe of idiomatic phrafes, a tranflator 
frequently forgets both the country of his original au- 
thor, and the age in which he wrote ; and while he 
makes a Greek or Roman fpeak French or Englilh, he 
unwittingly puts into his mouth allufions to the man- 
ners of modern France or England. This, to ufe a 
phrafe borrowed from painting, may be termed an of- 
fence againlt the cojlume The proverbial expreflion 
(ixT^a^a JJaf, in Theocritus, is of limilar import with 
the Englilh proverb, to carry coals to Newcajlle ; and 
the Scotch, to drive fait to Dyfarl; but it would be a 
grofs impropriety to ufe either of thefe exprefiions in 
the tranflation of an ancient clalfic. Of fuch impro- 
prieties our author points out many inftanccs both in 
French and Englilh tranflations of the dallies ; and he 
might have increafed the number by quotations from 
Blackwell’s Memoirs of the Court of Auguftus, where, 
inllead of Roman fenators and their wives, we meet 
with modern gentlemen and ladies, with fecretaries at 
war, paymajlers, commiffary generals, and lord high ad- 
mirals. It is true the Memoirs of the Court of Auguftus 
is no tranflation ; but with refpeft to coltume, it is ne- 
ceflarily fubjeft to the laws of tranflation. 

Offences againft coftume are often committed by the 
, ufe of improper words as well as of improper phrafes. 

To introduce into dignified and folemn compofition 
words alfociated with mean and ludicrous fubje&s, is 
equally a fault in an original author and in a tranllator ; 
and it is obvioufly improper, in the tranflation of works 
of very high antiquity, to make ufe of words which 
have but lately been admitted into the language of the 
tranflator. Faults of this kind are very frequent in Dr 
Geddes’s tranflation of the Bible, as when the pajfover 
is called the Jkipover ; the tabernacle of the congrega- 
tion, the convention-tent ; and a burnt-offering, a holo- 
caujl. The firft of thefe expreflions prefents to the 
imagination an image profanely ludicrous; the fecond, 
brings into our view the French Convention, which, 
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we fufpe&, occupied no fmall-portion of the Dolor’s Tranla- 
thoughts, when they fhould have been wholly employed tion 

on the facred text ; and the word holocaujl, which mull Travepr. 
be unintelligible to the mere Englifti reader, is, in the ^ 
mind of every man of letters, clofely affociated with the 
abominable rites performed at the facrilices of the an- 
cient heathens. But it is needlefs to point out faults 
of this kind in a work which is open to more ferious 
objedtions, and which, we truft, ftiall never be generally 
read. We are forry that truth compels us to fay, that 
the novel expreflions introduced by Dr Campbell into 
his verfion of the gofpels—fuch as confluence for mul- 
titude, and reign for kingdom—are, to fay the belt of 
them, no improvements of the authorifed verfion. We 
will not rank them with Dr Geddes’s innovations, be- 
caufe we will not dafs the great author of the Dijferta, 
tion on Miracles with a paradoxical Chriftian of no com- 
munion ; but we do not think that Dr Campbell’s lau- 
rels were freihened on his brow by the tranflation of the 
Gofpels. 

We fliall conclude this article with the following re- 
fledlions, taken from the Effay which has been fo often 
quoted : 

“ II the order in which we have claffed the three ge- 
neral laws of tranflation be their juft and natural ar- 
rangement, which, we prefume, will hardly be denied, 
it follows, that, in every cafe where it is neceffary to 
make a facrifice of one of thefe law's to another, a due 
regard ought to be paid to their rank and comparative 
importance. When the genius of the original language 
differs much from that of the tranflation, it is often ne- 
ceffary to depart from the author’s manner in order to 
convey a faithful picture of his fenfe ; but it would be 
highly prepofterous to depart, in any cafe, from the 
fente, for the fake of imitating the manner. Equally 
improper would it be, to facrifice either the fenfe oi* 
manner of the original, it thefe can be preferred confift- 
ently with purity of expreflion, to a fancied eafe or fu- 
perior gracefulnefs of compofition ; and it is certain 
that the ienfe may always be preferved, though to pu- 
rity of expreflion.the manner of the original muft fome- 
tiroes be facrificed.” 

I RAPEZOID, fometimes denotes a trapezium that 
has two ot its tides parallel to each other ; and tome- 
times an irregular folid figure, having tour tides not pa- 
rallel to each other. 

TRAVERSE, in gunnery, is the turning a piece of 
ordnance about, as upon a centre, to make it point in 
any particular direction. 

Traverse, in fortification, denotes a trench with a 
little parapet, fometimes two, one on each fide', to ferve 
as a cover trom the enemy that might come in flank. 

’Iraverse, in a wet lols, is a fort ot gallery, made 
by throwing fauciflbns, joifts, fafeines, ftones, earth, 
&c. into the fofs, oppoiite the place where the miner 
is to be put, in order to fill up the ditch, and make a 
paffage over it. 

Traverse alfo denotes a wall of earth, or (tone, rai- 
fed acrofs a work, to flop the Ihot from rolling along it. 

Traverse alfo tometimes fignifies any retrenchment, 
or line fortified with fafeines, barrels, or bags of earth, 
or gabions. 

TRAVESTY, or burlefque tranflation, is a fpecies - 
of writing which, as it partakes, in a great degree, of 
original cornpolition, is not to be meafured by the laws 
of ferious tranflation. It conveys neither a juft pi&ure 
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a faithful reprefentation of the 

T tcade. 

T R 
Travefty of the fentiments, not 

ftyle and mariner of the original ; but pleafts itfelf in 
_ exhibiting a ludicrous character of both. It difplays 

an overcharged and grotefque refemblance, and excites 
our rifible emotions by the incongruous affociation of 
dignity and meannefs, wifdom and abfurdity. This 
affociation forms equally the balls of travefty and of lu- 
dicrous parody, from which it is no otherwife diftin- 
guifhed than by its affuming a different language from 
the original. In order that the mimickry may be un- 
derftood, it is neceffary that the writer choofe, for the 
exercife of his talents, a work that is well known, and 
of great reputation. Whether that reputation is de- 
ferved or unjuft, the work may be equally the fubjeffc 
of burlefque imitation. If it has been the fubjeft of 
general but undeferved praife, a parody or a travefty is 
then a fair fatire on the falfe tafte of the original au- 
thor and his admirers, and we are pleafed to fee both 
become the objedls of a juft caftigation. The Rehear- 
fal, Tom Thumb, and Crcnonhotonthologos, which exhi- 
bit ludicrous parodies of paffages from the favourite 
dramatic writers of the times, convey a great deal of 
juft and ufeful criticifm. If the original is a work of 
real excellence, the travefty or parody detrafts nothing 
from its merit, nor robs the author of the fmalleft por- 
tion of his juft praife. We laugh at the aflbciation of 
dignity and meannefs ; but the former remains the ex- 
clufive property 6f the original, the latter belongs fole- 
ly to the copy. We give due praife to the mimical 
powers of the imitator, and are delighted to fee how 
ingenioully he can elicit fubje&s of mirth and ridicule 
from what is grave, dignified, pathetic, or fublime. 

But this fpecies of compofition pleafes only in a Ihort 
fpecimen. We cannot bear a lengthened work in tra- 
vefty. The incongruous aflbciation of dignity and 
meannefs excites rilibility chiefly from its being unex- 
pe&ed. Cotton’s and Scarron’s Virgil entertain but 
for a few pages : the compofition foon becomes tedious, 

Triangle.. 

1 T R .1 
TREBISOND, a large, populous, and ftrong town Trebifond 

of Turkey in Afia, in the province of Jenich, with a 
Greek archbifliop’s fee, a harbour and a caftle. It is 
feated at the foot of a very fteep hill. The walls are 
fquare and high, with battlements ; and are built with 
the ruins of ancient ftruftures, on which are infcriptions 
not legible. The town is not populous ; for there are 
more woods and gardens in it than houfes, and thefe 
but one ftory high. The caftle is feated on a flat rock, 
with ditches cut therein. The harbour is at the eaft 
end of the town, and the mole built by the Genoefe is 
almoft deftroyed. It Hands on the Black Sea, 104 
miles north-weft of Erzerum, and 440 eaft of Conftan- 
tinople. E. Eon. 40® 25'. N. lat. 400 45'. 

TREE. Under this title [JEncycl.) we gave an ac- 
count of the method recommended by Meflrs Forfyth 
and Hitt for curing injuries and defe&s in trees. The 
adtual cautery is employed in Cevennes, and in the de- 
partment de 1’Allier, in France, for flopping the pro- 
grefs of rottennefs in large trees. When they perceive 
that this very common and deftru&ive difeafe begins to 
make fome progrefs in the chefnut-tree, by excavating 
its trunk, they colledt heath and other combuftible ve- 
getables, and burn them in the very cavity, till the fur- 
face is completely converted into a coal. It feldom hap- 
pens that the tree perilhes by the effeft of this opera- 
tion, and it is always found that this remedy fufpends 
the progrefs of the decay. It is pra&ifed in the fam-e 
manner, and with ftmilar fuccefs, on the white oak. 
When we compare the effects of the a&ual cautery on 
the animal fyftem, in fimilar difeafes, a new refemblance 
is feen between the difeafes which affedl the organic be- 
ings of both kingdoms, as well as between the remedies 
by which they may be oppofed.—Nicholj'on's Journal, 

TRIANGLE, A rithmetical, a kind of nume- 
ral triangle, or triangle of numbers, being a table of 
certain numbers difpofed in form of a triangle. It 
was fo called by Pafcal ; but he was not the inventor of 

3 
6 

10 
15 
21 
&c. 

i 
4 

10 
20 
&c. 

5 
&c. 

and at length difgufting. AVe laugh at a fhort exhibi- 'this table, as fome writers have imagined, its properties 
tion of buffoonery ; but we cannot endure a man who, having been treated of by other authors fome centuries 
with good talents, is conftantly playing the fodl. before him, as is {hewn in Dr Hutton’s Mathematical 

TREACLE (fee Encycl.) or Melasses, is a fub- Tra&s, vol. i. p. 69. &c. 
ftance very wholefome, but of a tafte difagreeably fweet. The form of the triangle is as follows : 
Methods have accordingly been propofed for purifying it, 1 
fo as that it may, on many occafions, fupply the place of 1 
refined fugar, which has longbeen at a price which a great 
number of poor perfons cannot afford to pay for what 
muft now be conlidered as a neceffary of life. The fol- 
lowing is the procefs for purifying treacle, given by the 
M. Cadet (Devaux) in the Feuille du Cultivateur, founded 
upon experiments made by Mr Lowitz of Peterfburgh : 

Take of treacle 24.1bs. of water 24. lbs, of charcoal, 
thoroughly burnt, 6 lbs. Bruife the charcoal grofsly, 
mix the three fubftances in a caldron, and let the mix- 
ture boil gently upon a clear wood fire. After it has 
boiled for half an hour, pour the liquor through a ftrain- 
ing-bag, and then replace it upon the fire, that the fu- 
perfluous water may be evaporated, and that the trea- 
cle may be brought to its original confiftence. There 
is little or no lofs by this operation, as 24 lbs. of treacle 
give nearly the fame quantity of fyrup. 

Ibis procefs has been repeated in the large way, and 
has fucceeded : the treacle is fenlibly ameliorated, fo 
that it may be ufed for many difhes; neverthelefs, thofe 
with milk, and the fine or aromatic liqueurs, are not near 
fo good a| with fugar. 

And it is conftru&ed by adding always the lad two- 
numbers of the next two preceding columns together, 
to give the next fucceeding column of numbers.’ 

The firft vertical column confifts of units; the fecond, 
a feries of the natural numbers 1, 2, 3, 4, &c.; the 
third, a feries of triangular numbers 1, 3, 6, 10, &c. ; 
the fourth, a feries of pyramidal numbers, &c. The 
oblique diagonal rows, defeending from left to right, 
are alfo the fame as the vertical columns. And the 
numbers taken on the horizontal lines are the co-effi- 
cients of the different powers of a binomial. Many 
other properties and ufes of thefe numbers have been 
delivered by various authors, as may be feen in the In- 

trodu&ion 
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Trhnsular trodu&ion to Hutton’s Mathematical Tables, pages 7, 

75» 7^> 77» 89, fecond edition. 
TRIANGULAR Compasses, are fuch as have 

three legs or feet, by which any triangle, or three points, 
may be taken off at once. Thefe are very ufeful in the 
conftruCtion of maps, globes, &c. 

Tmangular Numbers, are a kind of polygonal num- 
bers; being the fums of arithmetical progrefiions, which 
have 1 for the common difference of their terms. 

Thus, from thefe arithmeticals 1 2 3 4 5 6, 
are formed the triangular numbers 1 3 6 10 15 2 1, 
or the third column of the arithmetical triangle above 
mentioned. 

The fum of any number n of the terms of the trian- 
gular numbers, 1, 3, 6, 10, &c. is = 

+ •L+i 
2 3 

« v n "i" 1 
or _ X   X - 

1 2 
+ 2 

Triftan. 

6231 2 3 
which is alfo equal to the number of (hot in a triangu- 
lar pile of balls, the number of rows, or the number 
in each fide of the bafe, being n. 

The fum of the reciprocals of the triangular feries, 
infinitely continued, is equal to 2 ; viz. 

I + T + * "5" tV + tt> &c* = 

For the rationale and management of thefe numbers, 
fee Malcolm's Anth. book 5. ch. 2. ; and Smpfon'% Al- 
geb. fee. 15. 

TRIESTE, a fmall, but ftrong and ancient feaport 
of Italy, in Iffria, on the gulph of Venice, with a 
bifhop’s fee. It is beautifully fituated on the fide of a 
hill, about which the vineyards form a femicircle. The 
Hreets are narrow; but there is a large fquare, where 
they keep the annual fair. The harbour is fpacious, 
but not good ; becaufe it is open to the W. and S. W. 
winds. The inhabitants have a good trade in fait, oil, 
almonds, iron, &c. brought from Laubach ; and they 
make good wines. The cathedral, and the late Jefuits 
church, are the two beft buildings. It belongs to the 
Houfe of Auftria, and is eight miles north of Capo 
d’Utria, and 80 north-eaff of Venice. E. Long. 14. 4. 
N Lat. 4?. 56. 

TRINITARIANS (Order of), was inftituted at 
Rome in the year 1 198, under the pontificate of Inno- 
cent III. the founders whereof were John de Matha 
and Felix de Valois. His Holinefs gave them permif- 
fion to effablifh this order for the deliverance of cap- 
tives, who groaned under the tyranny of the infidels : 
he gave them as a habit a white gown, ornamented with 
a red and blue crofs. After the death of the two 
founders, Pope Honorious III. continued the order ; 
and their rule was approved by his fucceffor Clement 
IV. in 1367. At firil they were not permitted to eat 
flefh ; and when they travelled, were to ride only upon 
affes. But their rule was correfted and mitigated by 
the bifitop of Paris, and the abbots of St Viftor and St 
Genevieve, who allowed them to eat any kind of food, 
and to ufe horfes. This order poffeffed, at one time, 
about 250 convents in 13 different provinces: fix of 
which were in France ; namely, France, Normandy, 
Picardy, Champaine, Languedoc, and Provence ; three 
in Spain, viz. New Caftile, Old Caftile, and Arragon ; 
one in Italy, and one in Portugal. There was for. 
merly the province of England, where this order had 
43 houfes ; that of Scotland, where it had nine ; and 
that of Ireland, where it had 52 ; befides a great num- 

ber of monafteries in Saxony, Hungary, Bohemia, and Triones 
other countries. The convent of Cerfroy in France was 
head of the order. It is impofiible for us to fay what is 
now the (late of the order, which can have no vilible exift- 
ence in France, and is probably fuppreffed even in Italy. 

TRIONES, in affronomy, a fort of conltellation, 
or affemblage of f{*ven (tars in the Urfa Major, popularly 
called Charles’s Wain.—From the feptem triones the 
north pole takes the denomination feptent io. 

I RIPOLI of Syria is, according to Mr Browne, 
by no means fo populous a place as we were led to re- 
prelent it in the hncyclopitdta. It is indeed, he lays, 
a city of fome extent, fituated about a mile and a half 
from the fea ; but infiead of iixty, he eftimates its po- 
pulation at about lixteen thoufand. The air is render- 
ed unwholefome by much ftagnant water. The town 
is placed on a (light elevation, the length coniiderably 
exceeding the breadth. On the higheit ground, to the 
fouth, is the caftle, formerly poffeffed by the earls of 
Tripoli ; it is large and ftrong. Hence is vifible a part 
ot mount Libanus, the fummit of which is covered with 
fnow. I he gardens in the vicinity are rich in mulber- 
ry and other fruit trees. The city is well built, and 
moft of the ftreets are paved. 

Here is found a number of Mahommedan merchants, 
fome of the richeft and moft refpe&able in the empire. 
Silk is the chief article of commerce. 

The miri, or fixed public revenue paid by Tripoli to 
Conftantinople, is only about L. 1000 Sterling, 20 purfes, 
a-year. Syria at prefent contains only four Paftialiks, 
Damafcus, Aleppo, Acre, and Tripoli ; the laft of 
which is the fmalleft in territory and power. Our au- 
thor obferved no antiquities at Tripoli; but the country 
round it is noted for producing the beft tobacco in Syria. 

TRISECTION, the dividing a thing into three 
equal parts. The term'is chiefly ufed in geometry, for 
the divifion of an angle into three equal parts. The 
trifeSion of an angle geometrically, is one of thofe great 
problems, whofe folution has been fo much fought for 
by mathematicians for 2000 years paft ; being, in this 
refpetl, on a footing with the famous quadrature of the 
circle, and the duplicature of the tube. 

TRIS I AN d’Achuna, the largeft of three iflands 
which were vifited by Lord Macartney and his fuite on 
the 31ft of December I792, The other twro are di- 
ilinguilhed by the names of InacceJJible and Nightingale 
iflands. “ Inacceflible (as Sir Erafmus Gower obfer- 
ved) feems to deferve that name, being a high, bluff, 
as well as apparently barren plain, about nine miles in 
circumference, and has a very forbidding appearance. 
There is a high rock detached from it at the fouth end. 
Its latitude is 370 19' iouth ; its longitude 11° weft 
from Greenwich. 1 h/s rude-looking fpot may be feen 
at 12 or 14 leagues diftance. Nightingale ifland is ir- 
regular in its form, with a hollow in the middle, and is 
about feven or eight miles in circumference, with fmall 
rocky ides at its fouthern extremity. It is deferibed 
as having anchorage on the north-eaft fide. Its lati- 
tude is 370 29' fouth ; and longitude 11° 48' weft from 
Greenwich. It may be (een at feven or eight leagues 
diftance. The largeft of thefe three iflands, which com- 
paratively may be called the great ifle of Trijlan d'A- 
cunha, is very high, and may be feen at 25 leagues di- 
ftance. It feems not to exceed in circumference 15 
miles. A part of the ifland towards the north rifes 
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perpendicularly from the fea to a height apparently of 
*' a thoufand feet or more. A level then commences, 

forming what among feamen is termed table land, and 
extending towards the centre of the i/land ; from whence 
a conical mountain rifes, not unlike in appearance to 
the Peak of TenerifFe, as feen from the bay of Santa 
Cruz. Boats were fent to found and to examine the 
fliore for a convenient place to land and water. In con- 
fequence of their report, the Lion (a Ihip of 64 guns) 
Hood in, and came to anchor in the evening on the 
north fide, in 30 fathoms water, one mile from the 
fliore ; the bottom black fand with (lime ; a fmall rock, 
off the weft point, bearing fouth-weft by fouth, juft; 
open with the weftern extremity of the ifland ; a caf- 
cade, or fall of water, emptying itfelf upon the beach, 
louth by call. All the fhore, from the fouthern point 
to the eaftern extremity, appears to be clear of danger, 
and fteep, except the weft point, where there are break- 
ers about two cables length, or near 500 yards from the 
fhore. The ihip, when anchored, was overfhadowed by 
the dark mals of that portion of the ifland whofe fides 
feemed to rile, like a mols grown wall, immediately from 
the ocean. On the right the elevation was lefs rapid, 
and between the rifing part and the fea was left a flat, 
of fume extent, covered with fedge grafs, interfperfed 
with Iniall flirubs, which, being perfedtly green, looked 
fiom the Ihip like a pleafant meadow, watered by a 
ftream that fell, afterwards, from its banks upon the 
beach. TL he officers, who went afhore, reported, that 
the calks might be filled with frelh water by means 
of a long hofe, without moving them from the boats. 
The landing place thereabouts was alfo deferibed as 
being fafe, and fuperior to any other that had been ex- 
amined. From the plain, the land rofe gradually to- 
wards the central mountain, in ridges covered with 
tiees of a moderate fize and height. The coaft abound- 
ed with fea lions and feals, penguins and albatrofles. 
One of the latter was brought on board, his wings mea- 
furing ten feet from tip to tip ; but others are faid to 
have been found much larger. The coaft was covered 
with a broad fea weed, feveral fathoms long, and de- 
fervedly by naturalifts termed giganticfucus. Some good 
fifh was caught with the hook and line. 

“ The accident of a Bidden guft, by which the an- 
chor was in a few hours driven from its hold, and the 
fhip forced out to fea, prevented the ifland from being 
explored, as was intended. It is probable that had the 
I.ion anchored in 20, inftead of 30 fathoms water, the 
anchor would have held firmly. Some advantage was 
obtained, however, from coming to this place. The 
juft pofition of thofe iflands, in refpeft to their longi- 
tude, was afeertained, by the mean of feveral time- 
pieces, to be about two. degrees to the eaftward of the 
place where they are laid down in charts, taken from 
observations made at a period when the inlhuments for 
this purpofe were lefs accurate than at prefent. The 
fpot where the Lion anchored was determined, by good 
meridional obfervations, and by accurate time-pieces, 
to be 37 6' fouth latitude, and 1 iQ 4V weft longi- 
tude from Greenwich. The compafs had feven de- 
grees of variation weftward from the pole. Fahren- 

T-11 ,S ^mometer flood at 67 degrees. It was ufeful 
.0,0 av.e a certamed, that a fafe anchorage, and plen- ty of good water, were to b« found here. Thefe iflands 
a e certainly worthy of a more particular inquiry ; for 
they are not jo leagues from the general track of vef- 
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fels bound to China, and to the coaft of Coromandel, 
by the outer paffage. In war time, an excellent ren- 
dezvous might be fettled there, for fhips that wanted 
no other fupply but that of water. When circumftan- 
ces require particular difpatch, it is prafticable to come 
from England to Triftan d’Acunha without flopping 
in the way, and afterwards to the end of the voyage to 
India or China.” 

Thefe iflands are feparated by a fpace of about fif- 
teen hundred miles from any land to the weftward or 
northward of them. They are fituated in that part of 
the fouthern hemifphere, in the neighbourhood of which 
a continent, to balance the quantity of land in the north- 
ern hemifphere, was once expedled to be found, but 
where it has been fince difeovered that there is none. 
Of what extent, however, the bafes of thefe ifbnds arc 
under the furface of the fea, cannot be afeertained ; or 
whether they may, or may not, be fufficient to make 
up for the defeift of land appearing above water. Navi- 
gators report, that to the eaftward of them are other 
Imall iflands, differing not much in latitude, fuch as 
Gough and Alvarez iflands, and the Marfouines ; as 
well as extenfive fhoals, lying due fouth of the moil 
foutherly point of Africa, and extending eafterly feve- 
ral degrees. That all thefe together form a chain, 
feme of fubaqueous, and fome of fuperaqueous moun- 
tains, but all conne&edby their roots, is perhaps a con- 
jeaure lefs improbable, than that they fhould feparately 
arife, like tall columns, from the vafl abyfs. 

A fettlement in Triftan d’Acunha is known to have 
been twice in the contemplation of adventurers, but not 
as yet to have been carried into execution. One had 
the projea of rendering it a mart for the change of 
the light manufadures of Hindoilan, fuited to hot 
climes, for the filver of the Spanifh fettlements in South 
America ; in the route between which places it is con- 
veniently fituated. The other plan meant is only as a 
fuitable fpot for drying and preparing the furs of fea 
lions and leals, and for extrading the fpermaceti of the 
white or long-nofed whale, and the whale-bone and oil 
of the black fpecies. Whales of every kind were feen 
fporting about friftan d’Acunha, particularly near the 
fetting of the fun ; and the fword-fifli likewife made its 
appearance occafionally.—Sir George Staunton’s Jlctount 
of the Embaffy to China. 

TRITON, in zoology, a genus belonging to the 
order of vermes mollufca. The body is oblong ; the 
tongue is fpiral ; it has twelve tentacula, fix on each fide, 
the hindmoll ones havfng ciaws like a crab. There is but 
one fpecies, found in holes of rocks about the fhore. 

I RO F I ER (Mrs Catharine), was the daughter of 
Captain David Trotter, a Scotch gentleman. He was 
a commander in the royal navy in the reign of Charles 
II. and at his death left two daughters, the youngeft of 
whom, Catharine, our celebrated author, was born in 
London, Auguft 1679. She gave early marks of her 
genius ; and learned to write, and alfo made herfelf 
miftrefs of the French language, by her own applica- 
tion and diligence, without any inftruclor ; but fire-had 
fome affiftance in the ftudy of the Latin grammar and 
l°gic; of which latter fire drew up an abilracl for her 
own ule.. The moll ferious and important fubjedts, 
and efpecially religion, foon engaged her attention.— 
But notwithftanding her education, her intimacy with 
tveral families of diftindtion of the Romifli perfuafion, 

expofed her, while very young, to imprefiions in favour 
of 
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Trotter, of that church j. which not being removed by her con' 

ferences with fome eminent and learned members of the 
church of England, ihe embraced the Romiih commu- 
nion, in which fhe continued till the year 1707 In 
1695, <he produced a tragedy called signes de Cajlro, 
which was a£ted at the theatre-rdyal when ihe wras only 
in her 17th year. The reputation of this performance, 
and the verfes which Hie addrefled to Mr Congreve 
upon his Mourning Bride, in 1697* were probably the 
foundation of her acquaintance with that celebrated 
writer. Her fecond tragedy, Fatal Friendjhip, was 
afted in 1698, at the new theatre in Lincoln’s-Inn- 
Fields. This tragedy met with great applaufe, and is 
ftill thought the mod perfect of her dramatic perform- 
ances. tier dramatic talents not being confined to tra- 
gedy, die brought upon the ftage, in 1701, a comedy 
called Love at a lofs, or Mojl votes carry it. In the 
fame year (he gave the public her third tragedy, enti- 
titled the Unhappy Penitent, afted at the theatre-royal in 
Drury-lane. But poetry and dramatic writing did not 
fo far engrofs the thoughts of our author but that Ihe 
fometimes turned them to fubje&s of a very different 
nature ; and diftinguilhed herfelf in an extraordinary 
manner in defence of Mr Locke’s writings ; a female 
metaphyfician being a remarkable phenomenon in the 
republic of letters. 

She turned to the exercife of her dramatic genius 
in 1703, and fixed upon the revolution of Sweden, un- 
der Guftavus Erickfon, for the fubjeft of a tragedy. 
This tragedy was a<fted, in 1 706, at the Queen’s theatre 
in the Hay-Market. In 1707, her doubts concerning 
the Romifh religion, which Ihe had fo many years pro- 
feffed, having led her to a thorough examination of the 
grounds of it, by confulting the bell books on both 
fides of the quefh’on, and advifing with men of the hell 
judgment, the refult was a convi&ion of the falfenefs 
of the pretenfions of that church, and a return to that 
of England, to which Ihe adhered during the remain- 
der of her life. In 1708, Ihe was married to the Rev. 
Mr Cockburn, then curate of St Dunftan’s in Fleet- 
ftreet, but he afterwards obtained the living of Long- 
Horfely, near Morpeth in Northumberland. He was a 
man of confiderable abilities; and, among feveral other 
things, wrote an account of the Mofaic Deluge, which 
was much approved by the learned. 

Mrs Cockburn’s remarks upon fome writers in the 
controverly concerning the foundation of moral duty 
and moral obligation, were introduced to the world, 
in Auguft 1743, in the Literary Journal, intitled The 
Hijlory of the Works of the Learned. I he ftrength, 
clearnefs, and vivacity fhewn in her remarks upon the 
moll abffraft and perplexed quellions, immediately rai- 
led the curiofity of all good judges about the conceal- 
ed writer ; and their admiration was greatly increafed 
wrhen her fex and advanced age were known. Dr Ru- 
therforth’s Effay on the Nature and Obligations of 
Virtue, publilhed in May 1744, foon engaged her 
thoughts ; and notwithllanding the afthmatic diforder 
which had feized her many years before, and now left 
her fmall intervals of eale, Hie applied herfelf to the con- 
futation of that elaborate difeourfe, and finilhed it with 
a fpirit, elegance, and perfpicuity equal, if not fuperior, 
to all her former writings. 

The lofs of her hufband in 1748, in the 71ft year of 
his age, was a fevere Ihock to her ; and Ihe did not long 
furvive him, dying on the nthof May 1749, in her 

71ft year, after having long fupported a painful diforder Trumpet 
with a refignation to the Divine will, which had been Mariiie. < 
the governing principle of her whole life, and her fup- '' 
port under the various trials of it. 

Her works are colletled into two large volumes 8vo, 
by Dr Birch ; who has prefixed to them an account of 
her life and writings. 

TRUMPET Marine, or Marigny. This is a 
Ilringed inftrument, invented in the 16th century by an 
Italian artill Marino or Marigni, and called a trumpet, 
becaufe it takes only the notes of the trumpet, with all 
its omiffions and imperfedlions, and can therefore exe- 
cute only fuch melodies as are fitted for that inftru- 
ment. It is a very curious inftrument, though of fmah 
mufical powers, becaufe its mode of performance is to- 
tally unlike that of other Ilringed inllruments ; and it 
deferves our very particular attention, becaufe it lays 
open the mechanifm of mufical founds more than any 
thing we are acquainted with ; and we Ihall therefore 
make ufe of it in order to communicate to our readers a 
philofophical theory of mufic, which we have already 
treated in detail as a liberal or fcientific art. 

The trumpet marine is commonly made in the form Plate 
of a long triangular pyramid, ABCD, fig. A. on which XLV, 
a fingle itring EEG is {trained over a bridge Fby means 
of the finger pin L. At the narrow end are feveral 
frets 1, 2, 3, 4, 5, &c. between £ and K, which di- 
vide the length EF into aliquot parts. Thus E 1 is 

of EF, E 2 is yV, and fo on. The bow is drawn 
lightly acrofs the cord at H, and the firing is Hopped 
by prefiing it with the finger immediately above the 
frets, but not fo hard as to make it touch the fret. 
When the open firing is founded, it gives the funda- 
mental note. If it be Hopped, in the way now deferi- 
bed, at -Jd of its length from E, it yields the 1 2th of 
the fundamental ; if Hopped at yth, it gives the double 
odlave ; if at -fib, it gives the 17th major, &e. In Ihort, 
it always gives the note corresponding to the length of 
the part between the fret and the note E. The founds 
refemble thofe of a pipe, and are indeed the fame with 
thofe known by the name harmonics, and now executed 
by every performer on inllruments of the viol or violin 
fpecies. But in order to increafe the noife, the bridge 
F is conllrutled in a very particular manner. It dc^es 
not rell on the found-board of the inftrument through 
its whole breadth, but only at the corner a, where it is 
firmly fixed. The other extremity is detached about 
i^yth of an inch from the found board ; and thus the 
bridge, being made to tremble by the ftrong vibration- 
of the thick cord, rattles on the found-board, or on a 
bit of ivory glued to it. The ufual way in which this 
motion is procured, is to have another firing palling 
under the middle of the bridge in fuc h a manner that, 
by ilraining it tight, we raile the corner b from the 
found-board to the proper height. This contrivance 
increafes prodigioufly the noife of the inllrument, and 
gives, it fomewhat of the fmart found of the trumpet, 
tho’ very harlh and coaiffe. But it merits the attention 
of every perfon who wilhes to know any thing of the 
philofophy of mufical founds, and we Ihall therefore 
fay as much on the fubjeit as will conduce to this 
effetl. 

Galileo, as we have obferved in the article Tempe- 
rament, Suppl. was the firft who difeovered the real 
connexion between mathematics and mufic, by demon- 
Ilrating that the times of the vibrations of elallic cords 
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of the Jame matter and fize, and ftretched by equal A^B. 

^ weights, are proportional to the lengths of the firings. 
He inferred from this that the mufical pitch of the 
found produced by a ftretched cord depended folely on 
the frequency of the vibrations. Moreover, not being 
able to difeover any other circumftance in which thofe 
founds phyfically refembled each other, and reflefting 
that all founds are immediately produced by agitations 
of air aching on the ear, he concluded that each vibra- 
tion of the cord produced a fonorous pulfe in the air, 
and therefore that the pitch of any found whatever de- 
pended on the frequency of the aerial pulfes. - In this 
way alone the found of a firing, of a bell, of an organ 
pipe, and the bellow of a bull, may have the fame pitch. 
He could not, however, demonflrate this in any cafe 
but the one above mentioned. But he was encouraged 
to hope that mathematicians would be able to demon- 
flrate it in all cafes, by his having obferved that the 
fame proportions obtained in organ pipes as in firings 
flretched by equal weights. But it required a great 
progrefs in mechanical philofophy, from the flate in 
which Galileo found it, before men could fpeculate and 
reafon concerning the pulfes of air, and difeover any 
analogy between them and the vibrations of a firing. 
This analogy, however, was difeovered, and its demon- 
flration completed, as we fhall fee by and by. In the 
mean time, Galileo’s demonllration of the vibrations of 
elaflic cords became the foundation of all mufical phi- 
lofophy. It mull be thoroughly underflood before we 
can explain the performance of the trumpet marine. 

The demonflration of Galileo is remarkable for that 
beautiful fimplicity and perfpicuity which diftinguifh all 
the writings of that great mechanician, and it is the 
elementary propofition in all mechanical treatifes of 
rnufic. I'ew of them indeed contain any thing more ; 
but it is extremely imperfect, and is juft only on the 
fuppofition that all the matter of the firing is collected 
at its middle point, and that the reft of it has elaftieity 
without inertia. This did not fuit the accurate know- 
ledge of the 17th century, after Huyghens and Newton 
had given the world a tafle of what might be done by 
profecuting the Galilean mechanics. When a mufical 
cord has its middle point drawn aiide, and it is drain- 
ed into the fhape of two flrait lines, if it be let go, it 
will be obferved not to vibrate in this form. It may 
eafily be feen in the extremity of its excurfions, where 
it refts, before it return by its elallicity. The reafon 
is this (fee fig. B.) When the middle point C of the 
cord is drawn afide, and the cord has the form of two 
flraight lines AC, CB, this point C, being pulled in 
the direftions CA, CB, at once, is really accelerated 
in the direftion CD, which bifeas the angle ACB ; and 
if it were then detached from the reft of the material 
cord, it would move in that direaion. But any other 
point / between C and B has no accelerating force 
whatever ading on it. It is equally pulled in the di- 
reaions/C and/B.. The particle C therefore is obli- 
ged to drag along with it the inert matter of the reft 
of the cord; and when it has come to any intermediate 
fituation c, the cord cannot have the form of two ftraight 
lines A c, c B, with the particle / fituated in/. This 
particle will be left fomewhat behind, as in ?, and the 
cord will have a curved form A r ? B ; and in this form 
it will vibrate, going to the other fide, and affuming, 
sot the readineal form ADB, but the curved form 
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That every particle of the curve A e c'fTS is 

now accelerated toward the axis AB is evident, becaufe 
every part is curved, and the whole is flrained toward 
A and B, which tends to ftraiten every part of it. 
But in order that the whole may arrive at the axis in 
one moment, and conftitute a ftraight line. AB, it is 
evidently necefiaiy that the accelerating force on everv 
particle be as the diftance of the particle from that 
point of the axis at which it arrives. It is well known to 
the mathematician that the accelerating force by which 
any particle is urged towards a reftilineal pofition, with 
refpeft to the adjoining particles, is proportional to the 
curvature. Our readers, who are not familiar with fuch 
difeuflions, may fee the truth of this fundamental propo- 
iition by confidering the whole of Ar B as only a particle 
or minute portion of a curve, magnified by a microfcope. 
Fhe foice which ftrains the curve may be repreiented 
by c A or AE. Now it is well known (and is the 
foundation of Galileo’s demonftration) that the ftrain- 
ing force is to the force with which c is accelerated in 
the direaion c E as A c to c D, or as AE to c D, or 
as AE to twice c E. Now c E is the meafure of the 
curvature of A r B, being its defieaion from a right 
line. Therefore when the draining force is the fame 
all ova the curve, the accelerating force, by which any 
portion of it tends to become ftraight, is proportional 
to the curvature of that portion. And if r be the radius 
of a circle palling through A, c, and B, and coinciding 
with this element of a curve, it is plain that r D : r A =r 

A : r, or that the radius of curvature is to the element 
f A as the extending force to the accelerating force j 

and r D = ; and is inverfely as r, or djre&ly as the 
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curvature. 
Hence we fee the nature of that curve which a mu- 

lical coul mull have, in order that all its parts may ar- 
rive at the axis at once. The curvature at c mull be 
to the curvature aty*as E r to But this may not 
be enough. It is farther neceftary that when c has got. 
half way to E, the curvature in the different points 
of the new cuive into which the cord has now arranged 
itfelf, be alio, in every point, proportional to the dif- 
tance from the axis. Now this •will be the cafe if the 
extreme curve has been fueh. For, taking the cord m 
any other iucceflive lhape, the diftance which each point 
has gone in the fame moment mull be proportional to 
the force which impelled it; therefore the remaining 
diftauces of all the points from the axis will have the 
fame proportions as before. And the geometrical and 
evident confequence of this is, that the curvatures will 
alfo be in the fame proportion. 

1 berefore a cord that is once arranged in this form 
will always preferve it, and will vibrate like a cycloidal 
pendulum, perfonning its ofcillations in equal times, 
whether they be wide or narrow. Therefore fince this 
perfedl ifochronifm of vibrations is all that is wanted 
for preferving the fame mufical pitch or tone, this cord 
will always have the fame note. 

This propofition was the difeovery of Dr Brooke 
Taylor, one of the ornaments of our country *, and is* See hIs 

publifhed in his celebrated work Methodus Incremento^ Ency‘!' 
rum.' The inveftigation, however, and the demonftra- 
tion in that work, are fo obfeure and fo tedious that few 

a patience to perufe them. It was more elegantly 
treated afterwards by the Bernoulli's and others. The 

curve 
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curve got the name of the Taylorean curve ; and is con- 
fidered by many eminent mathematicians as a trochoid, 
vi%. the curve defcribed by a point in the nave or fpoke 
of a wheel while the wheel rolls along a ftraight line. 
But this is a miilake, although it is allied to the tro- 
choid in the fame manner that the figure of fines is 
allied to the cycloid. Its phyiical property intitles it 
to the name of the harmonical curve. As this 
curve is not only the foundation of all our knowledge 
of the vibration of elaftic cords, but alfo furniflies an 
equation which will lead the mathematician through the 
whole labyrinth of aereal undulations, and be of ufe on 
many other occahous 5 and as the hrft mathematicians 
have, through inattention, or through enmity to Dr 
Taylor, affebted to confider it as the trochoid already 
well known to themfelves—we (hall give a (hort accoun't 
of its conllrudtion and chief properties, fimphfied from 
the elegant defcription given by Dr Smith in his Har- 
monics. 

Let SDTV, QERP (fig. C.), be circles defcribed 
round the centre C. Draw the diameters QCR, LCP, 
cutting each other at right angles. From any point 
G in the exterior circle draw the radius GC, cutting 
the interior circle in F, draw KHFI parallel to QCR, 
and make HI, HK, each equal to the arch EG. Let 
this be done for every point of the quadrantal arch 
EGR. The points I, K, are in the harmonic curve ; 
that is, the curve AKDIB palling through, the points 
K and I, determined by this condrudion, has its cur- 
vature in every point K proportional to the dittance KN 
from the bafe AB. 

To demonllrate this, draw FL perpendicular to the 
axis, and join EL. Take another pointful the outer 
circle indefinitely near to G. Draw g c> cutting the 
inner circle in/, and/ h and f l perpendicular to DC, 
CT, and join E /. Then fuppofe two lines K m K m' 
perpendicular to the curve in K and k. They mult 
meet in m', the centre of the equicurve circle. Draw 
KN n perpendicular to the bafe, and tri n' parallel to it, 
and join k n. Laltly, draw XL x perpendicular to EL. 

It is plain that k O, the difference of HK and h k, 
is equal to Gg, the difference of GE and g E, and that 
KO is equal to F r, and L l to r f. Alfo, becaufe 

EL1 

ELX is a right angle, EX = j-q". 

We have Fr : F/ = CL : CF, = CL : CD. 
YfiGg= CD : CE. 

Therefore F r : G.g, or KO : Ok — CL : CE. 
The triangles ECL and >£OK are therefore fimilar, 

as are alfo i OK and K«w, and confequently ECL and 
K « m ; and becaufe EC is parallel to K «, EL is pa- 
rallel to K/n. For the fame reafon km is parallel to E/, 
and the triangles E / x and m K k are fimilar, and 

Lx: K k =. LE : K m 
and Lx : K£ = EC : K«. But farther. 
Lx:L/= CE:CL 
L / : F/ = KN : CD, being = FL : FC 
F/: G^ = CD : CE, being zz Yf: kO 
Gg : Ki = CE : CL, being = KO : Ki. 

Therefore Lx : K * = KNxCE : EL*, = KN : EX. 
EX'LE 

Therefore KN : EX = LE : Kra, and Km =:——> 

EX-CE 
and KN t EX = CE ; K«, and K« = —• 
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In the very narrow vibrations of mufical cords, CD 
is exceedingly fmall in comparifon with C E, fo that 
EX'EL, or EX’CE, may, without fenfible error, be 
taken forCE1, and then we obtain K m or K « (which 

hardly differ) — ’ 
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and therefore the curvature is 

proportional to KN. The fmall deviation from this ra- 
tio would feem to Ihew that this conffrutfion does not 
give the harmonic curve wdth accuracy. But it is not 
fo. For it will be found, that although the curvature 
is not as KN, it is Hill proportional to the fpace which 
any particle K muff really deferibe in order to arrive at 
the axis. Thefe paths are lines whofe curvatures dimi- 
nifh as they approach to DC. 

We fee \Ji, that the bafe ACB of the curve is equal 
to the femicircular arch QER. 

2r/, Alfo that the tangent KZ in any point K is per- 
pendicular to EL. 

$d, We learn that the curvature at A and B is no- 
thing, for in thefe two points KN is nothing. 

CE*. 
4//;, The radius- of curvature at D is precifely =r 

Therefore, as the firing approaches the axis, and CD 
diminilhes, the curvature diminilhes in the fame pro- 
portion. The vibrations therefore are performed like 
thofe of a pendulum in a cycloid, and are ifochronous, 
whether wide or narrow, and therefore the mufical pitch 
is conllant. 

This is not ftridlly true, becaufe in the wide vibrations 
the extenfion or extending force is fomewhat greater. 
Hence it is that a fixing when violently twanged founds 
a little lharper at the beginning. Dr Long made a 
harpfichord whofe firings were ftretched by weights, by 
which this imperfe&ion was removed. 

It is proper to exhibit the curvature at D in terms 
of the length AB, and of the greateft excurlion c D. 
Therefore let c be the circumference of a circle whofe 
diameter is 1. Let AB the length of the cord be 
= L, and let CD the ± breadth of the vibration be B. 

OP2 

We had a little ago D m but e : I = AB 
CD, 

CE, and CE = and c E* = 
c 

ABr. Therefore Dm 

AB3 L* nearly. 
r’XCD’ 9,87CD 

We can now tell the number of vibrations made in a 
fecond by a firing. This we obtain by comparing its 
motion, when impelled by tire accelerating force which 
afts on it, with its motion when afted on by its weight 
only. Therefore let L be the length of a firing, and 
W its weight, and let E be the draining weight, or 
extending force. Let f be the force which accelerates 
the particle D d of the cord, and w the weight of that 
particle, while W is the weight of the whole cord. Let 
z be the fpace which the particle D d would deferibe 
during the time of one vibration by the uniform action 
of the force/, and let S be the fpace which it would 
deferibe in the fame time by its weight w alone. Then 
(Dynamics, Suppl. n® 103. cor. 6.) the time in which 
f would impel the particle D d along i DC, is to the 
time of one vibration as 1 : c. And ^ DC is to z as 
the fquare of the time of deferibing i DC is to the 
fquare of the time of deferibing * j that is, 1 ; c* =. 
i DC : 2 *, and c% DC s= 2 *. 
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Now, by the property of the harmonic curve, 

AB : T) m =. 2 z, : AB 
But D m : D r/ =r E : y* 
And D d : AB = <w : W 
Therefore 2 js E'w = ABy’W 
And/: w = 2 z X E : AB X W 
But w ! f —■ 2 S : 2 a 
Therefore 2.SxE=rABXW 
And 2 E : W =r AB : S. 

That is, a mufical chord, extended by a force E, per- 
forms one vibration DCV in the time that a heavy body 
defcribes a fpace S, which is to the length of the cord 
es its weight is to twice the extending force. 

Now let g be the fpace through which a heavy body 
falls in one fecond, and Jet the time of vibration (elti- 
mated in parts of a fecond) be T. We have 

AB : S =r 2 E : W 
S :,§• = T1: i3 

Therefore AB : ^ = 2 E-T1; W 
And AB X W = T* X 2 E X 

Therefore T1 = AB X ^ and T-^ 

72 

'AB X W. 
^•E ' V z^.E" 

Let n be the number of vibrations made in a fecond. 

= / 2 £■ E - /lS 
T V AB.W V L. w r v ab.w   

If the length of the cord be meafured in feet, 2 g is 
very nearly 32. If in inches, 2 g is 386, more nearly. 

Therefore n = or This may ea- 

fily be compared with obfervation. Dr Smith hung a 
weight of 7 pounds, or 49,000 grains, on a brafs wire 
fufpended from a finger pin, and (hortened it till it was 
in perfect unifon with the double odtave below the open 
ilring D of a violin. In this ftate the wire was 35,55 
inches long, and it weighed 31 grains. 

Now /384 X 49000    ™ . . 
V re y — I3°>7 = «• This wire, o5»55 ^ 31 

thererore, ought to make 130,7 vibrations in a fecond. 
Dr Smith proceeded to afcertain the number of aereal 
pulfes made by this found, availing himfelf of the theory 
of the beats of tempered conlonances invented by him- 

his fine chamber organ he tuned upwards the 
perfect fifths DA, A e, e b, and then tuned downward 
the perfect 6th e el. Thus he obtained an oftave to 
D, which was too {harp by a comma, and he found that 
it beat 65 times in 20 feconds. Therefore the number 

of vibrations was ^ 81, or 263,25. Thefe were com- 

plete pulfes or motions from D to V and back again, 
and therefore conttyned 5264 fuch vibrations as we have 
now been confidering. The double oftave below fhould 
make ‘th of this, or 131,6, which is not a complete 
vibration more than the above theory requires: more 
accurate coincidence is needlefs. 

This theory is therefore very completely eftablifhed 
and ,t may be confideredias one of the fineft mechanh 
cal problems which has been folved in laft century. We 
mention it with greater minutenefs, becaufe the merit 
or Dr laylor is not fufficiently attended to. Mr 
xvameau, and the other great theorifts in mufic, make 

"?J?enturn,°f h,m; and fuch as have “ccafion to fpeak ot the abfolute number of vibrations made by any mu- 
lical note, always quote Mr Sauveur of the French aca- 

o ] T R U 
demy. This gentleman has written fome very excellent Trump* 
differtations on the theory of mufic, and Sir Ifaac New- Marine 
ton in his Printipia often quotes his authority. He  v—"* 
has given the a&ual determination of the number of 
vibrations of the note C, obtained in a manner fimilar 
to that pra&ifed by Dr Smith on his chamber organ, 
and which agrees extremely well with that meafure. 
But Mr Sauveur has alfo given a mechanical inveftigatioii 
of the problem, which gives the fame number of^vibra- 
tions that he obferved. We prefume that Rameau and 
others took the demonftration for good ; and thus Mr 
Sauveur paffes on the Continent for the difcoverer of this 
theorem. But it was not publifhed till 1716, though 
read in 1713 ; whereas Dr Taylor’s demonftration was 
read to the Royal Society in May 1714. But this 
demonftration of Mr Sauveur is a mere paralogifm, 
where errors compenfate errors; and the affumption on 
which he proceeds is quite gratuitous, and has nothing 
to do with the fubjeft. Yet John Bernoulli, from en- 
mity to i aylor and the Englifh mathematicians, takes 
not the lea ft notice of this fophifticated demonftration, 
accommodated to the experiment, and fo devoid of any 
pretenfions to argument that this fevere critic could not 
but fee its falfity. 

Sauveur was one of the firft who obferved diftindly 
that remarkable fad which Mr Rameau made the foun- 
dation of his mufical theory, viz. that a full mufical 
note is accompanied by its odave, its twelfth, and it* 
feventeenth major. It had been cafually obferved be* 
fore, by Marfennus, by Perrault, and others ; but Sau- 
veur tells diftindly how to make the obfervation, and af- 
firms it to be true in all deep notes. Rameau afferts it 
to be univerfally and neceffarily true in all notes, and 
the foundation of all mufical pleafure. 

It had been difeovered before this time, that not only 
a full note caufed its unifon to refound, but alfo that a 
12th, being founded near any open ftring, the llring 
refounded to this 12th. It does the fame to a 15th, % 
17th major, a 22d, &c. 

Dr Wallis added a very curious circumftance to this 
obfervation. Two of his pupils, Mr Noble and Mr 
Pigott, in 1673, amufing themfelves with thefe refon- 
nances, obferved, that if a fmall bit of paper be laid 
on the ftring of a violin which is made to refound to 
its unifon, the paper is thrown off: a proof that the 
firing refounded by really vibrating, and that it is 
thrown into thefe vibrations by the pulfes of the air 
produced by the other ftring. In like manner the pa- 
per is thrown off when the ftring refounds to its oc- 
tave. But the young gentlemen obferved, that when 
the paper was laid on the middle point of the ftring, it 
remained without agitation, although the ftring ft ill re- 
founded. They found the fame thing when they made 
the ftring refound to its 1 2th : papers laid on the two 
points of divifion lay Hill, but were thrown off when 
laid on any other place. In fhort, they found it a ge- 
neral rule, that papers laid on any points of divifion 
correfponding to the note which was refounded, were 
not agitated. 

Dr Wallis (the greateft theorift in mufic of the 17th 
century) juftly concluded that thefe points of the re- 
oun ing 1 ling were at reft, and that the intermediate 

parts were vibrating, and producing the notes corre- 
Iponding to their lengths.. 

From this Mr Sauveur, with great propriety* deduced 

1 the 
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Trumpet the theory of the performance of the trumpet marine, 

. the vielle, the clavichord, and fome other initruments. 
_ When the llring of the trumpet marine is gently 

flopped at and the bow drawn lightly acrofs it at 
H (fig. A), the full vibration at the finger is flopped ; 
but the firing is thrown into vibrations of fome kind, 
which will either be deflroyed or may go on. It is of' 
importance to fee what circumflance will permit their 
continuance. 

Suppofe an elaflic cord put into thefituation ABCDE 
(fig. D), fuel) that AB, BC, CD, DE, are all equal, 
and that BCD is a flraight line. Let the point C be 
made fall, and the two points B and D be let go at 
once. It is evident that the two parts will immediate- 
ly vibrate in two harmonical curves A bC and CDE, 
which will change to ABC and C JE, and fo on alter- 
nately. It is alfo evident that if a line FCG be drawn 
touching the curve ABC, it will alfo touch the curve 
CDE ; and the line which touches the curve A ^ C in 
C, will alfo touch the curve C^/E. In every inflant 
the two halves of the cord will be curves which have a 
common tangent in the point C. The undoubted con- 
fequence of this is, that the point C will not be affeft- 
ed by thefe vibrations, and its fixure may be taken away. 
The coid will continue to vibrate, and will give the 
found of the o6lave to its fundamental note. 

n he condition, then, which mufl be implemented, in 
order that a firing may refound to its odtave, or take 
the found of its odtave, is limply this, that its two parts 
may vibrate equally in oppofite diredtions. This is 
evidently pofiible ; and when the bow is drawn acrofs 
the firing of the trumpet marine at H, and irregular 
vibrations are produced in the whole firing, thofe which 
happen to be in one diredtion on both fides of the middle 
point, where it is gently flopped by the finger, will de- 
ftroy each other, and the confpiring ones will be in- 
flantly produced, and then every fucceeding adtion of 
the bow will increafe them. 

The fame thing mufl happen if a llring is gently 
flopped at one-third of its length ; for there will be the 
fame equilibrium of forces at the two points of diviiion, 
fo that the fixures of thefe points may be removed, and 
the firing will vibrate in three parts, founding the 12th 
of the fundamental. 

^Ve may obferve, by the way, that if the bow be 
drawn acrofs the firing at one of the points of divifion, 
correfponding to the flopping at the other end of the 
firing, it will hardly give any diflintt note. It rattles, 
and is intolerably harfh. The reafon is plain : The bow 
takes fome hold of the point C, and drags it along 
with it. The cord on e&ch fide of C is left behind, 
and therefore the two curves cannot have a common 
tangent at C. The vibrations into which it is thus 
jogged by the bow deflroy each other. 

We now fee why the trumpet marine will not found 
every note. It will found none but fuch as correfpond 
to a divifion of the firing into a number of equal parts, 
and its note will be in unifon with a firing equal to one 
of thofe parts. Therefore it will Jitjl of all found the 
fundamental, by its whole length ; 

2. Its odlave, correfponding to - 4 hs length 
3. The 12th, - 
4. The fjth, or double odlave, 
5. 1'he 17th, - 
6. The 19th, - 
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7. The 21 fl, which is not in the dia- 

tonic fcale of our mufic, - 4 its length 
8. The triple odlave, or 2 2d, - 4. 
9. The 2 3d, or 2d in the fcale of the 

triple odlave, - . 4. 
10. The 24th, or 3d in this fcale, 
11. The 25th, a falfe 4th of this fcale, ^V 
1 2. The 26th, a perfedl 5th of this fcale4 r\ 
13. The 27th, a falfe 6th of ditto, ' = ? or 
14. The 28th, a faife 7th minor, 
15. The 28th, a perfedl 7th major, 
1 6. The quadruple odlave, - Tl._ 

Tnus we fee that this inftrument will not execute all 
mufic, and indeed will not complete any odlave, becaufe 
it will neither give a perftdl 4th nor 6th. We fhall 
prefently fee tiiat thefe are the very defects of the 
trumpet. 

This lingular flringed inftrument has been deferibed 
in this detail, chiefly with the view of preparing us for 
underftafiding the real trumpet. The Vielle, Sa- 
voyards, or Hurdygurdy, performs in the fame 
mariner. While the wheel rubs one part of the firing 
like a bow, the keys gently prefs the firings, in points 
of aliquot divifion, and produce the harmonic no’tes. 

It is to prevent fuch notes that the part of harpfi- 
chord wires, lying between the bridge and the pins, are 
wrapped round with lift. Thefe notes would frequent- 
ly diflurb the mufic. 

Daftly on this head, the aEolian harp derives its vafl 
variety of fine founds from this mode of vibration. Sel- 
dom do the cords perform their fundamental or limple 
vibrations, They are generally founding fome of the 
harmonies of their fundamentals, and give us all this 
variety from firings tuned in unifon. 

Tki’MPET. Mufl cal, is a wind inftrument which founds 
by preffing tbe clofed lips to the fmall end, and forcing 
the wind through a very narrow aperture between the 
lips. This is one of the moft ancient of inufical inftru- 
ments, and has appeared in all nations in a vail variety 
of forms. The conch of the favage, the horn of the 
cow-herd and of the poftman, the bugle horn, the li- 
tuus and tuba of the Romans, the military trumpet, and 
the trombone, the cor He chafe or French horn—are all 
inttruments winded in the fame manner, producing 
their variety of tones by varying the manner and force 
of blowing. I he ferpent is another inftrument of the 
fame kind, but producing part of its notes by means of 
holes in the fidcs. 

Although the trumpet is the fimpleft of all mufical 
inflruments, being nothing but a long tube, narrow at 
one end and wide at the other, it is the moft difficult 
to be explained. io uuderfland how fonorous and re- 
gulated uudualtions can be excited in a tube without 
any previous vibration of reeds to form the waves at 
the entry, or of holes to vary the notes, requires a ve- 
ry nice attention to the mechanifm of aeteal undula- 
tions, and we are by no means certain that we have 
as yet hit on the true explanation. We are certain, 
however, that thefe aereal undulations do not differ 
from thofe produced by the vibration of firings ; for 
they make firings refound in the fame manner as vibra- 
ting cords do. Galileo, however, did not know thi* 
argument for his afiertion that the mufical pitch of a 
pipe, like that of a cord, depended on the frequency 
alone of the aereal undulations; but he thought it highly 

4 Y probable, 
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Mufical probable, from hiaobfervationg on tlie flrutSl are of organs, 
J rumpet. the notea of pipes were related to their lengths in the 

fame manner as thofe of wires, and he exprefsiy makes 
this remark. Newton, having difcovered that found 
moved at the rate of about 960 feet per fecond, obferved 
that, according to the experiments of Mr Sauveur, the 
length of an open pipe is half the length of an aereal 
pulfe. This he could eafily afcertain by dividing the fpace 
defcribed by found in a fecond by the number of pulfes. 

Daniel Bernoulli, the celebrated promoter of the 
Newtonian mechanics, difcovered, or at lead was the 
firft who attentively marked, fome other circumftances 
of refemblance between the undulations of the air in 
pipes and the vibrations of wires. As a wire can be 
made, not only to vibrate in its full length, founding 
its fundamental note, but can alfp be made to fubdivide 
itfelf, and vibrate like a portion of the whole, with 
points of-reft between the vibrating portions, when 
it gives one of its harmonic notes; fo a pipe can- 
not only have fuch undulations of air going on with- 
in it as are competent to the produfhon of its fun- 
damental note, but alfo thofe which produce one of its 
harmonic notes. Every one knows that when we force 
a flute, by blowing too ftrongly, it quits its proper 
note, and gives the oftave above. Forcing Hill more, 
produces the 12th. Then we can produce the double 
o&ave or 15th, and the 17th major, &c. In fliort, by 
attending to feveral circumftances in the manner of 
blowing, all the notes may be produced from one very 
long pipe that we 'produce from the trumpet marine, 
and in precifely the fame order, and with the fame o- 
miffions and imperfetlions. This alone is almoft equi- 
valent to a proof that the mechanifm of the undulations 
of air in a pipe are analogous to that of the vibrations 
of an elaftic cord. Having with fo great fuccefs in- 
veftigated the mechanifm of the partial vibrations of 
wires, and alfo another kind ot vibrations which we (hall 
mention afterwards, incomparably more curious and 
more important in the philofophy of mufical founds, 
Mr Bernoulli undertook the inveftigation of thofe more 
myfterious motions of air which are produced in pipes ; 
and in a very ingenious diflertation, publiflied in the 
Memoirs of the Academy of Paris for 1762, &c. he 
gives a theory of them, wh’ch tallies in a wonderful 
manner with the chief phenomena which we ohferve in 
the wind inftruments of the flute and trumpet kind. 
We are not, however, fo well fatisfied with the truth 
of his ajfumptions refpefting the ftate of the air, and the 
precife form of the'undnlatibhs which he afligns to it ; 
but we fee that, notwithftanding a probability of his 
being miftaken in thefe circumftances (it is with great 
deference that we prefume to fuppofe him miftaken), 
the chief propofitions are ftill true ; and that the chan- 
ges from note to note mull be produced in the order, 
tho’ perhaps not in the precife manner, affigned by him. 

It is by no means eafy to conceive, with clearnefs, 
the way in which mufical undulations are excited in the 
various kinds of trumpets. Many who have reputation 
as mechanicians, fuppofe that it is by means of vibra- 
tions of the lips, in the fame manner as in the haut- 
boy, clarionette, and reed pipes of the organ, where the 
air, fay they, is put in motion by the trembling reed. 
But this explanation is wrong in- all its parts; even in 
the reed pipes of an organ, the air is not put in motion 
by the reeds. I hey are indeed the occafions of its mu- 
acal undulation, but they do not immediately impel it 
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into thofe waves. This method (and indeed all me- Mufical 
thods but the vibrations of wires, bells, &c.) of produ- Prumpef. 
cing found is little underftood, though it is highly wor- ~”v"" J 

thy of notice, being the origin of animal voice, and 
becaufe a knowledge of it would enable the artills to 
entertain us with founds hitherto unknown, and thus add 
confiderably to this gift of our Bountiful Father, who 
has Ihewn, in the ftrufture of the larynx of the human 
fpecies, that he intended that we fhould enjoy the plea- 
fures of mufic as a laborum dulce lenimen. Fie has there 
placed a micrometer apparatus, by which, after the 
other nmides have done their part in bringing the glot- 
tis nearly to the tenfion which the intended note re- 
quires, we can eaflly, and intlantly, adjuit it with the 
utmoft nicety. 

We null, therefore, that our readers will indulge us 
while we give a very curfory view of the manner in 
which the tremulous motion of the glottis, or of a reed 
in an organ pipe, produces the fonorous undulations with 
a conllant or unitorm frequency, fo'as to yield a mflli- 
cal note. 

If we blow through a fmall pipe or quill, we produce 
only a whizzing or hilling noife. If, in blowing, we 
flint the entry with our tongue, we hear fomething like 
a folid blow or tap, and it is accompanied with fome 
faint perception of a mufical pitch, juft as when we tap 
with the finger on one of the holes of a flute when all 
the reft are fhut. We are then fenfible of a difference 
of pitch according to the length of the pipe ; a longer 
pipe or quill giving a graver found. Here, then, is 
like the beginning of a fonorous undulation. Let us 
confider the ilate of the air in the pipe : It was filled 
by a column of air, which was moving forward, and 
would have been fucceeded by other air in the fame 
flate. This air was therefore nearly in its flate of na- 
tural denfity. When the entry is fuddenly Hopped by 
the tongue, the included air, already in motion, conti- 
nues its motion. This it cannot do without growing 
rarer, and then it is no longer a balance for the preffure 
of the atmofphere. It is therefore retarded in its mo- 
tion, totally Hopped (being in a rarefied Hate), and is 
then preffed back again. It comes back with an acce- 
lerated motion, and recovers its natural denfity, while 
the Hate of rarefadlion goes forward through the open 
air like any other aereal pulie. Its motions are fome- 
what, but not altogether, like that of a fpiral wire, 
which has been in like manner moving uniformly along 
the pipe, and has been Hopped by fomething catching- 
hold of its hindermoH extremity. This fpring, when 
thus catched behind, Hretches itfelf a little, then con- 
trails beyond its natural Hate, and then expands again, 
quivering feveral times. It can be demonHrated that 
the column of air will make but one quiver. Suppofe 
this accomplifhed in the hundredth part of a fecond, 
and that at that inHant the tongue is removed for the 
hundredth part of a fecond, and again applied to the 
entry of the pipe. It is plain that this will produce 
fuch another pulfe, which wall join to the former one, 
and force it out into the air, and the two pulfes toge- 
ther will be like two pulfes produced by the vibration 
of a cord. If, inllead of the tongue, we fuppofe the 
flat plate of an organ-reed to be thus alternately applied 
to the hole and removed, at the exa£t moments that the 
renewals of air are wanted, it is plain that we fhall have 

fonorous undulations of uniform frequency, and therefore 
a raufical note. This is the way in which reeds pro- 

ducs 
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Mufical duce their effect, not by impelling the air into alternate 

Trumpet. ftates of motion to and fro, and alternate ttrata of rare- 
tied and condenfed air, but by giving them time to ac- 
quire this ilate by the combination ot the air s elatticity 
with its progreflive motion. 

The adjuttment of the fucceeding puff of air to the 
pulfe which precedes it, fo that they may make one 
fijnooth and regular pulfe, is more exadt than we 1-ave 
yet remarked ; for the lloppage of the hole not only 
occafions a rarefaction before it, but by checking the air 
which was juft going to enter, makes a condenfation 
behind the door (fo to fpeakj ; fo that, when the pailage 
is again opened, the two parcels of air are fitted for 
fupporting each other, and forming one pulfe. 

Suppofe, in the next place, that the reed, inftead of 
completely (hutting the hole each time, only half fhuts 
it. The fame thing muft ftill happen, although not in 
fo remarkable a degree. When the paffage is contradf- 
ed, the fupply is diminifhed, and the air now in the 
pipe muft rarefy, by advancing with its former velocity. 
It muft therefore retard ; by retarding, regain its for- 
mer deniity ; and the air, not yet got into the pipe, 
muft condenfe, &c. And if the padage be again open- 
ed or enlarged in the proper time, we (hall have a com- 
plete pulfe of condenfed and rarefied air ; and this muft 
be accompanied by the beginning of a mulical note, 
which may be continued like the former. 

This will be a fofter or more mellow note than the 
other; for the condenfed and rarefied air will not be fo 
fuddenly changed in their denfities. The difference will 
be like the difference of the notes produced by drawing 
a quill along the teeth of a comb, and that produced 
by the equally rapid vibrations of a wire. For let it 
be remarked here, that mufical notes are by no means 
confined, as theorifts commonly fuppofe, to the regular 
cycloidal agitations of air, fuch as are produced by the 
vibrations of an elaftic cord ; but that any crack, fnap, 
or noife whatever, when repeated with fuflicient frequen- 
cy, becomes ipfo fado a mufical found, of which we can 
tell the pitch or note. What can be lefs mufical than 
the folitary cracks or fnaps made by a itift’ door when 
very flowly opened ? Do this brilkly, and the creak 
changes to a chirp, of which we can tell the note. The 
founds will be harfti or fmooth, according as the fnaps 
of which they are compofed are abrupt or gradual. 

This diftindfion of founds is moil fatisfadlorily con- 
firmed by experiment. If the tongue of the organ reed is 
quite flat, and if, in its vibrations, it apply itfelf.to the 
whole margin of the hole at once, fo as completely to 
(hut it (as is the cafe in the oldfaftiioned regal flop of 
the organ), the note is clear, Imart, and harlh or hard : 
but if the lips of the reed are curved, or the tongue 
properly bent backward, fo that it applies itfelf to the 
edges of the \\o\z gradatim, and never completely (huts 
the paffage, the note may have any degree of mellow 
fweetnefs. This remark is worth the attention of the 
inftrument-makers or organ-builders, and enables them 
to vary the voice of the organ at pleafure. We only 
mention it here as introduttory to the explanation of 
the founds of the trumpet. 

We trull that the reader now perceives how the air, 
proceeding along a pipe, may be put in the ilate of al- 

' ternate ftrata of condenfed and rarefied air, the par- 
ticles, in the mean time, proceeding along the pipe with 
a very moderate velocity ; while the Jlate of undulation 
is propagated at the rate of eleven or twelve hundred 

feet in a fecond ; juft as we may fometimes fee a llream Muficd 
of water gliding gently down a canal, while a wave runs 11Llui't'- ^ 
along its furface with mucS^greater rapidity. 

It will greatly afiift the imagination, if we compare 
thefe aereal undulations with the undulations of water 
in an open canal. While the water is flowing fmooth- 
ly along, fuppofe a fluice to be thrnft up from the bot- 
tom quite to the furface, or beyond it. This will im- 
mediately caufe a depreffion on the lower fide of the 
lluice, by the water’s going along the canal, and a heap- 
ing up of the water on the other fide. By properly 
timing the motion of this fluice up and down, we can 
produce a leries of connedled waves. If the fluice be 
not puftied up to the furface but only one-half way, 
there will be the fame fuccefiion of waves, but much 
imoother, See. &c. 

It is in this ftate, though not by fuch means, that 
the air is contained in a founding trumpet. It is not 
brought into this ftate by any tremor of the lips. The 
trumpeter fometimes feels fuch a tremor; but whenever 
he feels it, he can no longer found his note. His lips 
are painfully tickled, and he muft change his manner 
of winding. 

When blowing with great delicacy and care, the 
deepeil notes of a French horn, or trombone, we fome- 
times can feel the undulations ot the air in the pipe di- 
ftindtly fluttering and beating againft the lips ; and it is 
difficult to hinder the lips from being affeclcd by it: 
but we feel plainly, that it is not the lips which are flut- 
tering, but the air before them. We feel a curious in- 
llance of this when we attempt to whiffle in concert. 
If our accompanier intonates with a certain degree of 
incorre£lnefs, we feel fomething at our own lips which 
makes it impoflible to utter the intended note. This 
happens ver) frequently to the perfon wTho is whiffling 
the upper note ot a greater third. In like manner, the 
undulations in a pipe reatl on the reed, and check its vi- 
brations. For if the dimenfions of a pipe are fuch that 
the undulaiions formed by the reed cannot be kept up 
in the pipe, or do not fuit the length of the pipe, the 
reed will either not play at all, or will vibrate only in 
ftarts. This is finely illuftrated by a beautiful and in- 
ftruftive experiment. Take a fmall reed of the vox hu~ 
mana flop of an organ, and let it in a glafs foot, adapt- 
ed to the windbox of the organ. Inftead of the com- 
mon pipe above it, fix on it the Aiding tube of a fmall 
telefcope. When all the joints are thruft down, touch 
the key, and look attentively to the play of the reed. 
While it is founding, draw out the joints, making the 
pipe continually longer. We (hall obferve the reed 
thrown into ftrange fits of quivering, and fometimes 
quite motionlefs, and then thrown into wide fonorous 
vibrations, according as the maintainable pulfe is com- 
menfurate or not with the vibrations of the reed. This 
plainly {hews that the air is not impelled into its undu- 
lations by the reed, but that the reed accommodates it- 
felf to the undulations in the pipe. 

We acknowledge that w^e cannot explain with dil- 
tindlncfs in what manner the air in a trumpet is firft 
put into mulical undulations. We fee that it is only 
in very long and {lender tubes that this can be done. 
In fliort tubes, of conliderable diameter, like the cow- 
herd’s horn, wre obtain only one or two very indi- 
ffindl notes, of which it is difficult to name the pitch; 
and this requires great force of blaft ; whereas, to bring 
out the deep notes of the French horn, a very gentle 
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Mufical and well-regulated blaft is necedary. The form of the 

11 umpet. jj‘pSj combined with the force of the blafl, form all the 
notes. But this is in a way that cannot be taught by 
any defcription. The performer learns it by habit, and 
feels that the inftrument leaps into its note without him, 
when he gradually varies his blaft, and continues found- 
ing the fame note ; although he, in the mean time, 
makes fome fmall change in his mariner of blowing. 
This is owing to what Mr Bernoulli obferved. The 
tube is fuited only to fuch pulfes, and can only main- 
tain fuch pulfes as correfpond to aliquot parts of its 
length : and when the embouchure is very nearly, but 
not accurately, fuited to a particular note, that note 
forms itfelf in the tube, and, refting on the lips, brings 
them into the form which can maintain it with eafe. 
We have a proof of this when we attempt to found the 
note correfponding to one feventh of the length. Not 
having a diftinft notion of this note, which makes no 
part of our fcale of melody, we cannot ealily prepare 
lor it in the way that habit teaches us to prepare for 
the others : whereas, from what we fhall fee prefently, 
the notes onefixth and one eighth are both familiar to 
the mind, and eafily produced. When, therefore, we 
attempt to produce the note one feventh, we Hide, a- 
gainft our will, into the onefixlh or one eighth. 

Nor can we completely illuftrate the formation of 
mulical pulfes by waves in water. A canal is equally 
iufceptible of every height and length of progreffive 
waves ; whereas we fee that a certain length of tube will 
maintain only certain determined pulfes of air. 

We muft therefore content ourfelves for the prefent 
with having learned, by means of the reed pipes, bow 
the air may exift progrellively in a tube, in an alternate 
Hate of condenfation and rarefaction ; and we ftiall now 
proceed to conlider how this ftate of the air is related 
to the length of the tube. And here we can do no 
more than give an outline of Mr Bernoulli’s beautiful 
theory of flutes and trumpets, but without a mathema- 
tical examination of the particular motions. We can, 
however, (hew, with fufficient evidence, how the difter- 
ent notes are produced from the fame tube. It requires, 
however, a very Heady attention from the reader to en- 
able him to perceive how the different portions of this air 
a£t on each other. We truft that, this will now be given1. 

The conditions which muft be implemented, in or- 
der to maintain a mufical pulfe, are two : 1. That the 
vibrations of the different plates of air be performed in 
equal times, otherwife they would ail mix and confound 
each other. 2. That they move all together, all begin- 
ning and all ending at the fame inftant. It does not 
appear that any other ftate of vibration can exift and 
be maintained. 

The column of air in a tube may be confidered as a 
material fpring (having weight and inertia.) This 
fpring is comprefted and coiled up by the preflure of the 
atmofphere. But in this coiled ftate it can vibrate in 
its different parts, as a long fpiral wire may do, though 
preffed a little together at the ends. It is evident that 
the air within a pipe, fhut at both ends, may be placed 
in fuel) a fituation, in a variety of ways, that it will vi- 
brate in every part, in the fame manner as a chord of 
the lame length and weight, {trained by a force equal 
to the prefiure of the atmofphere. Thus, in the fhut 

’late pipe AB (fig. 1.), fuppofe a harmonic curve ACB, or 
a wire of tke fame weight with the air, throwing itfelf 

into the form of this cuive. The force which impels Mufical 
the point C to the axis is to that which impels the Trumpet, 
point c as CE to c e. Now, fuppofe the air in this pipe 
divided into parallel flrata or plates, crofting the tube 
like diaphragms. In order that thefe may vibrate in 
the tame manner (not acrofs the tube, but in the di- 
redlion of its axis), all that is neceftury for the moment 
is, 'hat the excefs of the preffure of the llratum d d 
hove that of the ftratum/y may "be to the excefs of the 
preftiire of DD above that of FF as c e to CE. In 
this cafe, the ftratum c e will be accelerated in the di- 
rection e f, and the ftratum EE is accelerated in the 
fame direction, and in the due proportion. Now tin's 
may be done in an infinite variety of ways for a fingle 
moment. It depends, not on the abfolute denfity, but 
on the variation of denfity ; becaufe the preflure by 
which a particle of air is urged in any direction arifes 
from the difference of the dillances of the adjoining par- 
ticles on each fide of it. But in order to continue this 
vibration, or in order that it may obtain at once in the 
whole pipe, this variation of denfity muft continue, and 
be according to fome connected law. This circum- 
ftance greatly limits the ways in which the vibration 
may be kept up. Mr Bernoulli finds that the ifoenro- 
nifm and fyneuronifm can be maintained in the follow- 
ing manner, and in no other that he could think of: 

Let AB (fig. 2.) be a cylindrical pipe, ftmt at A, 
and open at B. Then, in whatever manner the found 
is produced in the pipe, the undulations of the contain- 
ed air mnft be performed as follows : Let rr a be a plate 
of air. This plate will approach to, and recede from, 
the Ihut end A, vibrating between the fituations b b 
and c c, the whole vibration being b c, and the plate will 
vibrate like a pendulum in a cycloid. The greater we 
fuppofe the excurfions a b, ac, the louder will the found 
be ; but the duration of them all muft be the fame, to 
agree with the fa& that the tone remains the fame. The 
motion -will be accelerated in approaching \.o a a from 
either fide, and retarded in the rtcefs from it. Let us 
next confider a plate « «, more remote from A. It muft 
make fimilar vibrations from the fituation H (i to the fi- 
tuation y y. But thefe vibrations muft be greater in 
proportion as the plate is farther from A. "it cannot 
be conceived otherwife : For fuppofe the plate « a to 
make the fame excurfions with a a, and that the reft do 
the fame. Then they will all retain the fame diftances 
from each other ; and thus there will be no force what- 
ever afting on any particles to make them vibrate. But if 
every particle make excurfions proportional to its di- 
ftance from A, the variation of denfity will, in any in- 
ftant, be the fame through the whole pipe, and each 
particle in the vibrating plate £ /? wiH be accelerated or 
retarded in proportion to its diftance from A; while 
the accelerations and retardations over all will, in any 
inftant, be proportional to the diftance of each particle 
from its place of reft. All this will appear to the ma- 
thematician, who attentively confiders any momentary 
fituation of the particles. In this manner all the par- 
ticles will fupport each other in their vibrations. 

It follows from this defcription that the air in the 
tube is alternately rarefied and condenfed. But thefe 
changes are very different in different parts of the tube. 
T hey muft be greateft of all at A ; becaufe, while all 
the plates approach to A, they concur in condenfing 
the air immediately adjoining to A ; while the air in 

a-a 
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Mtsfieri a a and * « is lefs condenfed by the a&ion cf the plates 

Trumpet, beyond it. The air at B is always of its natural 
denfity, being in equilibrio with the furrounding air. 
At B, therefore, there is a fmall parcel of air, of its na- 
tural denfity, which is alternately going in and out. 

This account is confirmed by many fads. If the 
bottom of the pipe be flint by a fine membrane, ftretch- 
ed acrofs it like a drumhead, with a wire llretched over 
it, either externally or internally, in the fame manner 
as the catgut is ftretched acrofs the bottom of a drum, 
it will be thrown into ilrong vibrations, making a very 
loud noife, by rattling againft the profs wire. The 
fame thing happens if the membrane be palled over a 
hole clofe to the bottom, leaving a fmall fpace round 
the edge of the hole without palte, fo that the mem- 
brane may play out and in, and rattle on the margin of 
the hole. Th is alfo makes a prodigious noile. Now, 
if the membrane be palled on a hole far from the bot- 
tom, the agitations will be much fainter; and when the 
hole is near the mouth of the pipe, there will be none. 
—When a pipe has its air agitated in this manner, it is 
giving the loweft note of which it is fufceptible. 

Let us next confider a pipe open at both ends. Let 
CB (fig. 3 ) be this pipe. It is plain that, if there be 
a partition A in the middle, we {hall have two pipes 
AB, AC, each of which may undulate in the manner 
now deferibed, if the undulations in each be in oppofite 
dire&ions. It is evidently poffible, alfo, that thele un- 
dulations may be the fame in point of ftrength in both, 
and that they may begin in the fame inllant. In this 
cafe, the air on each fide of the partition will be in the 
fame (late, whether of condenfation or rarefadlion, and 
the partition A itfelf will always be in equilihrio. It 
will perfeftly refemble the point C of the mniical cord 
BFCGH (fig. 6.), which is in equilibrio between the 
vibrating forces of its two parts. In the pipe, the plates 
of air on each fide are either both approaching it, or 
both receding from it, and the partition is either equal- 
ly fqueezed from both fides, or equally drawn outwards. 
Confequently this partition may be removed, and the* 
parcels of air cn each fide will, in any inftant, fupport 
each other. There feems no other way cf conceiving 
thefe vibrations in open pipes which will admit of an 
explanation by mechanical laws. 1 he vibrations ot all 
the plates muft be obtained without any mutual hin- 
derence, in order to produce the tone which we really 
hear ; and therefore fuch vibrations are impreifed by 
Natu e on each plate of air. 

But if this explanation be juft, it is plain that this 
pipe CB muft give the fame note with the pipe AB 
(fig. 2.) of half the length, fhut at one end. But the 
found, being doubled, with perfeft confonauce, muft he 
clear, ftrong, and mellow. Now this is perfe&ly agree- 
able to obfervation ; and this fa£f is an unequivocal con- 
firmation of the juftnefs of the theory. If we take a 
{lender pipe, about fix inches long and one half of an inch 
wide, ftiut at one end, and found it by blowing acrofs 
its mouth, as we whiftle on the pipe of a key, or acrofs 
a hole that is clofe to the mouth, and formed with an 
edge like the found-hole of a German flute, we {hall get 
a very diftinft and clear tone from it. If we now take 
a pipe of double the length, open at both ends, and 
blow acrofs its mouth, we obtain the fame note, but 
more clear and ftrong. And the note produced by 
blowing acrofs tbh mouth is not changed by a hole 
made exa&ly in the middle, in refpedt of its mufical 
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pitch, although it is greatly hurt in point of clearnefs Mufical 
and ftrength. Alfo a membrane at this hole is ftrong- ,1 lurnFet-< 
ly agitated. All this is in perfed conformity to this 
mechanifm. 

Thus we have, in a great meafure, explained the ef- 
fed of an open and a fhut pipe. The fhut pipe is al- 
ways an odave, graver than an open pipe of the fame 
length ; becaufe the open pipe is in uuifon with a {hut 
pipe of half the length. 

Let AC (fig. 4.) be a pipe flmt at both ends. We 
may confider it as compofed of two pipes AB, BC, 
flopped at A and C, and open at B, Undulations may 
be performed in each half, precifely as in the pipe AB 
of fig. 2. ; and tfiey will not, in the fmalleft degree, ob- 
ftrud each other, if we only fuppofe that the plates in 
each half are vibrating at once in the fame diredion. 
The condenfation in AB will correfpond with the ra- 
refadion in BC, and the middle parcel B will maintain 
its natural denfity, vibrating to, and again acrofs the 
middle ; and two plates a a, a a, which are equally di- 
ftant from B, will make equal excurfions in the lame 
diredion. 

We may produce found in this pipe by making an 
opening at B. Its note will he found to be the lame 
with that of BC of fig. 2. or of AB of fig. 2. 

In the next place, let a pipe, {hut at one end, be 
confidered as divided into any odd number of equal 
parts, and let them be taken in pairs, beginning at the 
flopped end, fo that there may be an odd one left at 
the open end. It is plain that each of thefe pairs may 
be confidered as a pipe flopped at both ends, as in 
fig- 4* 

For the partitions will, of themfclves, be in equili- 
brio, and may be removed, and vibrations may be main- 
tained in the whole, confiftent with the vibration of 
the odd part at the open end ; and thefe vibrations will 
all fupport each other, and the plates of air which are 
at the points of divilion will remain at reft. Conceive 
the pipe AB of fig. 2. to be added to the pipe AC of 

.fig, 4. the part A of the firft being joined to A of the 
other. Now, fuppofe the vibrations to be performed in 
both, in fuch a manner that the fimultaneous undula- 
tions on each fide of the junction may be in oppofite 
direftions. Jt is plain that the partition will be in e- 
quilibrio, and may be removed ; and the plate of air 
will perform the fame office, being alternately the 
middle plate of a condenfed and of a rarefied parcel of 
air. The two pipes C A, r\ B will together give the 
fame note that AB would have given alone,, but louder. 

In like manner may another pipe, equal to AC, be 
joined to the {hut end of this compound pipe, as in fig. 
5. and the three will ftill give the fame note that Adi 
would have done alone. 

And in the lame manner may any number of pipes,,, 
each equal to AC, be added, and the whole will give 
ftill the fame note that AB would have given alone. 

Hence it legitimately follows, that if the undulations 
can be once begun in this manner in a pipe, it may 
give either the found competent to it, as a iingle pipe 
AB (fig. 2.) ; or it may give the Bound competent to a 
pipe of -Jd, -|-th, -^th, &c. of its length ; the undulations 
in each part AB, BC, CD, maintaining themfelves in 
the manner already deferibed. This feems the only 
way in which they can be preferved, both ifochronous 
and fynchronous., 

It is known that the graved tones of pipes are as the 
lengths 
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lengths of the pipes, or the frequency of the undula- 
tions are inverfely as their lengths. (This will be de- 
monjlrcited prefently). Therefore thefe acceffory tones 
fhould be as the odd numbers 3, 5, 7, &c. and the 
whole tones, including the fundamental, fhould form 
the progreflion of the odd numbers 1, 3, 5, 7, &c. 

This is abundantly confirmed by experiment. Take a 
German flute, and flop all the finger-holes. The flute, 
by gradually forcing the blart, will give the fundamen- 
tal, the 12th, the 17th, the 21ft, &c. (a). 

Again, let AD (fig. 6.) reprefent the length of a pipe. 
Conflrudt on AD an harmonic curve AEBFCGHD, 
in inch a manner that HD may be \ AB, 4r BC, 
= ^ CH The fmall ordinates m n will exprcfs the to- 
tal excurfion of the plates of air at the points m m, &e. 
and thofe ordinates which are above the axis will ex- 
prefs excurfions on one fide of the place of reft, and the 
ordinates below will-mark the excurfions in theoppofite 
directions, in the lame manner as if this harmonic curve 
were really a vibrating cord. Thefe cxcurlions are no- 
thing in the points A, B, C, H, and are greateft at 
the points E, F, G, D, where the little mals of air re 
tains its natural denfity, and travels to and again, con-, 
denfing the air at B, or rarefying it, according as the 
parcels E and F are approaching to or receding from 
each other The points A, B, C, H, may be called 
Nodes, and the parts E, F, G, D, may be called 
Bights or Loops. This reprefents very well to the 
eye the motion of the plates of air. The denfity and 
velocity need not be minutely confidered at prefent. 
It is enough that we fee that when the denfity is in- 
creafing at A, by the approach of the parcel E, it is 
diminilhing at B by the recefs of E and F ; and in- 
creafing at C, by the approach of F and G, and dimi- 
nilhing at H, by the recefs of G. In the next vibra- 
tion it will be diminiihing at A and C, and increafing 
at B and H. And thus the alternate nodes will be in 
the fame ftate, and the adjoining nodes in oppofite flates. 

The reader muft carefully dillinguilh this motion 
from the undulatory motion of a pulfe, inveftigated by 
Newton, and defcribed in the article Acoustics, En- 
cycl. That undulation is going on at the fame time, 
and is a refult of what we are now confidering, and the 
caufe of our hearing this Undulation. The undulation 
we are now confidering is the original agitation, or ra- 
ther it is the sounding bod*, as much as a vibrating 
ftring or bell is; for it is not the trumpet that we hear, 
but the air trembling in the trumpet. The trumpet is 
performing the office, not of the ftring, but of the pin 
and bridge on which the ftring is flrained. This is an 
important remark in the philofophy of mufical founds. 

There is yet another fet of notes producible from a 
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pipe befides thofe which follow in the order of frequcn- Mufical 
cy I, 3, 5, 7. &C. * Trumpet. 

Suppofe a pipe open at both ends, founding by blow- ' 
ing acrofs the end, and undulating, as already defcribed, 
with a node in the middle A (fig. 3.) If we ftill ex- 
prefs the fundamental note of the pipe AB of fig. 2. 
by 1, it is plain that the fundamental of an open pipe 
of the fame length will have the frequency of its undu- 
lations exprefled by 2 ; becauie an open pipe of twice 
the length of AB (fig. 2.) will be 1, the two pipes 
AB (fig. 2.), and CB (fig. 3.), being in unifon. 

But this open pipe may be made to undulate in an- 
other manner; for we have feen that AB of fig. 2. 
joined to CA of fig. 4. may found altogether when the 
partition A is removed, full giving the note of AB 
(fig. 2.) Let fuch another as AB (fig. 2.) be added 
to the end C, and let the partition be removed. The 
whole may ftill undulate, and ftill produce the fame 
note ; that is, a pipe open at both ends may found a 
note which is the fundamental of a pipe like AB (fig. 
2.), but only one-fourth of its length. The pipe CB 
of fig. 3. may thus be fuppofed to oe divided into four 
equal parts, CE, EA, AF, FB, of which the extreme 
parts EC and FB contain undulations fimilar to thofe 
in AB (fig. 2.); and the two middle parts contain un- 
dulations like thofe in CA (fig. 4.) The partitions at 
E and F may be removed, becaufe the undulations in 
EC and EA will fupport each other, if they are in 
oppofite direftions ; and thofe in FB and FA may 
fupport each other in the fame manner. 

It mull here be remarked, that in this ftate of undu- 
lation the direftion of the agitations at the two extre- 
mities is the fame ; for in the middle piece EF the par- 
ticles are moving one way, condenfing the air at E, 
while they rarefy it at F. Therefore, while the middle 
parcel is moving from E towards F, the air at B muft 
be moving towards F, and the air at C muft be moving 
from E. In (hort, the air at the two extremities muft, 
in every inftant, be moving in the oppofite,fdire&ion to 
that of the air in the middle. 

In like manner, if the pipe CB of fig. 3. be divided 
into fix parts, the two extreme parts may undulate like 
AB of fig. 2. and the four inner parts may undulate 
like two pipes, fuch as C A of fig. 4. and the whole will 
give the lound which makes the fundamental of a pipe 
of one-fixth of the length, or having the frequency 6. 

We may remark here, that the limultaneous motion 
of the air at the extremities is in oppofite direiftions, 
whereas in the laft cafe it was in the fame direaion. 
T his is eafily feen ; for as the partition which is be- 
tween the two middle pieces muft always be in equili- 
brio, the air muft be coming in or going out at the ex- 
    tremities 

bettin^l'^d'aml^and kL'thof lh thefe,t0''eS Wil1 "0t be the fcale' A certain proportion b tween the diameter and length of the pipe produces a certain tone. Making the pipe wider or fmaller flattens 
or tarpons th.s tone a httle and alfo greatly changes its clearnefs. Organ-buikte, who have trkd ekrv nro 
port.on, have adopted what they found heft. This requires the diameter to be about Ath or J,th of theTeunh' 
Therefore, when we eaufe the fame pipe to found different notes we nerrleA TTin .01 T^tn ot the length, 
falfe, and even very coarfe, when we produce one rnrrefr V l S r n'* Pr?Port,on > and the notes are 
lar reafon, Mr Lambert found fn order to mX ht ffitT V^/?11 °fthe ?'?*' For a 

not fufficient to fhorten its caoacitv one-lmlf R ^ P Pe the octave to any of its notes, it was 
muft be lefs than the part taken off by a fix^d ^mftitv01" ^ Or^tfX ^ v p part reraaininS 

. ^ . s ^ niches. Or, the length which gave any note 
pemg xy the length for its oftave muft be~ -T T 
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MuGcal tremities together. This 

Trumpet, difference of chara&er to the founds 4 and 6. 
  v jn t}ie onej the agitations at each end of the tube are in 

the fame direction, and in the other they are in the op- 
pofite. Both produce pulfes of found which are crm- 
veyed to the ear. Thus we fee that the air in a pipe 
open at both ends may undulate in two ways. It may 
undulate with a node in the middle, giving the note of 
AB (fig. 2.), or of its 3d, 5th, 7th, Sic. pait ; and it 
may undulate with a loop or bight in the middle, found- 
ing like ‘, *, i, &c. of AB, %. 2. , , , 

In like manner may this pipe produce founds whole 
frequency are expreffed by 8, 10, &c. and proceed as 
the even numbers. 

This ilate of agitation may be reprefented in the 
fame way that we reprefented the founds 1, 3» 5> 
by conflruaing on AM (fig. ?•) an harmonic curve, 
with any number cf nodes and loops. Divide the parts 
AF, FD, DE, EM, equally in C, O, P, B. CB will 
correfpond to the pipe, and the ordinates to the curve 
GFHDLEN will exprefs the excurfions of the plates 
of air. 

If the pipe gives its fundamental note, its length muff 
be reprefented by CO, and the undulations in it will 
refemble the vibrations of part CO of a cold, whofe 
length AD is equal to 2CO, and which has a node in 
F. 

If the pipe is founding its oftave, 
fented by CP, and its indulations will 
brations of a cord CP, whofe length 
having nodes at F and D, &c. See. 

We can now fee the poflibility of fuch undulations 
exifting in a pipe as will be permanent, and produce all 
the variety of notes by a mere change in the manner of 
blowing, and why thefe notes are in the order of the 
natural numbers, precifely as we obferve to happen' in 
winding the trumpet or French horn. We have, 1/?, 
the fundamental expreffed by 1 ; then the oeffave 2 ; 
then the 12th, 3 ; the double oftave 4 -, then the third 
major of that odtave 5, or 17th of the fundamental; 
then the o&ave of the 12th, or the 5th of this double 
oftave, = 6. We then jump to the triple otffave 8, 
without producing the intermediate found correfponding 
to 4-th of the pipe. With much attention we can hit 
it ; and it is a fa& that a perfon void of mufical car 
Humbles on it as eafily as on any other. But the mu- 
sician, finding this found begin with hum, and his ear 
being grated with it, perhaps thinks that he is miffa- 
king his embouchure, and he Aides into the odlave. Af- 
ter the triple o£Iave, we eafily hit the founds corie- 
fponding to £ and TV, which are the 2d and 3d of this 
oftave. The next note TV is fharper than a juft 4th. 
We eafily produce the note 12, which is a juff 5th ; 
13 is a falfe 6th ; 14 is a found of no ufe in our mufic, 
but eafily hit ; 15 and 16 give the exa& 7th and 8th of 
this oftavc. 

Thus, as we afeend, we introduce more notes into 
every oftave, till at laft we can nearly complete a very 
high oftave ; but in order to do this with fuccefs, and 
tolerable readinefs, we muff take an inftrument of a very 
low pitch, that we may be able nearly to fill up the 
ffeps of the o&ave in which our melody lies. Few 
players can make the French horn or trombone found 
its real fundamental, and the oftave is generally miffa- 
ken for it. The proof of this is, that moft players can 
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circumffance muff give fome give the 5th of the loweft note that they aie able to 

' ' produce ; whereas the 5th of the real fundamental can- 
Mnfical 

Trumpet. 

not be uttered. Therefore that loweft note is not the 
fundamental, but the o&ave to the fundamental. 

Few performers can found even this fecond o&ave 
on a ftiort inffrument, fuch as the ordinary military 
trumpet ; and what they imagine to be the fundamen- 
tal found of this inftrument is the double odlave above 
it. This appears very ftrange ; and it may be afked* 
how we know what is really the fundamental note of a 
trumpet ? The anfwer to this is to be obtained only 
by demonftrating, on mechanical principles, what is the 
frequency of undulation correfponding to a given length 
of pipe. This is a propofition equally fundamental with 
its correfponding one in the theory of mufical cords ; 
but we have referved it till now, becaufe many readers 
would ftop fliort at fuch an inveftigation, who are able 
to underftand completely what we have now delivered 
concerning the muiic of the trumpet. 

Suppofe therefore a pipe (hut at both ends, and that 
the whole weight of the contained air is concentrated 
in its middle point, the reft retaining its elafticity with- 
out inertia ; or (which is a more accurate conception), 
let the middle point be conceived as extending its elaf- 
ticity to the two extremities of the pipe, being repelled 
from each by a force inverfely as the diftance. Let the 
length of this pipe be L. This may alfo exprefs the 
weight of the middle plate of air, which will always be 
proportional to the length of the pipe, becaufe all is 
fuppofed to be concentrated there. Let E be the elaf- 
ticity of the air. This muff be meafured by the pref- 
fure of the atmofphere, or by the weight of the column 
of mercury in the barometer. Perhaps the rationale 
of this will he better conceived by fome readers by con- 
fidering E as the height of a homogeneous atmofphere. 
Then it is plain that E is to L as the weight of this 
atmnfpheric column to the weight of the column of the 
fame air which fills the pipe whofe length is L. Then 
it is alfo plain that E is to L as the external preffure ; 
and confequently, as the elafficity which fupports that 
preffure is to the weight or inertia of the matter to be 
moved. Let this middle plate or diaphragm be with- 
drawn from its place of reft to the very fmall diftance 
a. The elafticity or repulfion will be augmented on 
one fide and diminiihed on the other ; and the difference 
between them is the only force which impels the dia- 
phragm toward the middle point, and caufes it to vi- 
brate, or produces the undulation. It is plain that the 

4 L ^ L ^ 
repulfion on one fide is , X E, or ^^ E 

(for j L — a : 4 E = E : and the repulfion 

on the other fide is 
. L 

X E, or L + 2 a 
4* 

E. The 

difference of thefe repulfions is E X L X j » ^But 

as we fuppofe a exceedingly fmall in comparifon with 
L, this difference, or the accelerating fbree, may fafely 

4<2 E 
be ex prefled by E or 4a . 

Flence we deduce, in the flrft place, that the undu- 
lations will be ifochronous, whether wide or narrow; be- 
caufe the accelerating force is always proportional to 
the diftance a from the middle point. 

Now,, 
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^Mufical Now, let a pendulum, whofe quantity of matter is 

i L, and length a, be fuppofed to vibrate in a cycloid by 
. r 4*5' 4 E the rorce -j- E, or a. It muft perform its vibra- 

tions in the fame time with the plate of air ; becaufe 
the moving force, the matter to be moved, and the 
fpace along which they are to be fimilarly impelled, 
are the fame in both cafes. Let another pendulum, 
having the fame quantity of matter L, vibrate by its 
weight L alone. In order that thefe two pendulums 
may vibrate in equal times, their lengths mull be as the 

accelerating forces. Therefore we muilhave-y-fl : L 

aL* L* 
— a : which is therefore the length of 
the fynchronous pendulum. 

Now, a cord without weight and inertia, but loaded 
with the weight L at its middle point, and {trained by 
a weight E, and drawn from the axis to the diftance a, 
is precifely limilar in its motion to the diaphragm we 
are now conlidering, and muit make its ofcillations in 
the fame time^ 

This is applicable to any number of plates of air, by 
fubflituting in the cord a loaded point for each of the 
plates ; for when the cafe is thus changed, both in the 
pipe and the cord, the fpace to be paifed over by the 
plate of air bears the fame proportion to a, which is 
paifed over by the whole air concentrated in the middle 
point, which the fpace to be paffed over by the corre- 
fponding loaded point of the cord bears to that paifed 
over byr the whole matter of the cord concentrated in 
the middle point ; and the fame equality of ratios ob- 
tains in the accelerating forces of the plate of air and 
the corresponding loaded point of the cord. Suppofe, 
t:.en, a pipe divided into 2, 3, 4, &c. equal parts, by 
i, 2, 3, diaphragms, each of which contains the air of 
tiiC intervening portion of the pipe, the wdiole weight 
L being equally divided among them. If there be but 
one diaphragm, its weight mud be L ; if two, the 
weight of each mull be f L ; if three, the weight of 
each mud be -3- E ; and fo on for any number. 

By confidering this attentively, we may infer, with- 
out farther invedigation, what will be the undulations 
of all the different plates of air in a pipe flopped at 
both ends. We have only to compare it with a cord 
fimilarly divided and loaded. Increafe the number of 
loaded points, and diminifh the load on each, continual- 
ly—it is evident that this terminates in the cafe of a 

. fimple cord, with its matter uniformly diflufed ; and a 
fimple pipe, with its air alfo uniformly ditfufed over its 
whole length. 

I herefore, if we take an eladic cord, and dretch it 
by fuch a weight that the extending weight may betr 
the fame proportion to the accelerating force afting on 
the whole matter concentrated in its middle point, tVhich 
theeladicity of the air bears to its accelerating force 
aftmg on the whole matter concentrated at the mouth 
0 an 0Ptn P'PC, founding its fundamental note, the 
cot a and the air will vibrate in the fame time. More- 
over, fmee the proportion between the vibrations of a 
cord fo con flit u ted, and thofe of a cord having its mat- 
ter unnormly diffufed, is the fame with the proportion 
between the undulations in a pipe fo condituted, and 
thole of a pipe in which the air is uniformly diffufed— 
it is plain that the vibrations of the cord and of the 
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pipe in their natural ftate will alfo be performed in equal 
times. 1 

We look on this as the eafied way of obtaining a 
didinft perception of the authority on which we red our 
knowledge of the abfolute number of undulations of the 
air in a pipe of given length. It may be obtained di- 
reftly ; and Daniel Bernoulli, Euler, and others, have 
given very elegant folutions ,of this problem, without 
having recourfe to the analogy of the vibrations of 
cords and undulations of a column of air But it re- 
quires more mathematical knowledge than many readers 
are poffeifed of who are fully able to follow out this 
analogical invedigation. 

Lit us tberdore compare this theory with experi- 
ment. \Y hat we call an open pipe of an organ is the 
fame winch we, in this theory, have confidered as a 
pipe open at both ends ; for the opening at the foot, 
which the organ-builders call the voice of the pipe, is 
equivalent to a complete opening. The aperture, and 
the {harp edge which divides the wind, may be conti- 
nued all round, and the wind admitted by a circular flit, 
as is reprefented in fig. 10. We have tried this, and it 
gives the mod brilliant and clear tones we ever heard, 
fai exceeding the tones of the organ. An open organ 
pipe, theretore, when founding its fundamental note, 
undulates with one node in its middle, and its undula- 
tions are analogous, in refpedf of their mechanifm, with 
the vibrations of a wire of the fame length, and the 
fame weight, with the column of air in the pipe, and 
dretched by a vyeight equal to that of a column of the 
fame air, reaching to the top of a homogeneous atmo- 
fphere, or equal to the weight of a column of mercury 
as high as that in the barometer. 

Dr Smith (fee Harmonics> 2d edit. p.>l93.) found 
that a brafs wire, whofe length was 35,55 inches, and 
weight 31 troy grains, and dretched by 7 pounds avoir- 
dupois, or 49000 grains, was in perfect unifon with an 
open organ pipe whofe length was 8,6,4 inches. 

Low 86,4 inches of this wire weighs 75,34 grains. 
When the barometer dands at 30 inches, and the ther- 
mometer at 55° (the temperature at the time of the ex- 
periment), the height of a homogeneous atmofphere is 
332640 inches. 1 his has the fame proportion to the 
length of the pipe whi£h the preffure of the atmofphere 
has to the weight of the column of air contained in the 
P'Pe* 

t 
No

r
w 86’4 : 332640 — 75,34 : 290060. This wire, 

therefore; fhould be dretched (if the theory bejud) by 
290060 grains, in order to be unifon with the other wire, 
and we fliould have 35,55* : 86,4’ = 49000 : 290060 

'n/r
truth> * 35.5S’ : b6,4’ = 49000 : 289430 The difference is ^630 

The error fcarcely exceeds T^, and does not amount 
to an error of one vibration in a fecond. 

We mud' therefore account this theory as accurate, 
feeing that it agrees with experiment with all delirable 
exactnefs. 

Vv e may alfo deduce from it a very compendious rule 
for determining the abfolute number of aereal pulfes 
made by an open pipe of any given length. When con- 

1 eiing the vibi ations of cords, we found that the num- 

ber of vibrations made in a fecond is 386 where 

E is the extending weight, W the weight of the cord, 
and L its length. Let PI be the height of a homoge- 

neous 

Mufical 
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Trumpet, neous atmofphere. We have its weight =r ■ E. 

HW 
Therefore fubllituting —?— for E in the above formu- 

la, we have the number of aerial pulfes made per fecond 

= or = Now H, com- v L2 L 
puted in inches, is it331. Therefore, if we alfo mea- 
iure the length of the pipe L. in inches, the pulfes in a 
r 1 1 3 31 iecond are = —. Thus, in the cafe before us, 
1M31 . . 

= 13'*12, or this pipe produces 131 pulfes in 
a fecond. Dr Smith found by experiment that it pro- 
duced I 30,9, differing only about yth of a pulfe. 

We fee that the pitch of a pipe depends on the 
height of the homogeneous atmofphere. This may 
vary by a change of temperature. When the air is 
warmer it expands, and the weight of the induced co- 
lumn is leffened, while it ftill carries the fame preffure. 
Therefore the pitch mull rife. Dr Smith found his or- 
gan a full quarter tone higher in fummer than in win- 
ter. The effedl of this is often felt in concerts of wind 
inflruments with ftringed inftruments. The heat which 
fharpens the tone of the firfl flattens the laft. The 
harpfichord foon gets out of tune with the horns and 
flutes. 

Sir Ifaac Newton, comparing the velocity of found 
with the number of pulfes made by a pipe of given 
length, obferved that the length of a pulfe was twice 
the length of the open pipe which produced it. Di- 
vide the fpaee palled over in a fecond by the number of 
pulfes, and we obtain the length of each pulfe. Now 
it was found that a pipe of 21,9 inches produced 262 
pulfes. The velocity of found (as computed by the 
theory on which our inveftigation of the undulations in 

pipes proceeds) is 960 feet. Now 2 = 44inches 

very nearly, the half of which is 22, which hardly dif- 
fers from 2 1,9. The difference of this theoretical ve- 
locity of found, and its real velocity 1142 feet per fe- 
cond, remains Hill to be accounted for. We may juft 
obferve here, that when a pipe is meafured, and its 
length called 2 1,9, we do really allow it too little. The 
voice-hole is equivalent to a portion, not inconfiderable 
of its length, as appears very clearly from the experi- 
ments of Mr Lambert on a variable pitch-pipe, and on 
the German flute, recorded in the Berlin Memoirs for 
J775. He found it equivalent to yth ; and this is fuf. 
ficient for reconciling thefe meafures of a pulfe with 
the real velocity of found. 

The determination which we have given of the un- 
dulations of air in an organ pipe is indireft, and is but 
a.lketch of the beautiful theory of Daniel Bernoulli, in 
which he ftates with accuracy the precife undulation of 
each plate of air, both in refped of pofition, denfity, 
velocity, and direction of its motion. It is a pleafure 
to obferve how the different equations coincide with 
thofe which exprefs the vibrations of an elaftic cord. 
But this would have taken up much room, and would 
not have been failed to the information of many curious 
readers, who can eafily follow the train of reafoning 
which we have employed. 

Mr Bernoulli applies the fame theory to the expla- 
Suppl. Vol. II. Part II. 
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nation of the undulations in flutes, or inffruments whofe 
founds are modified by holes in the fides of the pipe. 
But this is foreign to our purpofe of explaining the 
mufic of the trumpet. We fhall only obferve, that a 
hole made in that part of a pipe where a node fhould 
lorm itlelf, in order to render practicable the undula- 
tions, competent to a particular note, prevents its for- 
mation, and in its place we only get fuch undulations 
(and their correfponding founds) as have a loop in that 
place. I he intelligent reader will perceive that this 
lingle circumftance will explain almoff every phenome- 
non of flutes with holes ; and alfo the effects of holes 
in inftruments with a reed voice, fuch as the hautboy 
or clarionet te. 

We now fee that the found or mufical pitch of a 
pipe is inverfely as its length, in the fame manner as in 
firings, And we learn, by comparing them, that the 
found of a trumpet has the fame pitch with an open 
organ pipe of the fame length. A French horn, 16 
feet long, has the found C fa ut, which is alfo the found 
of an open flute-pipe of that length. 

1 he 1 rombone, great trumpet, or Sackbut, is an 
old inftrument deferibed by Merfennus and other au- 
thors ot the laft century. It has a part which Aides (air- 
tight) within the other. By this contrivance the pitch 
can be altered by the performer as he plays. This is a 
great improvement when in good hands ; becaufe we 
can thus correft all the falfe notes of the trumpet, 
which are very offenfive, when they occur in an empha- 
tical or holding note of a piece of mufic. We can 
even employ this contrivance for filling up the blanks 
in the lower odlaves. 

We muil not take leave of this fubiedl without ta- 
king notice of another difeovery or Mr Bernoulli's^ 
which is exceedingly curious, and of the greateft im- 
portance in the philofophy of mufic. 

Artifts had long ago obferved that the deep notes 
of mufical inftruments are fometimes accompanied bv 
their harmonic founds. This is mofl clearly perceived 
in bells, fome of which give thefe harmonics, particu- 
larly the 1 2th, almoft as ftrong as the fundamental. Mu- 
ficians, by attending more carefully to the thing, feem 
now to think that this accompaniment is univerfal. if 
one of the fineft foun ding firings of the bafes of a harp- 
fichord be flruck, we can hear the 12th-very plaiulv 
as the found is dying away, and the 17th major is tne 
laft found that dies away on the ear. This will be ren- 
dered much more fenfible, if we divide the wire into 
five parts, and at the points of divifion tie round it a 
thread with a fall knot, and cut the ends off very fliort. 
This makes the firing falfe indeed by the unequal load- 
ing ; but, by rendering thofe parts fomewhat lefs move- 
able by this additional matter, the portions of the wire 
between thefe points are thus jogged, as it were, into 
fecondary vibrations, which have a more fenfible pro- 
portion to the fundamental vibration. This is flill more 
fenfible in the found of the firings of a violincello whert 
fo loaded ; but we muft be careful not to load them 
too much, becaufe this would fo much retard the fun- 
damental vibration, without retarding the fecondary 
vibrations, that both cannot be maintained together. 
{N. B. This experiment always produces a beat in the 
found).—Liftening toa fine founding flute-pipe of the 
organ, we can alfo very often perceive the fame thing. 
Mr Rameau, and inoft other theorifts in tnufic, now af* 
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Mufical fert that this is the eflence of a tnufical found, and ne- 
Trumpct. cejrdrHy exi(ts in all 0f them, diftinguifhing them from 

"* ' harfh noifes. Rameau has made this the foundation of 
his ftyftem of mufic, afferting that the pleafure of har- 
mony refults from the fuccefsful imitation of this har- 
mony of Nature, (fee Mu sic, Encyd'.). But a little logic 
fnould convincethefe theorifts that they mud be miftaken. 
If a note is mufical becaufe it has thefe accompaniments, 
and by this compofition alone is a mufical note, what 
are thefe harmonics ? Are they mufical notes ? This is 
granted. Therefore they have the farpe compofition ; 
and a mufical note muff confifi at once of every poffible 
found ; yet we know that this would be a jarring noife. 
A little mathematics, too, or mechanics, would have 
convinced them. A fimple vibration is lurely a molt 
poffible thing, and therefore a fimple found. No, fay 
the theorills ; for though the vibration of the cord may 
be fimple, it produces fuch undulations in the air as ex- 
cite in us the perception of the harmonics. But this 
is a mere affiertion, and leaves the queftion undecided. 
Is not a fimple undulation of the air as poffible as the 
fimple vibration of a cord ? 

It is, however, a very curious thing, that almoft all 
Tnufical founds really have this accompaniment of the 
oftave, 1 2th, double o&ave, and 17th major; for thefe 
are the harmonics that we hear. 

Tiie jealoufy of Leibnitz and of John Bernoulli, and 
their unfriendly thoughts refpe&ing all the Bvitifh ma- 
thematicians, made John Bernoulli do every thing in 
his power to leffien the value of Dr Taylor’s inveiliga- 
tion of the vibration of a mufical cord. Taylor gave 
him a good opportunity. Perhaps a little vain of his 
invelligation of this abftrufe matter, he thought too 
much of it. He affirmed that the harmonic curve was 
the effential form of a firing giving a mufical note. 
This was denied, without knowing at firft whether it 
was true or falfe. But aVthe analytic mathematics im- 
proved, it was at length found that there are an in- 
finity of forms into which an elaftic cord can be thrown, 
wiiich are confiftent both with ifochronous vibrations, 
whether wide or narrow, and alfo with the condition 
of the whole cord becoming a ftraight line at once. 
Euler, D’Alembert, and De la Grange, have profecu- 
ted this matter with great ingenuity, and it is one of 
the finelt problems of the prefent day. 

Daniel Bernoulli, of a very different call of mind 
from his illuftrious friends, admired both Newton and 
Taylor ; and fo far from wilhing to eclipfe Dr Taylor 
by the additions he had made to his theory, tried whe- 
ther he could not extend Taylor’s do&rine as far as the 
author had faid. When he took a review of urhat he 
had done while explaining the partial vibrations of mu- 
fical cords, be thought it very poffible that while a cord 
is vibrating in three portions, with two nodes or points 
of refi, and founding the 12th to its fundamental, it 
might at the fame time be alfo vibrating as a fimple 
cord, and founding its fundamental note. It was pof- 
fible, he thought, that the three portions might be vi- 
brating between the four points with a triple frequen- 
cy, while the two middle nodes were vibrating acvofs 
the ftraight line between the two pins ; and thus the 
vibrating cord might be a moveable axis, to which the 
rapid vibrations of the three pqrts might always be re- 
ferred. Phis was very fpecious ; and when a little more 
attentively confidered, became more probable : for if 

the cord A/>ByCrD (fig. 8.) be vibrating as a 12th to Mufical 
its fundamental AD, the points B and C are in equili- Trumpet; 
brio. If therefore thefe two points be laid bold of by vr~w 

hooks, and be drawn afide to /3 and y, while the firing 
is yet vibrating, this ffiould not hinder the vibrations. 
If the hooks be annihilated in an inftant, the whole 
ftiould vibrate between A and D ; and this fttould be 
in a way very different from the fimple vibration. The 
queftion now is, will the cord continue to vibrate with 
the loops (t> s y, ii q y, &c. in the 900th part of a fecond 
(for infiance), while the whole firing vibrates from 
A y~D to A !i' y' D in the 300th part of a fecond ? or 
will it at once acquire the form of the limple harmonic 
curve ? The cafe in which it is molt likely to take the 
latter mode of vibration is when the points £ and y are 
let go at the infiant that each portion of the firing 
is in the middle of ills vibration, and therefore forms 
the line A 0 > D. But a moment’s confideration will 
thew us that it cannot do this ; for at that inftant the 
point v, for infiance, which had come from qy is mo- 
ving outwards with 3 moft rapid motion, and there- 
fore will continue to go outward, while 4 and y are ap- 
proaching the axis. The point w, on the contrary, 
is at this moment approaching the axis with a mo- 
tion equally rapid. They cannot therefore all come 
to the axis at once, and the vibration muft differ 
greatly from a fimple one. On the other hand, let 
it be fuppofed that both fpecies of vibrations can be 
preferved, and that, at the moment of letting go the 
points & and >-, the cord has the form Am p, q y n D. 
Then, when s and y have come to B and C, having 
made 4- a vibration, the point m will be in the axis, ha- 
ving made a vibration downward, and a half vibration 
upwards, q, in like manner, is in the axis, having made 
a whole vibration upwards, and half a vibration down- 
wards. n is like m. Thus the whol^ comes to the 
axis at once ; and in fuch a manner, that if the points 
B and C were inftantly flopped, the three portions 
would continue their partial vibrations without any new 
effort. The refult of this compound vibration mull be 
a compound pulfe of air, which will excite in us the 
perception of the fundamental found and of its 12th. 
I’he confequence will be the fame if the points £ and y 

are Hopped any where fhort of the axis; and therefore 
(faid Bernoulli) the firing will really vibrate fo if not 
flopped at all. 

But this was refufed by Euler, who obferved that in 
the points ti and y of contrary flexure, having no cur- 
vature, there can be no accelerating force. This caufed 
Bernoulli to attempt a diredl invelligation, examining 
minutely the curvatures and accelerating forces in the 
different points. 

He had the pleafure of finding that the accelerating- 
forces arifing from the curvature in every point, were 
precifely fuch as would produce the accelerations ne- 
ceflary in thofe points for performing the motion that 
was required. And he exhibited the equations expref- 
five of the flate of the cord in all thefe points. And, 
on the faith of thefe equations, he reftored the Tay- 
lorean curve to the rank which its inventor had given 
it; and he afferted that in every mufical vibration the 
cord was difpofed in a harmonical curve either fimple 
or compound. He farther ffiewed that the equations 
which Euler and D’Alembert had given for the mufi- 
cal cord (at leaft in the eafes which they had publifh- 
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'Mufical eJ) were included in his equations, and that their equa- 
Trumpet. t}ons only exhibited its momentary ftates, while his own 

equations (liewed the phyfical connedlion of them all; 
which is, that the whole cord forms a harmonic curve 
between the two fixed pins, while its different portions 
form fubordinate harmonic curves on the firft as an 
axis. Euler and D’Alembert, although they acknow- 
ledge this in the particular cafes which they had taken 
as examples, on account of their fimplicity, ft ill in lift 
that no fubordinate harmonic vibrations can correfpond 
to all the ftates of an elaftic cord which their equations 
exhibit as ifochronous and permanent. Mr Bernoulli’s 
death put an end to the controverfy, and the queltion 
(confidered as a general theory) is perhaps ftill unde- 
cided. It may very probably be true, that as a fimple 
vibration may be permanent which never has the form 
of the fimple harmonic deferibed by Dr Taylor, to a 
vibration may exift compounded of fuch vibrations, and 
therefore not exprefiible by any equation deduced from 
the Taylorean curve. 

But, in the mean time, Mr Bernoulli has made the 
moft beautiful difeovery in mechanics which has appear- 
ed in the courfe of the laft century, and has ex- 
plained the moft curious phenomenon of continued 
founds, •v'rx. the almojl umverfal accompaniment of the 
harmonic notes of any fundamental found. For this 
fufceptibility of compounded variation is not confined to 
a 12th, but is equally demonftrable of every other har- 
monic. Nay, it is evident that the fame fimple vibra- 
tion of a cord may furnifh a moveable axis to more than 
one harmonic. For as the fimple vibration can have a 
fubordinate harmonic vibration fuperinduced upon it, 
fo may this compounded vibration have another fuper- 
induced on it, and fo on to any degree of compolition. 
And farther, as Mr Bernoulli has fhewn the complete 
analogy between the accelerations of the different points 
of an elaftic cord and of the correfponding plates of a 
column of air, it legitimately follows that all the con- 
Tequences which we can eafily deduce, refpedting the 
vibrations of an elaftic cord, may be affirmed refpeeting 
the undulations of a column of air in a pipe. There- 
fore this accompaniment of the harmonics mull not be 
confined to the mufic of firings and bells, but equally 
obtains in the mufic of wind inftruments. And thus 
the doflrine becomes univerfal. 

Mr Bernoulli did not think it enough to fliew that 
thefe compound vibrations are poflible. He endeavours 
to fhew that this accompaniment muft be frequent. 
He illuftrates this very prettily, by filppofing that a 
toothed wheel is turned round, and ruba with its teeth 
on an elaftic cord. If the fucceflive dropping of the 
teeth keep exactly pace with fuch vibrations as the 

‘ cord can take and maintain by its elafticity, thefe will 
certainly be formed on it. If the intervals do not ex- 
aflly correfpond, a little refk&ion will fhew that the 
agitation which the cord acquires will approximate to 
thofe which it can maintain ; and, if when they are ex- 
actly fo in any place of it, and the wheel be in that in- 
ftant removed, this vibration will remain and diffufe it- 
felf through the reft of the cord ; fo that the very laft 
dying quiver (fo to fpeak) will be a harmonic. Every 
harmonic agitation tends, by the very nature of the 
thing, to continue, while thofe that are incompatible 
really do deftroy each other; and the very laft muft be 
the remainde*-or fuperplus of fuch as could continue, 

over thofe which deftroyed each other. Accordingly, Mufical 
the harmonic notes of wires are always moft diftin&ly j rumj e:.^ 
heard as the found is dying away. 'r~ 

There is no occafion now to fay any thing about the 
fallacy of Rameau’s Generation Harmonique as a theory 
of mufical pleafure. Our harmonies pleafe us, not be- 
caufe a found is accompanied by its harmonics, but be- 
caufe harmonics pleafe. His principle is therefore a 
tautology, and gives no inftruftion whatever. His the- 
ory is a very forced accommodation of this principle to 
the pra(Slice of muficians, and tafte of the Public. He 
is exceedingly puzzled in the cafe of the foufdominantef 
or 4th of the fcale, and the 6th where there is no refon- 
nance. He fays that thefe notes, “ fremifient, quoiqu* 
dies ne refonnent pas.” But this mifleads us. They 
do not refound ; becaufe a 4th and 6th cannot be pro- 
duced at all by dividing the cord. They tremble ; be- 
caufe the falfe 4th and falfe 6th are very near the true 
ones, and the true 4th and 6th would both tremble and 
refound, if they we e made falfe. A firing will both 
tremble and refound, if very nearly true, as any one ob- 
ferves the 12th and 17th on a harpfichord tremble and 
refound very ftrongly, though they are tempered notes. 
The whole theory is overturned at once by tuning the 
4th falfe, fo as to correfpond to an aliquot divifion of 
the cord. It will then refound ; and if this had hap- 
pened to be agreeable, it would have been catched at as 
the foufdominante. 

The phyfical caufe of the pleafure of harmonic founds 
is yet to feek, as much as our choice of thofe notes for 
melody which give us the bed harmony (fee Tempe- 
rament, Suppl.). We have no hefitation in faying 
that, with refpeft to our choice, the two are quite in- 
dependent. Thoufands enjoy the higheft pleafure from 
melody who never heard a harmonious found. All the 
untaught fingers, and all fimple nations, are examples. 

They not only fix on certain intervals as the fteps of 
their tunes, but are difgufted when other fteps are ta- 
ken. Nor do we hefitate, for the very fame reafons, 
to lay that the rules of accompaniment are dependent 
on the cantus or air, and by no means on the funda- 
mental bafs of Rameau. i he dependence aflumed by 
him, as the rule of accompaniment, would, if pro- 
perly adhered to, according to his ovtn notions of the 
comparative values of the harmonics, lead to the moft 
fantallic airs imaginable, always jumping by large inter- 
vals, and altogether incompatible with graceful mufic: 
The rules of modulation which he has Iqueezed out of 
his principle, are nothing but forced, very forced, acr 

commodations of a very vague principle to the current 
praddice of his contemporaries. They do not fuit the 
primitive melodies of many nations, and they have cau- 
fed thefe national mufics to degenerate. This is ac- 
knowledged by all who arc not perverted by the pre- 
vailing habits. We have heard, and could write down, 
fome moft enchanting lullabies of fimple peafant wo- 
men, pofleffed of mufical fenlibility, but far removed, in 
the cool fequeftered vale of life, from all opportunities 
of ftealing from our great compofers. Some of thefe 
lullabies never fail to charm, even the moft erudite mu- 
fician, when fung by a fine flexible voice ; but it would 
puzzle Mr Rameau to accompany them fecundum artem. 

We conclude this fubjed by deferibing a moft beau- 
tiful and inftrudtive experiment. 

Mr Watt, the celebrated engineer, was amufing him- 
4 Z 2 felf 
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Mufical felf (about the year 1765) with organ-building, and 

Trumpet. j'nventecj a monochord of continued found, by which he 
could tune an organ with mathematical precifion, ac- 
cording to any propofed fyftem of temperament. It 
conlifted of a covered ftring of a violincello, founding by 
the fridtion of an ivory wheel. The inllrument did not 
anfvver Mr Watt’s purpofe, by reafon of the dead harlh- 
nefs of its tone, and a flutter in the ftring by the un- 
equal adtion of the wheel. But Mr Watt was amufed 
by obferving the ftring frequently taking, of its own 
accord, points of divilion, which remained fixed, while 
the reft was in a ftate of ftrong vibration. The inftru- 
ment came into the pofieflion of the writer of this ar- 
ticle. He foon faw that it gave him an opportunity 
of making all the experiments which Bernoulli could 
only relate. When the ftring was kept in a ftate of 
iimple vibration, by a very uniform and gentle motion 
of the wheel, if its middle point was then gently touch- 
ed with a quill, this point immediately (topped, but the 
ftring continued to vibrate in two parts, founding the 
odtave: And this it continued to do, however ftrong 
the vibrations were rendered afterwards by increafing 
the preflure and velocity of the wheel. The fame thing 
happened if the ftring was gently touched at one third. 
It inftantly divided itfelf into three parts, with two 
nodes, and founded the 12th. In the fame manner the 
double o&ave, the 17th, and all other harmonics, wrere 
produced and maintained. 

But the prettied experiment was to put fomething foft, 
fuch as a lock of cotton, in the way of the wide vibrations 
of the cord, at one-third and two thirds of its length, fo 
as to difturb them when they became very wide. When 
this was done, the ftring inftantly put on the appear- 
ance of fig. 8. performing at once the full vibration 
competent to its whole length, and the three fubordi- 
nate vibrations, correfponding to one-third of its length, 
and founding the fundamental and the 12th with equal 
ftrength. In this manner all the different accompani- 
ments were produced at pleafure, and could be conti- 
nued, even with ftrong founds. And it was amufing 
to obferve, when the wheel was ftrongly preffed to the 
ftring, and the motion violent, the nodes would form 
themfelves on various parts of the ftring, running from 
one part to another. This was always accompanied 
with all the jarring founds which correfponded to them. 

When the ftring was making very gentle, fimple vibra- 
tions, and thewheel hardly touching it, if a violincello was 
made to found the 12th very ftrongly in its neighbour- 
hood, the ftring inftantly divided itfelf, and vibrated in 
imifon, frequently retaining its fimple vibration and fun- 
damental tone. We recommend this experiment to 
every perfon who wifties to make himfelf well acquaint- 
ed with the mecbanifm of mufical founds. He will fee, 
in a molt fenllble and convincing manner, how a fingle 
ftring of the iEolian harp gives us all the changes of 
harmony, Aiding from one found to another, according 
as it is affected in its different parts by an irregular 
breeze of wind. The writer of this article has attempt- 
ed to regulate thefe fweet harmonic notes, and to in- 
troduce them into the organ. His fuccefs has been very 
encouraging, and the founds far exceed in pathetic 
fweetnefs any that have yet been produced by that 
noble inftrument. But he has not yet brought them 
fully under command, nor made them ftrong enough 
for any thing but the fofteft chamber mufic. Other 

neceffary occupations prevent him from giving the atten- 
tion to this fubje<ft that it deferves. He recommends 
it therefore to the mufical inftrument-makers as richly 
deferving their notice. His general method was this : v 
A wmoden pipe is made, whofe fedfion is a double 
fquare. A partition in the middle divides it into twn> 
pipes, along fide of each other. One of them commu- 
nicates with the foot and wind cheft, and is (hut at the 
upper end. The other is open at the upper, and (hut 
at the lower end. In the partition there is a (lit almoft 
the whole length, and the (ides of this (lit are brought 
to a very fmooth chamfered or feather edge. A line 
catgut is (trained in this (lit, fo as almoft to touch the 
Tides. It is evident that when the wind enters one 
pipe by the foot, it paffes through the (lit into the o- 
ther, and efcapes at the top, which is open. In its 
paffage it forces the catgut into motion, and produces 
a mufical note, having all the fweetnefs of the iEolian 
harp. The ftrength of found may be increafed by in- 
creafing the body of air which is made to undulate. 
This was done by tiling, inftead of catgut, very narrow 
filk tape or ribband varnilhed: but the unavoidable rag- 
gednefs of the edges made the founds coarfe and whee- 
ling. Flat filver wire was not fufficiently elaftic ; flat 
wire, ufed for watch balance fprings, was better, but 
dill very weak founded. Other methods were tried, 
which promifed better. A thin round plate of metal, 
properly fupported by a fpring, was fet in a round hole ; 
made in another plate not fo thin, fo as juft not to 
touch the Tides. The air forced through this hole made 
the fpring plate tremble, dancing in and out, and pro- 
duced a very bold and mellow found.—This, and fimi- 
lar experiments, are richly worth attention, and promife 
great additions to our inftrumental mufic. 

TSCHIRNHAUS (Ehrenfred Walther Von), a 
name well known in the republic of letters, and one of 
the ornaments of the 17th century, was born April 10. 
1651, at Kiflingfwald near Gorlitz in Upper Eufa- 
tia. His father was Erneft Chriftopher Von Tfchirn- 
haus, Baron Kiflingfwald and Stoltzberg, and Obern- 
fchonfeld, privy counfellor, and in various offices of rank 
under the Electors George I. and II. of Saxony, the 
firft of whom honoured him with the diftinction of the 
gold chain and portrait, as a mark of his fenfe of hia 
merits and fervices. The mother o( the young Von 
1 (chirnhaus wras Maria Stirling, daughter of Baro a 
Stirling et Achilt Stirling of Achil, or Achyle, in Scot- 
land, an old and refpectable family, as appears by an 
epitaph which the Duke Chriftian, brother of the E- 
ledtor George II. inicribed on the tomb of Johan Al- 
bert Stirling of Achil, in the cathedral of Marckfpurg. 
1 his gentleman had been prefident of the fenate of the 
electorate, privy counfellor, direCtor of the impofts, and 
mafter of horfe to the Prince, and had, by his faithful 
and ufeful fervices, acquired his higheft efteem. 

E. W. Von Tfchirnhaus was born, as has been ob- 
ferved, at Kiflinglwald, the ufual relidence of the fami- 
ly, and poffeffed by it during more than $co years. The 
family' came originally from Bohemia, and appears to- 
have been coniiderable, feeing that, from the earlieft ac- 
counts of it in Lufatia, the Barons of Kiflingfwald are 
generally found in the moft refpedtable civil offices. 

I he figure which Baron Von Tfchirnhaus, the fub- 
jeCt of this relation, has made in the fcientific and po- 
litical world, makes it fuperfluous to fay that his early 

years 
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Tfchirn- years were well employed. Quick apprehenfion, a clear 
haus. perception of tlie iubjeft of his thoughts} and the molt 

v ' ardent and infatiable thirlt for knowledge, diltinguifhed 
him during his academical education. When 17 years 
of age, he was fent to Leyden. In 1672 all Itudy was 
interrupted in Holland by the din of war ; and Mr Von 
Tfchirnhaus left the univerfity for the camp. His 
knowledge in mathematics, mechanics, and all phylical 
fcience, found ample room in the military fervice for 
(hewing the importance of thofe fciences ; and 1 fchirn- 
haus fo dillinguilhed himfelf by his fervice in this way, 
that Baron Nieuland, a genei'al officer of great merit, 
and at the fame time an accomplilhed icholar, took de- 
light in puthing him into every fervice where he could 
ffievv himfelf and his talents. 

After two years fervice, he returned to his lather’s ; 
but finding little to intereft him in the life of a mere 
country gentleman, and itill burning with the fame 
third of knowledge, he prevailed on his father to allow 
him to travel. His younger brother George Albrecht 
Von Tfchirnhaus, Baron Obernfchonfeld, wnich he inhe- 
rited from*his grandfather Stirling, loved him with the 
warmed affettion, and fupplied him liberally with what 
was required for his appearance everywhere in a man- 
ner becoming his rank, and for fully gratifying his cu- 
riofity. He ufed often to fay, “ Sorry was 1 to lole the 
company of my dear brother, and 1 fometimes wilhed 
to accompany him ; but not having his third lor know- 
ledge, I knew that his love for me would debar him of 
much happinefs, which I Ihould thus have obdruded.” 
Felices animal He went to Holland, from thence into 
England, France, Italy, Sicily, Malta, Greece.—Re- 
turning through the Tyrol, he met his brother at Vien- 
na, where both were in great favour at the court of 
Leopold. Wherever he went, he made himfelf ac- 
quainted with the mod eminent in all departments of 
fcience, living with them all in the mutual exchange of 
difeoveries and of kind offices. In Holland he was in- 
timate with Huyghens and Hudde ; in England, with 
Newton, Wallis, Halley, and Oldenburgh ; in France, 
among a people who more fpeedily contrad acquaint- 
ance, there was not a man ot note with whom he did 
not cultivate an adive acquaintance — and, fortunately, 
Leibnitz then lived at Paiis: in Italy, he was particu- 
lar careffed by Michaeli, foon after Cardinal; and was 
in the clofed correfpondence with Kircher. His en- 
joyments, however, were derived folely from the com- 
munications of the mod eminent ; his euriofity was di- 
reded to every thing, and wherever he faw an ingeni- 
ous artifan, he was eager to learn from him fomething 
ufeful. In 1682, when at Paris for the third time, he 
communicated to his friends his celebrated theory of 
the cauftic curves, which marked him out as a valuable 
acquifition, and he was eleded a member of the Royal 
Academy of Sciences, which was then reformed by the 
great minider Colbert, and the mod illudrious in all na- 
tions were picked out for its ornaments. There he found 
himfelf feated with Leibnitz, Huyghens, John Ber- 
noulli, &c. 

After twelve years employed in vifiting Europe, he 
returned home: but after a fhort flay, went to Flan- 
ders, and prepared to publifh his work, intitled Medi- 
cina Mentis ; of which the fubjed may aimed be gueffed, 
from the way in which he had exercifed his own mind. 
Having the 'mod exalted notions of the intelledual and 
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moral nature of man, he thought that the continual Tfchirn- 
fupply of information was as neeeflary as the continual haws, 
fupply of food. And his great principle was to en- ~ 
lighten. This work was committed to the care 
of iome friends, and did not appear till 1687, at 
Amderdam. A (econd edition appeared at Leipfic in 
l69S* 

Finding now that his moderate fortune was infufficient 
for the great public projeds he had in view, he fought 
for affidance, and endeavoured to make friends by fre- 
quenting the court of the Eledor at Drefden. He 
foon became a favourite of his Princes, George the II. 
and III. and was appointed to adive offices ot great re- 
fponfibility. By tne orders and encouragement of the 
Eledor, then king of Poland, he introduced into his 
native country the fird manufadure of glafs; and his 
projed foon throve to fuch a degree, that not only 
Saxony was fupplied, but they even began to export 
the finer kinds ot white glais for windows ; in which 
manufadure Saxony dill excels. It was in the courfc 
ot experiments tor improving this manufadure that 
11chirnhaus made the celebrated great burning glades 
which dill bear his name. He made two of thefe lenfes, 
and gave one to the Emperor, and the other to the A- 
cademy of Paris. He was eager to improve the art of 
forming and polifhing optical glades; and in the profe- 
cutiou of the theory on which their performance de- 
pends, he made fome beautiful difeoveries iu the depart- 
ment of pure geometry. It is well known that all the 
fciences are allied, and of a family, and that eminence 
in one is (eldom attainable without the adidance of o- 
thers. His prefent purfuits led him to the dudy of 
chemidry, which he profecuted with the fame ardour 
which he exhibited in every thing he undertook. But 
all the while, mathematics, and efpecially geometry, was 
his favourite dudy ; and he was anxious to make the 
fame advances in the general paths of mathematical in- 
vedigation which he thought he had made in the ge- 
neral laws of material nature. He apprehended that 
only bye paths were yet known, and that many things 
were yet inaccedible ; becaufe we had not yet found out 
the great roads from which thofe branches were derived. 
He was of Des Cartes’s opinion, that the true road in 
mathematics mull be an ealy one, except in cafes which 
wrere, in their own nature, complicated. Very early, 
therefore, he began writing on mathematical lubjedls, 
always continuing his general views of the fcience, and 
his endeavours to fydematife the lludy ; but, at the 
fame time, bedowing a very particular attention on 
any branch which chanced to intered him ; each of 
thele his epifodical dudies in mathematics deferves the 
name of a department of the fcience. This is the cafe 
with his theory of caudic curves, with his method of 
tangents, and his attempt to free Leibnitz’s calculus 
from all confideralion of infinitefimal quantities. Mr 
Tfchirnhaus feldom gave himfelf any trouble with a 
particular problem. In all his mathematical perform- 
ances, there is an evident connedlion with fomething 
which he confidered as the great whole of the fcience ; 
and the manner of treating the different quedions is 
plainly accommodated to a fydem in his thoughts. This 
he intended as the third part of the Medicina Mentis ; 
and, having nearly completed the fecond, he had propo- 
fed thefe as the occupation of the enfuing winter (1708- 
9). But his death, which may be called premature, 
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Tfchirn- hag deprived the world of thefe, and other beneficent 

^aUf' and ufeful labours. 
Mr Von Tfchirnhaus was of the moll mild and gentle 

difpofition, as was well known to all who enjoyed his 
acquaintance. This difpofition was fo eminent in him, 
that fcarcely any perfon ever faw him angry, or even 
much ruffled in his temper. He forgave injuries frank- 
ly and heartily, and often flood the friend (unknown) 
of thofe who had wronged him. By fuch condudl, he 
changed fome enmities into the moft Heady and affec- 
tionate friendfhips. As an inquirer and an inventor, he 
had contentions with other claimants, and fome difputes 
about the legitimacy of his methods; as, for example, 
with Nicholas Patio Duiller, who attacked Tfchirn- 
haus’s method of tangents; and Preflet and Rolle, who 
found fault with his exprefflon of equations of the third 
degree. But thefe were all friendly debates, and never 
carried him beyond the limits of gentlemanly behaviour. 
He began to difpute with Ozanam about a quadratrix; 
but on being merely told that he was miftaken, by P. 
Souciet, he immediately acknowledged his error, and 
corredled it. 

Many original and important mathematical perform-, 
ances of Mr Von Tfchirnhaus are to be feen in the 
Leipfic A6ts, in the Memoirs of the Academy of Scien- 
ces at Paris, and other literary journals. His happy 
generalifation of Dr Barrow’s theorem for the focus of 
a (lender pencil of rays after refledlion or refradtion, and 
the theory of cauftic curves, in which this terminates, 
both conilitutes one of the mod elegant branches of 
optical fcience, and affords a rich harveft of very curi- 
ous and unexpedled geometrical truths. The manner 
in which he notices the rough way in which his firfl 
and foie miflake in this theory was pointed out, is per- 
haps incomparable as an example of gentlemanlike re- 
preheniion, and is a leffon for literati of all defcriptions, 
higly valuable on account of the foft way in which it 
falls, while it is convincing as a mathematical theorem. 

Tfchirnhaus was the difcoverer of the fubftance of 
which the celebrated Saxon porcelain is made, and of 
the manner of working it up ; by which he eftablifhed 
a manufacture highly profitable to his country, and has 
given us the finefl pottery in the world. He never 
wearied in fpreading ufeful knowledge ; and the (hops 
of our artifans of almoft all kinds were fupplied with 
books of inftrudtions and patterns, many of them writ- 
ten by Mr Von Tfchirnhaus, or under his infpec- 
tiom Ufeful books of all kinds were tranflated out of 
foreign languages at his expence. Men of genius in 
the arts were enabled, through the encouragement of 
himfelf and his friends, and often by his pecuniary af- 
fifiance, to bring their talents before the public eye. 
In fhort, he feemed at all times to prefer the public 
good to his own ; and never felt fo much pleafure as 
when he could promote fcience or the ufeful arts. He 
was as it were ilimulated to this by an innate propen- 
fity. And as he was more defirous of being than of 
appearing i\\z accomplifhed man, he was in no concern 
what notice others took of his fervices to the public. 
He even reprefents the defire of fame as hofiile to the 
improvement either of fcience or morality, in his Medi- 
cina Mentis; a. work which is acknowledged by all 
who knew him to be a picture of his own amiable 
mind. He lightly elteemed riches; and knew not what 
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ufe they were of, except for providing the neceflaries of Tfchim, 
life, and the means of acquiring knowledge. In per- haus. 
feCt conformity to this maxim, he modeftly, and with ' 
elegant refpeCt, refufed the ample prefents made him 
by his affectionate fovereign ; and when he was added 
to his cabinet council, he received the diploma, but 
begged and obtained to be free from the title. And 
when he prefented his great burning glafs to the Empe- 
ror, and got from him the dignity and infignia of Ba- 
ron of the Empire, he pleaded for leave to decline it, 
requefting to keep the chain and portrait, which he al- 
ways wore under his veft. He expended a very great 
portion of the ample revenue left him by his father in 
the fervice of his country, by promoting the ufeful arts 
and fciences. 

MrVon Tfchirnhaus venerated truth above all things; 
faying, that thofe who thought any thing compar- 
able with it were not the fons of God, but ftep chil- 
dren, and that the love of truth is the ruling affeCb'on 
in every man of a worthy heart. In a letter to an inti- 
mate friend, he faid that, by the age of five and-twenty, 
he had completely fubdued the love of glory, of riches, 
and of worldly pleafures ; and that at no time he had 
found it difficult to reprefs vanity, becaufe he w-as every- 
day confcious of having aCied worfethan he was certain 
that he might and fhould have done. He felt himfelf 
humbled in the fight of the All-perfeCl Judge. 

Nor was all this the vain boaft of a man averfe to 
bufinefs, and poffeffed of an ample fortune, which per- 
mitted him, without inconvenience, to pleafe his fancy 
in ftudy, and in helping others with what to himfelf 
was fuperfluous. Such a charaCfer, though rare, may 
exift, without being the objeCl of much refpeCt. No; 
Mr Tfchirnhaus was really a philofopher of the true 
ftoic fed, in refpeCi of fortitude of mind,' while a good 
Chriflian in modefly and diffidence. In the laft five 
years of his life he bore up under troubles, and embar- 
raffments, and misfortunes in his family, which would 
have tried the mind of Cato himfelf. g But in the midft 
of thefe ftorms be was unfhaken, and preferved his fe- 
rtnity of mind. He was even fenlible of this being a 
rare gift of Providence, and ufed frequently to expref* 
his thankfulnefs for a treafure fo precious. He felt 
deeply his relation to the Author of Nature, and re- 
joiced in thinking himfelf fubjedl to the providence of 
God. He faid that he was fully perfuaded that he 
would meet with perfect juflice, and would therefore 
flrive to perform his own part to the utmoft of his 
power, that his future condition might be the more 
happy, and that he might in the mean time enjoy more 
fatisfaftion on refiedling on his own conduft, Elis lot, 
he faid, was peculiarly fortunate : having fuch third for 
novelty, he would have been unhappy without an af- 
fluent fortune; and his own enjoyments encouraged nei- 
ther vice nor idlenefs in himfelf or in the minifters to 
his pleafures. 

Ibis amiable perfon was of a conflitution not puny, 
but not rebuff, and he had hurt it by too conffant ftu- 
dy. He feared no difeafe ; thinking that he had a 
cure or an alleviation for all but one, namely, the ftone 
and gravel. He had a dread of this, and laboured to 
find a preventative or a remedy. He thought that he 
had alfo done a great deal here ; and deferibes in his 
Medicina Corpores a preparation of whey, which he faid 

he 
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Ffchirn- h? ufed with great advantage to his health. But his 

hiius. precautions were in vain : He was attacked with the 
gravel, which, after three months fuffering, brought on 
a fuppreffion of urine. The phylicians faw that his 
end approached ; and finding him difregard their pre- 
feriptions, they quitted him. He treated him!elf (it is 
faid judicioully) for fume time,and with fome appearance 
of fuccefs; but at laft he faw death not far off. He 
di&ated a letter to his Sovereign, thanking him for all 
his favours and kindnefs, and recommended his children 
to his prote&ion. He never fretted nor complained ; 
but frequently, with gliflening eyes, exprefled his warm- 
ell thanks to Providence for the wonderful track of 
good fortune and of happintfs that he had enjoyed ; 
and faid that he alfo felt fome fatisfa&ion in the con- 
feioufnefs that fome of this was owing to his own pru- 
dent condudl. He pofTeffed his entire faculties to the 
laft moment ; and when he felt his fpirit juft about to 
depart, his laft words were, “ 'Jo triumphe—Victoria !” 
No longer able to fpeak, he made figns for what he 
wanted ; and a little after, fhutting his eyes, as if to 
deep, he gently, and without a groan, yielded up his 
fpirit, about four o’clock in the morning of the nth of 
Odlober lyoh, aged 56. 

His funeral was performed io a mariner becoming 
his rank, and the body conveyed to the family vault. 
The Ele&or (King of Poland) defrayed the expence ; 
for he would not allow his family to have any thing to 
do with the funeral of a man of fo public a chara&er, 
and fo univerfally beloved. 

The account of fuch a life as that of Baron Von 
Tfchirnhaus would, at all times, make a pleafant and 
ufeful imprefiion. In thefe our times, in the end of the 
18th century, after fociety has availed itfelf of all the 
acquiiitions in fcience and art, furnidled by that ardent 
age of the world which this gentleman contributed to 
adorn ; in an age when we boaft of illumination un- 
paralleled in biftory, and of improvements almoft amount- 
ing to perfection; and in particular, of an emancipation 
from the prejudices which had obfeured our view of the 
chief good, and ftifled public fpirit—now, when we are 
fo full of knowledge that it is running over on all hands, 
in volumes of inftrutftion, how to make the world one 
happy family ; in thefe bright days of philanthropiim, 
can the public records of Europe exhibit a fuperior 
character to that of Mr Von Tfchirnhaus, either in re- 
fpe& of wifdom or of difpoiition? Was he not a phi- 
lanthropifl, a fincere lover of mankind ? Was he not 
wife, in employing his great acquired knowledge as the 
means of direeft and active beneHcence, by limiting his 
exertions to the extent of thofe circles where his own 
efforts would be effective ? Pie did not write books, 
teaching others how to do good : he taught it try 
example ; being determined that his own wifhes to fee 
men happier fliould not fail by the want of inch wirties 
in others, even after he fhould initrudt them. He never 
allowed his infatiable curiofity for frdh difeoveries to 
interfere with the immediate turning to the good of his 
own country the knowledge he had already acquired. 
He probably never thought of improving the fituation 
of the Chinefe or the Mexicans, finding that it required 
all his ample fortune, and all the intereft and influence 
he could acquire, to do the good he wifhed in Saxony. 
We doubt not but that he was equally attentive to the 

ftill narrower circle of duties formed by his own family. Tfchirn- 
We fee that he was a dearly beloved brother ; which -p/hamie 
could hardly be without his alfo being a loving brother 1 

and a dutiful fon. The nature of the diftreffes which 
he experienced in his family, and the manner in which 
he behaved under them, fhew him to have been an emi- 
nent Chriftian moralift. With a modeity that is un- 
matched by any one of the thoufands who have poured 
out inftruftions upon us during the laft ten years, and a 
gracefulnefs which charadferifes the gentleman, his 
c/icina Mentis is offered to public notice, merely as an 
experimental proof that a certain way of thinking and 
adling is produdlive of internal quiet of mind ; of 
great mental enjoyment, both moral and intelledlual; 
and of peace, and the good will of thofe around us : 
and that it did, in fadl, produce a dutiful and comfort- 
able refignation to the unavoidable trials of human life. 
He pretends not to be greatly fupeiior in wifdom to his 
neighbours, but merely tells how things fucceeded with 
himfelf. He did not fcruple, however, to publilh to the 
world difeoveries in fcience, in which he had got the 
ftart of others during that bufy period of feientific oc- 
cupation ; and thefe dilcoveries in mathematics were 
highly prized by the firft men of the age ; nor will the 
name of Tfchirnhaus, or his cauftic curves, ever be for- 
gotten. 

We felt ourfelves obliged to the friend who took no- 
tice of the omiflion of this gentleman’s name, fo emi- 
nent in the mathematical world, in the courfe of our 
alphabet ; but when we looked into the Memoirs of 
the Academy of Paris for 1709 for fome account of 
him, what we there faw appeared fuch a continual pa- 
negyric, that we could not take it as a fair pi&ure of 
any real character. Looking about for more impartial 
information, we found in the Ada Eruditorum, Leipf. 
1709, the account of which the foregoing is an abftracf, 
except a particular or two which we have copied from 
an account in the Literary Journal of Breflaw, by Count 
Herberftein, whom we can fcarcely fufpedl of undue 
partiality, becaufe he had fome difputes with Mr Von 
Tfchirnhaus on mathematical fubje&s. May we not 
fay, “ the memory of this man is fweet!” 

TSCHAMIE, the India n name of a tree in theNorth- 
ern Circars of Hindoftan. It grows, fays Dr Rox- 
burgh, to be a pretty large tree, is a native of moft 
parts of the coaft, chiefly of low lands at a confiderable 
diftance from the fea, and may be only a variety of 
profopis fpecigera, for the thorns are in this fometimes 
wanting ; flowers during the cold and beginning of the 
hot feafons. Trunk tolerably ereft, bark deeply crack- 
ed, dirty afh colour. Branches irregular, very nume- 
rous, forming a pretty large fhady head. Priekles feat- 
tered over the fmall branches ; in fome trees wanting; 
Leaves alternate, generally bipinnate, from two to three 
inches long ; pinnae from one to four, when in pairs op- 
pofite, and have a gland between their infertions. Leaf- 
lets oppofite, from feven to ten pair, obliquely lanced, 
imooth, entire, about half an inch long, and one-fixth 
broad. Stipules none. Spikes feveral, axillary, filiform, 
nearly eretl. Brads minute, one-flowered, falling. 
Flowers numerous, fmall, yellow, Angle, approximated. 
Calyx below, five-toothed. Filaments united at the bafe. 
Anthers incumbent, a white gland on the apex of each, 
which falls off foon after the flower expands. Style 

crooked. 



Stigma fimple ^ w 
Seeds many, lodged in a brown meally fub- 
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Legume long, pendulous, not of which the five firft volumes were publifhed by him. 

ieli in 1768, under the affumed name of “ Edward 
Search, Efq.” and the four laft after his death, in 1777, 
as “ The pofthumous Work of Abraham Tucker, Efq. 
publifhed from his manufcript as intended for the prefs 
by the author.” Mr Tucker lived at Betchworth- 
caftle, near Dorking in Surrey ; an eftate which he 

Tfhutflti, crooked. 
^ ucker. inflated, 

ftance. 
* The pod of this tree is the only part ufed. It is 

about an inch in circumference, and from fix to twelve 
long ; when ripe, brown, fmooth, and contains, befides 
the feeds, a large quantity of a brown meally fubftance, 

Tucker. 

which the natives eat ; its take is fweetifh and agree- 
able ; it may therefore be compared to the Spanifh ai- 
garoba, or locuft tree. ( Ceratonia filiqua, Einn.) 

In compliance with Dr Koenig’s opinion, Dr Rox- 
burgh calls this tree a profopis ; but as he thinks the 
antheral glands give it a claim to the genus adenanthtra, 
we have retained the Indian name till its botanical claf- 
fification {hall be afccrtained by thofe who have greater 
authority in the fcience than we lay claim to. 

TSHUTSKI, a people inhabiting a country fitua- 
ted on the eaftern extremity of Aha, oppofite to the 
north weft coaft of America, and bounded by the A- 
nadyr on the fouth. The Tfhutfki nation is divided 
into two very diftintf tribes : the one is called Jialiona- 
ryy or fixed inhabitants of the coaft ; the other, Rein- 
deer, or wanderers. The former occupy fuch places as 
are convenient for fiftiing, and the chace of fea-animals, 
from the river Anadyr to a fmall diftance north of the 
eaftern promontory. The extent of their population, 
according to the beft intelligence, amounts to about 
3000 males. They are very induftrious, and are neat 
workmen ; which is evinced by their boats, lances, ar- 
rows, bows, apparel, utenfils, &c. with which they fup- 
ply the wanderers. Their female prifoners are alfo a 
great article of trade ; as they barter them for rein- 
-deer, copper and iron kettles, knives, beads, and fuch 
articles as the wanderers obtain from the Ruffian tra- 
ders. Their married women are faithful to their huf- 
bands ; but chaftity feems not to be a virtue among the 
unmarried part of the fex, who grant any favours to 
ftrangers for beads, buttons, tobacco, &c. 

The aged among the Tfhutfki are fubjeft to rheu- 
matic complaints, which they cure, or attempt to cure, 
by lighting the dried leaves of wormwood, fo prepa- 
red as to burn like tinder, and letting it remain till 
burnt out on the parts affefted. In cafes of fevere ill- 
nefs, they offer facrifices of deer to the /pints of torture; 
and fometimes a dog is killed, when the fiek are led 
round it, and anointed with its blood and fat. They 
burn their dead to allies ; lay ftones on the fpot to re- 
femble, in fome degree, the form of a man ; place a 
large ftone at the head, which they anoint with mar- 
row a d fat; and form a pile, or heap of deers horns, 
at a fmall diftance from it. This place is vilited an- 
nually by the relatives of the deceafed, who recapitulate 
the feats of their departed friend, anointing, each, the 
head-ftone, and adding a horn to the heap. The wan- 
dering tribe confider themfelves as a fuperior race of 
beings, and the moft independent of men ; and it is a 
fa£t that the Ruffians have never been able to bring 
them under their dominion. They call their more fta- 
tionary neighbours old nvomen, fit only to attend on 
them, and to guard their cattle. By Brookes the coun- 
try of the Tfhutlki is placed Long. 168. 41. W. Lat. 
66. N. 

purchafed in the early part of his life. He married the 
daughter of Edward Barker, Efq. by whom he had 
two daughters ; one of whom married Sir Henry St 
John, and died in his lifetime ; the other furvived, and 
now lives at Betchworth caftle. He loft his eycfight a 
few years before his death, which happened in 1775. 
To defcribe him as a neighbour, landlord, father, and 
magiftrate, it would be neceffary' to mention the moft 
amiable qualities in each. It is unneeeffary to add, that 
he was very fincerely regretted by all who.had the plea- 
fure of his acquaintance, and who ftood conne&ed with 
him in any of thofe relations. 

Iucker (Jofiah, D. D.), well known as a political 
and commercial writer, w as born at Langhorn in Caer- 
marthenfhire, in the year 1712. His father was a far- 
mer, and having a fmall eftate left him at or near A- 
beryftwith, in Cardiganftiire, he removed thither ; and 
perceiving that his fon had a turn for learning, he fent 
him to Ruthin fchool in Denbighfhire, where he made 
fo refpe<ftable a progrefs in the claffics, that he obtained 
an exhibition at Jefus College, Oxford. It is generally 
underftood that leveral of his journeys to and from Ox- 
ford were performed on foot, with a ftick on his {boul- 
der, and bundle at the end of it. Thus it might be 
faid by him, as by Simonides, “ Omnia mea mecum 
portodi 

At the age of 23 he entered into holy orders, and 
feived a curacy for fome time in Gloucefterftiire. About 
1737 he became curate of St Stephen’s church in Brif- 
tol, and was appointed minor-canon in the cathedral of 
that city. Here he attr?aed the notice of Dr Jofcph 
Butler, then Bifhop of Briftol, and afterwards of Dur- 
ham, who appointed Mr Tucker his domeftic chaplain. 
By the intereft of this prelate Mr Tucker obtained a 
probendal ftall in the cathedral of Briftol; and on the 
death of Mr Catcott, well known by his treatife on the 
Deluge, and a volume of excellent fermons, he became 
reCfor of St Stephen. The inhabitants of that parifti 
con lift chiefly of merchants and tradefmen ; a circum- 
itance which greatly aided his natural inclination for 
commercial and political (Indies. 

When the famous bill was brought into the Houfe 
of Commons for the naturalization of the Jews, Mr 
Tucker, confidering the meafure rather as a merchant 
or politician than as a Chriftian divine, wrote in defence 
of it with a degree of zeal which, to fay no more, was 
at lealt indecent in a man of his profeffion. As fuch it 
was viewed by his brethren of the clergy, and by his 
pai ifhioners; for, while the former attacked him in 
pamphlets, newfpapers, and magazines, the latter bilrnt 
his effigy dreffed in canonicals, together with the let- 
ters which he had written in defence of the naturaliza- 
tion. 

the year 1733 he publifhed an able pamphlet on 
t e “Turkey trade;” in which he demonftrates the 
^ XT I IO .A. 14. 4  TUCKER (Abraham), Efq; a curious and original evils that St o trade inVener 1 f th' 

thinker, was a gentleman of affluent fortune, and au- panics ^AtthisnefifdT fl0n/ C]iarterej <^rn. 
thor of « The Light of Nature purfued,” 9 vols 8vo ; Lgen't) was 

honour 
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Tucker, honour he obtained chiefly through the ftrenuous exer- which, if not di{honourable, was at leaft unconlmon. Tucker. 

—' tions of Mr Tucker, whofe influence in his large and 
wealthy pariflr was almoft decifive on fuch an occaiion. 
In return for this favour, the Earl procured for him the 
deanery of Glouceflcr, in 1758, at which time he took 
his degree of doftor in divinity. So great was his re- 
putation for commercial knowledge, that Dr Thomas 
Hayter, afterwards bifhop of London, who was then tu- 
tor to his prefent majefty, applied to Dr Tucker to 
draw up a diflertation on this fubjedl for the perufal of 
his royal pupil. It was accordingly done, and gave 
great fatisfadtion. This work, under the title of “ The 
Elements of Commerce,*’ was printed in quarto, but 
never publiflied. 

Dr Warburton, who became bifhop of Gloucefter in 
the year 1760, thinking very differently from Dr Tuck- 
er of the proper Undies of a clergyman, as well as of 
the projedl for naturalizing the Jews, faid once to a 
perfon who was praifing the Elements of Commerce, 
that “ his Dean’s trade was religion, and religion his 
trade.” This farcaim, though not perhaps groundleis, 
was certainly too fevere ; for fome of the Dean’s pub- 
lications evince him to have devoted part of his time at 
lead; to the ftudy of theology, and to have been a man 
of genuine benevolence. 

In the year 1771, when a flxong attempt was made 
to procure an abolition of fubfeription to the 39 arti- 
cles, Dr Tucker came forward as an able and moderate 
advocate of the church of England. About this time 
he publiflied “ Diredlions for Travellers in which he 
lays down excellent rules, by which gentlemen who vi- 
fit foreign countries may not only improve their own 
minds, but turn their obfervations to the benefit of their 
native country. 

The Dean was an attentive obferverof the American 
tontefl. He examined the affair with a very different 
eye from that of a party-man, or an interefted mer- 
chant ; and he difeovered, as he conceived, that both 
fides would be better off by an abfolute reparation. Mr 
Burke’s language in the Houfe of Commons, in confe- 
quence of his publifhing this opinion, was harfli, if not 
illiberal. In his famous fpeech on the American taxa- 
tion bill, April the 13th, 1774, he called the Dean of 
Gloucefter the advocate of the court fadtion, though it 
is well known that the court difapproved of the propo- 
fal as much as the oppolition. This attack roufed the 
Dean to refentment; and he publifhed a letter to Mr 
Burke ; in which he not only vindicates the purityr of 
his own principles, but retorts upon his adverfary in 
very forcible and farcaftic terms. He afterwards fup- 
ported Lord Nugent’s intereil in Briftol againft that of 
Mr Burke, and was certainly very inftrumental in ma- 
king the latter lofe his eledtion. 

When the terrors of an invafion were very prevalent 
in 1779, Dr Tucker circulated, in a variety of perio- 
dical publications, fome of the moft fenfible obierva- 
tions that were ever made on the fubjedt, in order to 
quiet the fears of the people. In lySi he publifhed, 
what he had printed long before, “ A Treatife on Ci- 
vil Government in which his principal defign is to 
counteract the dodtrines of Locke and his followers. 
The book made a conliderable noife, and was very fharp- 
ly attacked by feveral writers on the democratic fide of 
the queftion, particularly by Dr Towers and Dr Dun- 
bar of Aberdeen. This laft gentleman adted a part 

Suppl. Vol.IL Part II. 

I he Dean had thrown off thirty copies of his work —v' 
long before he publiflied it ; and thefe he fent to diffe- 
rent men of eminence, that he might avail himfelf of 
their ammadverflons before he fhould fubmit it to the 
public at large. Principal Campbell of Aberdeen re- 
ceived one copy for this purpofe ; and Dr Dunbar ha- 
ving by him been favoured with a perufal of it, inftead 
of fending his obje&ions privately to the author, pub- 
liflied fevere remarks on it in a work which he had then 
in the prefs. Thus was the anfwer to the Dean of 
Gloucefter’s Treatife on Government publiflied beToie 
that treatife itfelf; but Dr Dunbar was no match for 
Dr Tucker. 

In the year 1782 our author clofed his political ca- 
reer with a pamphlet intitled “ Cui Bono ?” in which 
he balances the profit and lofs of each of the belligerent 
powers, and recapitulates all his former pofitions on the 
lubject of war and colonial poffeflions. His publications 
Alice that period contifted of fome tradls on the com- 
mercial regulations of Ireland, on the exportation of 
woollens, and on the iron trade. In 1777 he publiflied 
feventeen pradtical fermons, in one volume odfavo. In 
the year 1778, one of his patifhioners, Mifs Pelloquin, 
a maiden lady of large fortune and moft exemplary pie- 
ty, bequeathed to the Dean her dwelling houfe in 
Queen Square, Briftol, with a very handfome legacy, 
as a teftimony of her great efteem for his worth and u- 
lents. In the year 1781 the Dean married a lady of 
the name of Crowe, who refided at Gloucefter. 

It fliould be recorded to his praife, that though en- 
jdying but very moderate preferment (for to a man of 
no paternal ellate, or other eccleliaftical dignity, the 
Deanery of Gloucefter is no very advantageous fitua- 
tron), he was notwithflanding a liberal benefadtor to fe- 
verai public inilitutions, and a diftinguiflied patron of 
merit. The celebrated John Henderfon of Pembrofee- 
college, Oxford, was fent to the univerfity, and fup- 
ported there, at the Dean’s expence, wheii he had no 
means whatever of gratifying his ardent defire for ftudy. 
We fliall mention another iuftance of generality in this 
place, which rtflcdls the greateft honour upon the Dean. 
About the year 1790 he thought of religning his rec- 
tory in Briftol, and without communicating his deligu 
to any other perfon, he applied to the Chancellor, in 
whole gift it is, for leave to quit it in favour of his cu- 
rate, a moll deferving man, with a large family. His 
Lordlhip was willing enough that he Ihould give up the 
living, but he retuft'd him the liberty of nominating his 
fucceffor. On this the Dean refolved to hold the living 
himfelt till he could find a fit opportunity to fucceed in 
his objedt. After weighing ttie matter more delibe- 
rately, he communicated his with to his parilhioners, and 
adviled them to draw up a petition to the Chancellor 
in favour of the curate. This was accordingly done, 
and ligned by all of them, without any exception, ei- 
ther on the part of the diffenters or others. The Chan- 
cellor being touched with this teftimony of love between 
a clergyman and his people, yielded at laft to the appli. 
cation ; in confequence of which the Dean cheerfully 
refigned the living to a fucceffor well qualified to tread 
in his fteps. Since that time he refided chiefly at Glou- 
celltr, viewing his approaching diffqlution with the pla- 
cid mind of a Chriftian, confcious of having done his 
duty both to God and man. He died in November 
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Tucker, 1799. The following we believe to be a tolerably cor- 

'rullP“ma' reft lift of his works. 
Theological and Controverfial.— I. A Sermon, preach- 

ed before the Governors of the Infirmary of Briftol, 
1745. 2. Letters in behalf of the Naturalization of 
the Jews. 3. Apology for the Church of England, 
1772. 4. Six Sermons, 12mo, 1773. 5. Letter to 
Dr Kippis on his Vindication of the Proteftant Dif- 
fenting minifters. 6. Two Sermons and Four Trafts. 
7. View of the Difficulties of the Trinitarian, Arian, 
and Socinian Syftems, and Seventeen Sermons, 1777. 

Political and Commercial.—8. A pamphlet on the 
Turkey Trade. 9. A brief View of the Advantages 
and L' fadvantages which attend a Trade with France. 
10. Refleftions on the Expediency of Naturalizing fo- 
reign Proteftants, and a Letter to a Friend on the fame 
Subjeft. 11. The Pleas and Arguments of the Mother 
Country and the Colonies ftated. 12. A Letter to 
Mr Burke. 13. Quere, Whether a Conneftion with, 
or Separation from, America, would be for national 
Advantage ? 14. Anfwers to Objeftions againft the 
Separation from America. 15. A Treatife on Civil 
Government. 16. Cui Bono? 17. Four Letters on 

18. Sequel to Sir William Jones on 
On the Difpute between Great Bri- 
20. Several Papers under the Signa. 
&c. on the Difficulties attendant on 

an Invafion. 21. A Treatife on Commerce (MrCoxe, 
in his Life of Sir Robert Walpole, fays that this was 
printed, but never publiffied). 

Mifcellaneous.—22. Direftions for Travellers. 23. 
Cautions againft the Ufe of Spirituous Liquors. 24. A 
Traft againft the Diverfions of Cock-fighting, &c. 

TULIPOMANIA, the very proper name given to 
a kind of gambling traffic in tulip roo!s> which prevail- 
ed in Holland and the Netherlands during fome part of 
the 17th century. It was carried on to the greateft 
extent in Amfterdam, Haerlem, Utrecht, Alkmaar, 
Leyden, Rotterdam, Hoorn, Enkhuyfen, and Meeden- 
bliek ; and rofe to the greateft height in the years 
1634, 163$, 1636, and 1637. Munting, who, in 
1696, wrote a book of 1000 pages folio on the fubjeft, 
has given a few of the moft extravagant prices, of which 
we (hall prefent the reader with the following. For a 
root of that fpecies called the Viceroy, the after men- 
tioned articles, valued as below, were agreed to be de- 
livered. 

national Subjefts. 
Government. 19. 
tain and Ireland, 
ture of Caftandra, 

2 lafts of wheat 
4 ditto rye 
4 fat oxen 
8 fat fwine 

I 2 fat Iheep 
2 hogffieads of wine 
4 tons beer 
2 ditto butter 

loco pounds of cheefe 
a complete bed 
a fuit of clothes 
a filver beaker 

Florins, 
44 8 

558 

480 
240 
120 

70 
32 

192 
120 
100 
80 
60 

Sum 2500 * A pnit is 
a fmall 

thaif a* Thefe tulips afterwards were fold according to the weight 
grain. t^ie r°ot8. Four hundred perits * of Admiral Lief- 

ken coft 44.CO florins; 446 ditto of Admiral Von der Tulipoma- 
Eyk, 1620 florins; 106 perits Schilder coft 1615 flo-, nia- 
rins ; 200 ditto Semper Auguftus, 5500 florins; 410 
ditto Viceroy, 3000 florins, &c. The fpecies Semper 
Auguftus has been often fold for 2000 florins; and it 
once happened that there were only two roots of it to 
be had, the one at Amfterdam and the other at Haer- 
lem. For a root of this fpecies, one agreed to give 
4600 florins, together with a new carriage, two grey 
horfes, and a complete harnefs. Another agreed to give 
twelve acres of land for a root: for thofe who had not 
ready money, promifed their moveable and immoveable 
goods, houfe and lands, cattle and clothes. A man, 
whofe name Munting once knew, but could not recol- 
left, won by this trade more than 60,000 florins in the 
courfe of four months. It was followed not only by 
mercantile people, but alfo by the firft noblemen, citi- 
zens of every defeription, mechanics, feamen, farmers, 
turf-diggers, chimney-fweeps, footmen, maid-fervants, 
and old clothes-women, &c. At firft, every one won 
and no one loft. Some of the pooreft people gained in 
a few months houfes, coaches, and horfes, and figured 
away like the firft charafters in the land. In every 
town fome tavern was felefted which ferved as a change, 
where high and low traded in flowers, and confirmed 
their bargains with the moft fumptuous entertainments. 
They formed law's for themfelves, and had their nota- 
ries and clerks. 

To get pofleffion of fine flowers was by no means the 
real objeft of this trade, though many have faid that it 
was, and though we have known fome individuals in 
Scotland, who, led away by what they thought the 
fafhion, have given ten guineas for a tulip root. Du- 
ring the time of the tulipomania, a fpeculator often of- 
fered and paid large fums for a root which he never re- 
ceived, and never wifhed to receive. Another fold roots 
which he never poflefled or delivered. Oft did a noble- 
man purchafe of a chimney-fweep tulips to the amount 
of 2003 florins, and fold them at the fame time to a 
farmer; and neither the nobleman, chimney-fweep, or- 
farmer, had roots in their pofleffion, or wifhed to poflefs 
them. Before the tulip feafon was over, more roots 
were fold and purchafed, befpoke, and promifed to be 
delivered, than in all probability were to be found in 
the gardens of Holland; and when Semper Auguftus 
was not to be had, which happened twice, no Ipecies 
perhaps was oftener purchafed and fold. In the fpace 
of three yrears, as Munting tells us, more than ten mil- 
lions were expended in this trade in only one town of 
Holland. 

To underftand this gambling traffic, it may be necef- 
fary to make the following fuppofition. A nobleman 
befpoke of a merchant a tulip root, to be delivered in 
fix months, at the price of loco florins. During thefe 
fix months the price of that fpecies of tulip muft have 
rifen or fallen, or remained as it was. We (hall fup- 
pofe that, at the expiration of that time, the price was 
1500 florins; in that cafe, the nobleman did not wifti 
to have the tulip, and the merchant paid him 500 flo- 
rins, which the latter loft and the former won. If the 
price wras fallen when the fix months were expired, fo 
that a root could be purchafed for 800 florins, the 
nobleman then paid to the merchant 200 florins, 
which he received as fo much gain ; but if the price 
continued the fiance, that is, 1000 florins, neither par- 

ty 
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Tulipoma- ty gained or loft. In all thefe circumftances, how- 

nia. ever, no one ever thought of delivering the roots or of 
receiving them. Henry Munting, in 1636, fold to a 
merchant at Alkmaar, a tulip root for yooo florins, 
to be delivered in fix months ; but as the price during 
that time had fallen, the merchant paid, according to 
agreement, only 10 per cent. “ So that my father 
(fays the fon) received 70a florins for nothing; but 
he would much rather have delivered the root itfelf 
for ynoo.” The term of thefe contrails was often 
much fhorter, and on that account the trade became 
bilker. In proportion as more gained by this traffic, 
more engaged in it; and thofe who had money to pay 
to one, had foon money to receive of another ; as at 
faro, one lofes upon one card, and at the fame time 
wins on another. The tulip dealers often difeounted 
fums alfo; and transferred their debts to one another ; 
fo that large fums were paid without cafh, without bills, 
and without goods, as by the Virements at Lyons. 
The whole of this trade was a game at hazard, as the 
Miffiffippi trade was afterwards, and as ftock-jobbing is 
at prefent. The only difference between the tulip trade 
and ftock-jobbing is, that at the end of the contrail the 
price in the latter is determined by the Stock Ex- 
change ; whereas in the former it was determined by 
that at which moft bargains were made. High and 
low priced kinds of tulips were procured, in order that 
both the rich and the poor might gamble with them ; 
and the roots were weighed by perils, that an imagined 
whole might be divided, and that people might not only 
have whole, but half and quarter lots. Whoever is fur- 
prifed that fuch a traffic ftioukl become general, needs 
only to refleft upon what is done where lotteries are 
eftablilhed, by which trades are often negletled, and 
even abandoned, becaufe a fpeedier mode of getting 
fortunes is pointed out to the lower claffes. 

At length, however, this trade fell all of a fudden. 
Among fuch a number of contraCls many were broken; 
many had engaged to pay more than they were able ; 
the whole ftock of the adventurers was confumed by 
the extravagance of the winners ; new adventurers no 
more engaged in it; and many becoming fenfible of the 
odious traffic in which they had been concerned, re- 
turned to their former occupations. By thefe means, 
as the value of tulips ftill fell, and never rofe, the fellers 
wiffied to deliver the roots in natura to the purchafers 
at the prices agreed on ; but as the latter had no defire 
for tulips at even fuch a low rate, they refufed to take 
them or to pay for them. To end this difpute, the 
tulip-dealers of Alkmaar fent, in the year 1637, de- 
puties to Amfterdam ; and a refolution was pafl'ed on 
the 24th of February, that all contra6ls made prior to 
the laft of November 1636 fhould be null and void; 
and that, in thofe made after that date, purchafers 
ihould be free on paying, ten per cent, to the vender. 

The more difgufted people became with this trade, 
the more did complaints increafe to the magiftrates of 
the different towns; but as the courts there would take 
no cognizance of it, the complainants applied to the 
States of Holland and Weft Friefland. Thefe referred 
the bufinefs to the determination of the provincial coun- 
cil at the Hague ; which, on the 27th of April 1637, 
declared that it would not deliver its opinion on this 
traffic until it had received more information on the fub- 
jedlj that ia the mean time every vender (hould offer 

his tulips to the purchafer; and, in cafe he refufed to Tul ponta* 
receive them, the vender (hould either keep them, or fell 
them to another, and have recourfe on the purchaler for run fol. 
any lofs he mi ^ht fuftain. It w?s ordered alfo, that all -—-v— 
contrafts fhould remain in force till farther enquiry was 
made. But as no one could forefee what judgment 
would be given refptcling the validity of each contraA, 
the buyers were more obftinate in refufing payment 
than before ; and venders, thinking it much fafer to ac- 
commodate matters amicably, were at length fatisried 
with a fmall profit inftead of exorbitant gain : and thus 
ended this extraordinary traffic, or rather gambling. 
Beckmann's Hijlory of Inventions, vol. i. 

TUMAR, in Bengal, r(nt-roll or affeffment. 
TUMBREL, is a kind of carriage with two wheels,• 

ufed either in hufbandry for dung, or in artillery to carry 
the tools of the pioneers, &c. and fometirnes likewife 
the money of an army. 

TUNGSTEN (See Chemistry, n° 178, &c. in this 
Suppl.) when well fufed, is, according to Guyton alias 
Morveau, of no higher fpecific gravity than 8.3406. 
This is very different from the fpecific gravity which 
has hitherto been affigned to it. The fame eminent 
chemift concludes, from its extreme brittlenefs and dif- 
ficulty of fufion, that it affords little promife of uti- 
lity in the arts, except in metallic alloys, or by vir- 
tue of the property which its oxyd poffefles, of affo-d- 
ing fixed colours, or giving fixity to the colours of ve- 
getables. 

TURNSOL, a dye-ftuff manufa&ured in Holland, 
the preparation of which was long kept a profound 
fecret. In order to miflead foreigners, the Dutch pre- 
tended that turnfol was made from rags dyed with the 
juice of the fun-flower (Helianthus), from which it ob- 
tained its name. Since the late revolution, however, in 
Holland, the true method employed by the Dutch for 
preparing this colour has been difeovered, and the pro- 
cefs is as follows:—That kind of lichen called orchil 
{Lichen-Rocella. See that article in this Suppl.), or, 
when that cannot be procured, the large oak-mofs, after 
being dried and cleaned, is reduced to powder, and by 
means of a kind of oil-profs the powder is forced thro* 
a brafs fieve, the holes of which are finall. The lifted 
powder is then thrown into a trough and mixed with 
an alkali called vetas, which is nothing elfe than the 
alhes of wine lees, in the proportion of half a pound of 
aihes to one pound of powder. This mixture is moift- 
cned with a little human urine, for that of other ani- 
mals contains Id's ammonia, by which a fermentation is 
produced ; and the moiftnefs is ftill kept up by the ad- 
dition of more urine. As foon as the mixture affumes 
a red colour, it is poured into another trough; is again 
moiftened with urine, and than llirred round in order 
that the fermentation may be renewed. In the courfe 
of a few days it acquires a bluilh colour, and is then 
carefully mixed with a third part of very pure pulverifed 
potalh ; after which the mixture is put into wooden 
pails, three feet in height, and about half a foot broad. 
When the third fermentation takes place, and the patte 
has acquired a ccnfiderably dark blue colour, it is mix- 
ed with chalk or pulverifed marble, and ftirred well 
round that the whole may be completely united. This 
laft fubftance gives the colour no higher quality, and is 
intended merely to add to the weight. The blue, pre- 
pared in this manner, is poured into oblong fquare iron 

5 A 2 moulds^ 
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moulds ; and the cakes, when formed, are placed upon and ftill 
hr boards on aa airy floor in order to dry, after which 
they are packed up for lale. 

TURPENTINE, a well known fubftance extra died 
from the pine. Under the aiticle Pinus (EncycL), 
we have given an account of one procefs by which this 
extraft is made ; but the following, which is taken from 
the 3 i ft volume of the 'Journal de Phyf)quey is very dif- 
ferent, and probably better. The pine from which 
turpentine is extracted, is never fit for this operation 
till it be thirty years of age. The ext-adlion is begun 
in February and continued to the end of Odober. In- 
cifions are made With an hatchet, beginning at the foot 
of the tree on one fide, and nfmg fucceffively : they are 
repeated once or twice a week, the fize about one fin- 

breadth acrofs, and three or four inches long. 

T Y P 
boiling fihd flirnng the water well with 

During the four years in which it is coruinuea, the 111- 
cifions have rifen to abbut eight or nine feet Then 
the incifiors an; begun on the other fide ; and during 
this time the old ones fill up, and may be again opened 
after fume years ; fo that a tree on a good foil, and well 
managed, may yield turpentine for a centurv. At the 
bottom of the tree, under the incifion, a hole is dug in 
the ground to receire the refin which flows from the 
tree. This refin is called tereblnthine brut, is of a milky 
colour, and is that which flows during the three fum- 
mer months; it requires further purification. 

The winter crop is called barras galipot, or white re- 
fin : it flicks to the ba> k of the tree, when the heat has 
not been itrong enough to let it flow into the trough 
in the ground. It is feraped off with iron knives. 

Two methods are praftifed for purifying thefe refins. 
That which is followed at Bayonne is to have a copper 
cauldron which will hold joolb. of materials fixed over 
a fire, and the flame circulating at the bottom of the 
copper. The turpentine is put in, melted with a gentle 
heat, and, when liquid, it is ftrained through a itraw- 
bafket made for the purpofe, and ftretched over a barrel, 
which receives the .drained turpentine. This purifica- 
tion gives it a golden colour, and may be performed at 
all times of the year. 

The fecond manner, which is pradifed only in the 
mountain of De Buch, near Bourdeaux, confifis in ha- 
ving a large tub, feven or eight feet fquare, and pierced 
with fmall holes at the bottom, fet upon another tub to 
Catch the liquor. This is expoftd to the hottefl fun 
for the whole day, filled two-thirds with turpentine, 
which as it melts falls through the holes, and leaves the 
impurities behind. This pure turpentine is lefs golden- 
coloured, and is much more efleerned than the other. 
This procefs can only be done in the fummer. 

To make oil oi turpentine, an alembic, with a worm 
like what is ufed by the diflillers, is employed here. It 
generally contains 2501b. of turpentine, which is boiled 
gently, and kept at the boiling point till no more oil 
pafles, when the fire is damped This generally gives 
bo lb. of oil, and the operation lafts one day. 

The boiling turpentine, when it will give no more 
oil, is tapped off from the ftill and flows into a tub, and 
from thence into a mold of fand, which it fills, and is 
fuffered to cool for at leaft two days without diflurbing 
it. This refidue is known under the name of colophony. 
It is ot a brown colour, and very dry. It may be made 
dearer and nearer in colour to that of the refin, by 
adding hot water to it before it is tapped off the ftill, 

which is done v/ith a befom of wet ft taw ; and it is then 
fold for rofin, but is little eiteemed, as it contains no 
effential oil. 

TUSCUE ANUM, a villa belonging to Cicero, near 
Tufculum, where he wrote his ^najliones Tufulana, 
fo named from the place ; thus become famous as well 
for the productions of genius as of nature. Formerly 
the villa of Sylla : now called Grotta Ferrata.—A- 
nother Tufculanum (ir.fci iption), a town of the Tran- 
fpadana, lituated on the weft fide of the Lacus Benatus. 
Now faid to be called Tofcolano, in the territory of 
Brefcia, fubjcdl to Venice. Here many monuments of 
antiquity are dug up. # 

1 USCUEUM (anc. geog.), a town of Latium, to 
the north of Alba ; fituated on an eminence, and there- 
fore called Supernum (Horace, Strabo). In fight of 
Rome, at about the diftance of too ftadia, or 12 miles. 
Adorned with plantations and princely edifices : The 
fpot remarkable for the goodnefs of the foil, and its 
plenty of water. Built by Telegonus, who flew his fa- 
ther Ulyffes (Ovid, Horace) ; called the grandfon of 
Ulyffts in Silius Itaiicus. A municipium (Cicero) j 
the birth-place of the elder Cato (Nepos, Cicero). Now 
Frefcati, in the Campania of Rome. 

TU I ENAG, according to Sir George Staunton, is, 
properly fpeaking, zinc extracted from a rich ore, or 
calamine. The ore is powdered and mixed with char- 
coal-duft, and placed in earthen jars over a flow fire, 
by means of which the metal rifes in the form of va- 
pour, in a common diftilling apparatus, and afterwaids 
is condenfed in water. The calamine from which tute- 
nag is thus extracted, contains very little iron, and no 
bad or arfenic, I'o common in the calamine of Europe 
(See CalamiNt, Encycl.') Hence it is that tutenag 
is more beautiful than our zinc, and that the white cop- 
per of the Chinefe takes fo fine a pohfli. See White 
Copper, in this Supplement. 

1 YERS (Thomas), an author both in poetiy and 
ptoie, the friend of Johnfon, and well known to moit 
ol the eminent charatlers of the prefent time, was a 
iludent of the Temple in 1753. His father intended 
him for the law, but the young man it Teems penned a 
fonnet when he Ihould engrofs. He was an acconv 
pliflied, but not a profound man; and had tafte and ele- 
gance of mind, flightly tinged with gleams of genius. 
He wrote fome paftorals and political trafts, which pro- 
bably will not lurvive the partiality of Ins particular 
friends. 

1 YPOGRAPHY, as the word imports, is the ait; 
of printing by types ; but it is likewife ufed to fignify 
the multiplying of copies by any mechanical contri- 
vance. Of the art of printing by types, and the many 
improvements from time to time either made orattempt- 
ed in it, a pretty full account will be found in the En- 
cyclopedia, under the titles Lettfr, Tocography, 
and I ranting ; and in this Supplement under the word 
Printing. Of typography, in the other and largw 
fenie, fome account may likewde be found in the En- 
cyxloptedta under the title Method oj Copying Writings j 
but to almoft all thefe articles there is ample room for 
fome additions here. 

The ferrotype printing of Didot and Herhcrn, being 
confidered in France as a great improvement, muff ndt 
be pafled over wholly without notice. The term 

type 

Tufcufai* 
num 

T 11 7 ypo- 
graphy,. 



T Y P r 741 ] T Y P 
Typopra- type !« derived from the Greek words and rure(, 

Phy- becaufe in this method the types are Hxed and immove- 
w”“’'v able in the form, fo that none of them can be polled 

or difplaced by the prelfman. We need hardly obferve, 
to thofe who are at all acquainted with the hillory of 
printing, that the project of foldering a whole form to- 
gether, or of calling a folid form from an imprelfion 
made by a general fyftem of types, or page ready com- 
pofed, is not new. It was realifed 70 years ago by 
Wjlliam Ged, a goldfmith in Edinburgh ; for an ac- 
count of whofe method we refer the reader to his liie 
in the Encydopetdra. Didot now follows nearly the 
fame procefs as Ged. He does not indeed call his 
types in a mafs, but after the form is compofed and 
carefully correbled, he cements or folders the types to- 
gether fo lirmly that none of them is liable to be loofen- 
ed by the adlion of the prefs or the adhelion of the 
balls. How far this method of printing is of value with 
regard to books which are altered and improved in 
every fubfequent edition, may, perhaps, be queflioned ; 
but on a loofe confideration of the fubjedl, it feems as 
if it would, in every cafe, be advantageous to a book- 
feller to print a few copies of a woik, and keep the 
types Handing to print others as they may be wanted ; 
—we fay it would be advantageous, if it were not for 
the immenfe value in types, which would, by that 
means, be locked up. To form fome judgment of this, 
it may be ilated, that the works of Virgil, printed by 
Didot, in i8mo, form a beautiful volume of 418 pages, 
of 35 lines each. The character ranges line for line 
with that called burgcois. N0 2, in Gallon’s book of 
fpecimer.s, the face of the letter being rather fmaller ; 

* La De- 3nd we are told* that the price of the plates of this 
tatfe Philofo- work is twelve hundred franks, or 50I. Herling. From 
fhiq-ji. thjs fa<5t fame judgment may be formed of the commer- 

cial queilion. We have cafually looked at different 
books printed by Didot, but can fay nothing of their 
correctnefs : the page is very pretty. 

For multiplying copies ot any writing, or of a book 
of ordinary lize, Rochon, of tire French National lu- 
ftitute, and now Direblor of the Marine Obfervatory 
at the port of Brell, invented, about the year 1781, a 
machine for engraving, with great celerity and corred- 
nefs, the pages of the book or manufeript on fo many 
plates of copper. It was lubmitted to the examination 
of a committee of the Royal Academy of Sciences, 
whofe report of its utility was given in the following 
words : 

“ This machine appears ft> us to unite feveral advan- 
tages. Engraved editions of books may be execu- 
ted, by this means, fuperior to thofe which can be made 
by the hand of the engraver, however Ikiliul ; and thefe 
engraved originals will be made with much more fpeed, 
and much lefs expence. 2*/, As this machine is portable, 
and ot no confiderable bulk, it may become very ufeful 
in armies, fleets, and public offices, for the impreffion 
of orders, inltru&ious, &c. yl, it polfeffes the advan- 
tage which, in a variety of circumftances, is highly va- 
luable, of being capable of being ufed by any man of 
intelligence and Ikill, wnthout requiring the affillance 
of any prafeffional workman. And, IqJUy, It affords 
the facility of waiting for the entire compofition and 
engravings of a work before any of the copies are pull- 
ed off; the txpence of plates, even for a work of con- 
fiderable magnitude., being an objcdl of little charge j 

and this liberty it affords to authors, may prove highly 
beneficial in works of wffiich the chief merit confifts in 
the order, method, and connexion of ideas.” 

Rochon’s machine confifts of two brafs wheels*, pla- 
ced on the fame axis above each other, and feparat&i 
by a number of pillars, each two inches in length. 
I hefe two wheels, with the interval which feparates 
them, are equivalent to a Angle wheel about three inches 
thick. In order therefore to Amplify the defeription, 
they are conlidered as a Angle wheel which moves freely 
on its axis. 

This wheel is perforated near its circumference with 
a number of fquare holes, which are the Iheaths or 
lockets through which a like number of Heel punches, of 
the fame lhape, are inferted, and are capable of moving 
up and down. They are very well fitted ; and from thin 
circumitance, as well as the thicknefs of the double 
wheel, they have no lhake, or fide motion, independent 
of the motion of the wheel itfelf. Every punch is urged 
upwards by a feparate fpring, in fuch a manner, that 
the wheel armed with its charadlers, or Heel types, (the 
lower faces of the punches being cut into the figures 
of the feveral letters), may turn freely on its axis ; and 
if it be moved, the feveral punches will pafs in fuccef- 
fion beneath an upright ferew, for preflure. The ferew 
is fixed in a very firm and folid frame, attached to the 
fupports of the machine ; and by this arrangement a 
copperplate, difpofed on the table, or bed of the appa- 
ratus, will receive the impreffion of all the punches in 
fuecellion, as they may be brought beneath the vertical 
preffing ferew, and fubjedled to its adlion. 

But as the prel's is fixed, it would neceffarily follow 
that each lucceffive impreffion would, in part, deftroy 
or mutulate the previous impreffions, unlefs the plate it- 
felf were moveable. It therefore becomes neceflary 
that the plate Ihould be moveable in two diredtions : 
the firll, to determine the interval between the letters 
and w’ords, and form the lines ; and the other motion, 
which is more Ample, becaule its quantity may remain 
the fame through the whole of a book, ferves to give 
the interval between line and line, and to form the 
pages. 

It will eaiily be conceived that it would'be a tedious 
operation to feek, upon the circumference of the wheel, 
each feveral charadler, as it might be required to come 
beneath the prefs, becaufe it is neceffary to repeat this 
operation as many times as there are characters in a 
work. The author has confiderably diminilhed the 
time and trouble of this operation, by fixing upon the 
axis of the great wheel, which carries the punches, an- 
other fmall wheel, about four inches in diameter, the 
teeth of which adl upon a tack, which carries a rule 
moving between two Aiders. This rule, or ft might lino, 
will therefore repreient the developement, or unfolding 
of the circumference of the wheel which caufes it to 
move, and will Ihew the pofition of the great wheel, 
which carries the punches. For thefe two wheels be- 
ing contentric, the developement of the fmall toothed 
wheel, of about two inches radius, will exhibit, in a 
fmall fpace (for example, that of a foot), an accurate 
regilter of the relative pofitions of the punchos with re- 
gard to the preffing-ferew. To obtain this effect, no- 
thing more is necelfary than to place a fixed index op- 
pofite to the moveable rule, which laft is divided in the 
following manner; 
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The punch on which the firft letter of the alphabet 

is engraved, muft be brought under the centre of the 
preffing-fcrew ; and a line of divifion then drawn upon 
the moveable rule, to which the letter itfelf muft be 
added to diftinguifti it. The index, already mentioned, 
being placed oppolite, and upon this firft divifion, will 
ferve to place immediately beneath the prefling-ferew 
the punch, or rather the character, correfponding with 
the divifion upon the rule, without its being afterwards 
neceflary to infpeCl the place either of the punch or the 
ferew, with regard to each other. Confequently, as 
foon as the divifions which currefpond with all the 
punches inferted in the wheel are engraved upon the 
ftraight rule, the fixed index will immediately determine 
the pofition into which that wheel muft be brought, in 
order to place the punches under the preffing-fcrew in 
the order which the work may require. 

This regifter, for this name diftinguifhes the rule 
and its index, has no other function in the machine than 
to guide the hand of the operator, and to (hew when 
the punch is very near its proper pofition beneath the 
preffing-fcrew. When this is the cafe, the required 
pofition is accurately obtained by means of a detent or 
catch. 

The detent which he ufes for this operation is a lever 
with two tails, one of which is urged toward the cir- 
cumference of the wheel by a fpring. To this extre- 
mity of the lever is fixed a piece of hardened fteel, of 
the figure of a wedge, which, by means of a fpring, is 
prefled towards the axis of the great wheel, but may be 
relieved, or drawn back, by preflure on the oppolite tail 
of the lever, fo as to permit the great wheel to revolve 
at liberty. 

In the next place, it muft be explained how this de- 
tent takes hold of the wheel, fo as to retain it precifely 
in the fituation neceflary to caufe any one of the punches, 
at pleafure, to give its impreffion to the plate. For 
this purpofe there are a number of notches cut in the 
circumference of the wheel, for the purpofe of receiving 
the detent. Thefe notches may be about half an inch 
deep, wider towards the circumference than elfewhere, 
and it will be of advantage that this outer width Ihouhl 
be as great as the circumference of the wheel can con- 
veniently allow. By this contrivance, the wedge will 
not fail to prefent itfelf oppofite to one of the notches 
into which it wn'Il fall, and draw the wheel exactly to 
its due fituation, even though the index of the regifter 
fhould not be brought precifely to the line of divifion 
appropriated to any particular letter. For if this laft 
degree of precifion were required in working the ma- 
chine, it would be very prejudicial to the requifite fpeed 
which, above all things, is required in its ufe. When 
the wedge is therefore left at liberty, it not only enters 
immediately into its place, and moves the wheel till its 
two fides apply fairly to the interior furfaces of the 
notch, but retains the wheel in this ftate with the necef- 
fary degree of liability. 

The method of giving the proper figure to thefe 
notches is very eafy. For this purpofe it is neceflary, 
in the firft place, to imprefs all the chara&ers contained 
in the wheel on a plate of copper or pewter. The fup- 
port on which the plate is fixed muft be moved in a 
right line, after each ftroke of the punch, through fuch 
a ipace that the charafters may be arranged one after 
the other without touching. Now, as the perfedl li- 
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near arrangement (fuppofing every other part to he ^yp0^** 
true) muft depend on the notches, it might feem fuffi- 
cient to cut thefe according to the method ufed for the 
wheels of clock w'ork : but as it is very difficult to avoid 
fome obliquity on the face of the punch, and perhaps 
in the hole through which it pafles, it is in almoft every 
cafe neceflary to retouch the notch itfelf. The requi- 
fite degree of precifion may be eafily obtained, when, 
upon examining with attention the print of the cha- 
racters engraven upon the plate, the inequalities fliall 
have been afeertained by a very fine line pairing exaClly 
under the bafe of two fimilar letters, aflumed as objeCls 
of comparifon : for the irregularity of linear pofition 
may, by this means, be determined with great exaft- 
ntfs, and remedied to the mod extreme nicety. In this 
operation, the workman muft file away part of that 
furface of the notch which is oppofite to the dire&ion 
of the motion the charaCler requires. Great care muft 
be taken to file only a fmall portion at a time, in order 
that the inftant may be feized at wdiich the wedge, by 
entering into the notch, brings the character to its due 
fituation. 

Thefe details, refpeCting the right-lined arrangement 
on the characters, mull not divert our attention from 
the very great celerity with which any letter is brought 
to its place under the prefs by means of the regifter 
and detent. This celerity is an objeCt of fo much im- 
portance in the engraving of a great work, that every 
means ought to be purfued which may tend to increafe 
it. For this reafon it is, that inftead of following the 
alphabetic order in the arrangement of punches on the 
furface of the wheel, we ought to prefer that in which 
the fum of the different motions to be given to the 
wheel, for engraving an entire work, fliall be the leaft 
poftibie. This tedious enquiry may well be difpenfed 
with, by obferving the order in which printers difpofc 
their cafes of characters, that the letters of the molt fre- 
quent recurrence may be molt immediately under the 
hand of the workman. 

If all the characters afforded an equal refiftance to 
impreffion in a plate of metal, a conftant force would 
never fail to drive the punches to the fame depth. But 
the faces of the letters are very unequal, and confe- 
quently it will be neceffary to ufe a variable force. 
Molt workmen ufe the hammer, and not a ferew, as in 
this machine, for (tamping. If the hammer had been 
ufed in this machine, it is evident, that if we fuppofed 
it to have fallen from the fame height upon every one 
of the punches, the force of the ftroke could be ren- 
dered variable according to the nature of the characters, 
by placing a capital, or head, upon each, of an height 
properly adjufted to receive the hammer after paffing 
through a greater or lefs (pace. But the heads of our 
punches are variable at plealure, becaufe they are ferew* 
ed on ; and thus it is that, by experimentally adjufting 
the heads of all the punches, a fet of impreffions are ob- 
tained of equal depths from every one of them. When, 
for example, the letter i is placed under the hammer, 
the upper part of its head is at a fmall diftance from the 
head of the hammer, in order that its fall, which begins 
always at the fame place, may ftrike this letter weakly ; 
but w’hen the letter M is brought under the hammer, 
the upper part of its head being much lefs elevated than 
that of the letter will receive a much ftronger blow. 
T. he impreffions of the letters M and i will therefore a). 

ways 







Typogra- 
phy. 

T Y P T 743 1 
ways be equally deep, if the heads of the punches be forms 

, once properly fixed by experiment. 
Inftead of the ftroke of a hammer, however, our au- 

thor makes ufe of the prefiure of a fcrew, of which the 
threads are fo inclined that it runs through its female 
foeket, and would fall out merely by its own weight. 
This conftruftion affords the double advantage of pre- 
ferving the impreffions from the effe&s of the circular 
motion, and of affording a fall in the fcrew of nearly 
nine lines for each revolution. The head of this fcrew 
is folidly fixed in the centre of a brafs wheel, of which 
the pofition is horizontal. The diameter of this wheel 
muff be fuffieiently large, that its motion may not be 
perceptibly affe&ed by the irregularities of fridlion in 
the fcrew. This confiderable diameter is alfo requifite, 
becaufe the preffure of the fcrew depends, not only up- 
on the force which is applied, but the diffance of the 
place of application from the centre of movement. 

It is effential that this wheel fiiould have very little 
fnake ; for which reafon it is advifable that the axis of 
the fcrew ffiould be prolonged above the wheel itfelf, 
that it may Aide in a focket firmly fixed to the frame 
of the machine. In this fituation, the w'heel, which is 
fixed on the prolongation of the fcrew, wdll have its 
plane conftantly preferved in a fituation parallel to it- 
felf, without any libration, notwithftanding the rife and 
fall of near nine lines, or three quarters of an inch, 
which it undergoes for each revolution on its axis. 

It has been ftated, as a requifite condition, that the 
fcrew fliould conftantly fall from the fame fixed point, 
or elevation, upon the heads of every one of the punch- 
es. To accomplifh this effential purpofe, a lever is 
firmly fixed to the fupport of the fcrew ; which lever re- 
fembles the beam of a balance, having one of its extre- 
mities armed wuth a claw, and the other ferving to give 
it motion through a fmall verticle fpace. The claw 
falls into a notch in the upper furface of the wheel at- 
tached to the fcrew, as foon as that wheel has rifen to 
the defired elevation ; and the lever itfelf is fo far limit- 
ed in its motion, that it cannot take hold of the wheel, 
excepting when it has reached that height. The wheel, 
therefore, remains confined and immoveable, by means 
of this detent, and cannot defeend until it is delivered 
by preffure upon the oppofite tail of the lever. In this 
machine, the wheel which has the prefting fcrew for its 
axis does not perform an entire revolution. It was 
with a view that there might never be any fall capable 
of fiiaking and difturbing the machine that the author 
determined to ufe only two-thirds of a revolution to 
ftrike thofe punches, w-hich afford the ftrongeft refift- 
ance. The fcrew confequently falls only through fix 
lines upon thofe heads which are lead, elevated, and 
about two lines upon thofe w-hich ftand higheft. Whence 
the difference between the extreme heights does not ex- 
ceed four lines. 

It is obvious, that fo fmall a difference is not fuffi- 
cient to ftrike all the chara&ers from M to the letter;, 
when the wheel which governs the fcrew is put in mo- 
tion by a conftant weight, of which the impulfe, like 
that of a hammer, is increafed only by the acceleration 
of its fall. It is evident that this requifite variation of 
force might be had by changing the weight; but it is 
equally clear, that the numberlefs and inceffant changes 
which the engraving of an entire work would demand, 
would be incompatible with that degree of fpeed which 
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one of the firft requifites. He was therefore T/i ogra- 

obliged to render the force of the weight, which turns t 
the fcrew, variable, by caufing it to a£k upon levers of 
greater or lefs lengths, according to the different quan- 
tities of impulfe required by the feveral punches. For 
this purpofe he adopted the following conftru&ion : 
He conne&ed by a fteel chain to the wheel, which moves 
the fcrew, another wheel, having its axis horizontal, fo 
that the two wheels refpe&ively command each other. 
They are of equal diameter, and the chain is no longer 
than to make an entire turn round each wheel. This 
fecond wheel, or leading pulley, is intended to afford 
the requifite variations of force, which it does by means 
of a fnail fixed upon its axis. The fnail is ailed upon 
by a cord paffing over its fpiral circumference, or 
groove, and bearing a weight which is only to be chan- 
ged when a new fet of punches for charailers of a dif- 
ferent fize are put into the great wheel. The fpiral is 
fo formed, that when the weight defeends only through 
a fmall fpace, the part of the cord, which is unwound, 
ails at a very ftiort diftance from the centre of the pul- 
ley ; but when the fall is greater, the part of the fnail 
upon which it ails is fo far enlarged as to afford a much 
longer lever, and eonfequently, to give a proportional- 
ly greater effeil to the ftroke. This conftruilion, there- 
fore, by giving the advantageof a longer lever toa greater 
fall of the fcrew, affords all the power which the nature 
of the work, andthedifferent fpacesof the lettersdemand. 

The fupport on which the plate is fixed muft, as has 
before been remarked, move fo as to form ftxait lines. 
This motion, which ferves to fpace the different cha- 
railers with precifion, is obtained by means of a fcrew, 
the axis of which remains fixed, and carries a female 
fcrew or nut. The nut itfelf is attached to the fup- 
port of the metallic plate, which receives the letters, 
and carries it in the right lined diredlion without any 
deviation ; becaufe it is confined in a groove formed be- 
tween two pieces of metal. The fcrew is moved by a 
lever, which can turn it in one direction only, becaufe 
it a£ls by a click upon a ratchet-wheel, which is fixed to 
the head of the fcrew. The adlionof this lever always 
begins from a fixed ftop ; but the fpace through which 
it moves is variable, according to the refpedlive breadths 
of the letters. This new confideration induced M. Ro- 
chon to fix upon the rule or plate of the regiiler, a 
number of pins, correfponding with the different divi- 
fions which anfwer to each punch : thefe pins deter- 
mine the diftance to which the lever can move. It there- 
fore becomes a condition, that its pofition in the ma- 
chine ftiould be oppofite to the fixed index which de- 
termines the charafter at any time beneath the prefiing- 
ferew. The lever and its pin are therefore the foie agents 
employed to fpace the charafters. If the plate were not 
moved by the lever, the impreffions would fall upon 
each other ; and thus, for example, the letter i would 
be totally obliterated by the imprelfion of the letter /. 

Whenever, therefore, it is required to difpofe the let- 
ters t and / befide each other, the plate muft be moved 
after ftriking the letter i through a fpace equal to the 
quantity of the defired operation. Suppofe this to be 
one-fourth of a line, and that the lever ftiould run 
through an arc of ten degrees to move the plate thro* 
this quantity ; as foon as the pin of the letter / fhall be 
adjufted to the neceffary length to enable the lever to 
deferibe an arc of ten degrees, the operation of fpacing 
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t!ie two letters i and / will be reduced to that of pla- 
cing the lafl letter beneath the fixed index, and moving 
the plate till the lever (hall be {topped by the pin be- 
longing to the letter /. All the other letters will be 
equally {paced, if the difpofition of the punches in the 
wheel be fuch, that the laft ftroke of any letter {hall 
confound itfelf with any letter of a fingle ftroke, fup- 
pofing them to be rmpreffed one after the other, with- 
out moving the lever between ftroke and ftroke. This 
arrangement deferves to be very ferioufly attended to, 
becaufe the procefs could not be performed without it. 

Many well-informed perfons are of opinion, that the 
perfed equality which this machine for engraving af- 
fords in the formation of letters and figns the moft dif- 
ficult to be imitated, may afford a means of remedying 
the dangers of forgery. It is certain that the perform- 
ance exhibits a fimple and ftriking character of preci- 
flon, which is fuch, that the leaft experienced eyes 
might flatter themfelves, in certain cafes, to diftinguilh 
counterfeits from originals. Lavoifier, whom the friends 
of fcience and the arts will not ceafe to regret, made 
fome experiments of this kind for the caijfe de'fcompte, 
which were attended with perfed fuccefs. Artifts ap- 
pointed for that purpofe endeavoured in vain to imitate 
a vignette, formed by the fucCeflive and equal motion 
of a charader of ornament. 

TYRTjEUS, an Athenian general and mufician, is 
celebrated by all antiquity for the compofition of mili- 
tary fongs and airs, as well as the performance of them. 
He was called to the afiiftance of the Lacedaemomans 
in the fecond w^r with the Meffenians, about 685 B. 
C. ; and a memorable vidory which they obtained over 
that people is attributed by the ancient fcholiafts upon 
Horace to the animating found of a new military flute 
or clarion, invented and played upon by Tyrtams. Plu- 
tarch tells us that they gave him the freedom of their 
city ; and that his military airs were conftantly fung 
and played in the Spartan army to the laft hour of the 
republic. And Lycurgus the orator, in his oration 
again ft Leocrates, fays, <* The Spartans made a law, 
that whenever they were in arms, and going out upon 
any military expedition, they fliould all be firft fummon- 
ed to the king’s tent to hear the fongs of Tyrtams 
thinking it the beft means of fending them forth in a 
difpofition to die with pleafure for their country. Frag- 
ments of his peotry, in elegiac verfe, are prelerved in 
Stobaeus, Lycurgus Orat. in Fulvius Urfinus, at the 
end of Poems by illuftrious Women ; and in the Ox- 
ford edition of Eleg, Lyric Frag. & Scholia, print- 
ed 1759. r s 

TYTLER (William, Efq;), fo well known in the 
literary world as one of the ableft, and certainly the 
moft gentlemanly, of the defenders of the fame of Mary 
Queen of Scots, was born at Edinburgh, Oftober 12. 
17 11. He was the fon of Mr Alexander Tytler, wri- 

EdinburSh> b7 Jane, daughter of Mr William Leflie, merchant in Aberdeen, and grand- 
daughter of Sir Patrick Leflie of Idan, provoft of that 
city. He received his education at the grammar fchool 
(or, as it is there called, the High School) and the uni- 
verhty of his native city, and diftinguiftied himfelf by 
an early proficiency in thofe claffical ftudies, which, to 
the fat eft period of his life, were the occupation of his 
kifure hours, and a principal fourcc of his mental en- 
joyments. 

] T Y T 
In the year 1731, he attended the academical lec- 

tures of Mr Alexander Bayne, Profeflbr of municipal 
law in the univerfity of Edinburgh, a gentleman diftin- 
guiflied alike for his profeffional knowledge, his literary 
accomplishments, and the elegance of his tafte. The 
Profeffoi found in his pupil a congenial fpirit; and their 
connection, rotwithftanding the difpanty of their years, 
was foon ripened into all the intimacy of the ftri&eft 
friendfhip. So ftrong indeed became at length that tie 
of affeCIion, that the worthy Profeffor, in his latter 
years, not only made him the companion of his ftudies, 
but when at length the vidfirn of a lingering difeafe, 
chofe him as the comforter of thofe many painful and 
melancholy hours which preceded his death. 

At the age of 31, Mr Tytler was admitted into the 
Society of Writers to his Majefty’s Signet, and conti- 
nued the practice of that profefiion with very good fuc- 
cefs, and with equal refpeCt from his clients and the 
public, till his death, which happened on the 12th of 
September I792, He married, in September 1745, 
Anne Craig, daughter of Mr James Craig of Dalnair, 
writer to the fignet, by whom he has left two fons, A- 
lexander Frafer Tytler, one of the Lords of Seffien in 
Scotland ; and Patrick TL ytler, Lieutenant-colonel of 
a regiment of fencible infantry, and Fort-major of the 
caftle of Stirling; together with one daughter, Mif» 
Chriftina Tytler. His wife died about nine years be- 
fore him ; and, previoufly to that period, he had loft a 
fon and a daughter, both grown to maturity. 

The moft remarkable feature of Mr Tytler’s charac- 
ter was an ardour and aCh'vity of mind, prompted al- 
ways by a ftrong fenfe of reCtitude and honour. He felt 
with equal warmth the love of virtue and the hatred of 
vice ; he was not apt to difguife either feeling, nor to 
compromiie, as fome men more complying with the 
world might have done, with the fafhion of the time, 
or the difpofition of thofe around him. He ftldom 
waved an argument on any topic of hiftory, of politics, 
or literature ; he never retreated from one on any fub- 
jeCl that touched thofe more important points on which 
he had formed a decided opinion. Decided opinions 
he always formed on fubjeCfs of importance ; for on 
Inch lubjeCfs he formed no opinions raflily ; and what 
he firmly believed he avowed with confidence, and fome- 
times with warmth. 
- Nor was it in opinion or argument only that this 
warmth and ardour of mind were confpicuous. They 
prompted him equally in aCtion aud conduCf. His af- 
te&ion to his family, his attachment to his friends and 
companions, his compaffion for the unfortunate, were 
alike warm and adfive. He was in fentiment alio what 
John fon (who felt it ftrongly in himfelf, and mentions 
it as the encomium of one of his friends) calls z good 
hater; but his hatred or reientment went no further 
than opinion or words, his better affedions only rofe 
into adion. In his opinions, or in his expreffion of 
them, there was fometimes a vehemence, an appearance 
o acrimony, which his friends might regret, and which 
ftrangers might cenfure; but he had no afperity in his 
mind to influence his adual con,dud in life. Fie in- 
dulged oppofition, not enmity ; and the world was juft 
to him in return. He had opponents ; but two of his 
biographers, who knew him well, as well as the people 
with whom he moft affociated, declare their belief that 
ne had not a fingle enemy. His contefts were on opi- 

nions, 

Tytler, 
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Tytler. mens, not on things; his difputes were hiilorical and 
■—v ■" 1 literary. In converfation, he carried on thefe with un- 

common intereft and vivacity ; and the fame kind of 
impulfe which prompted his converfation (as is juftly 
obferved by an author, who publifhed feme notices of 
his life and clvara£ter in the periodical work intitled 
The Bee) induced him to become an author. He wrote 
not from vanity or vain g^ory, which Rouifean holds to 
be the only inducement to writing ; he wrote to open 
his mind upon paper ; to fpeak to the public thofe opi- 
nions which he had often fpoken in private ; opinions 
on the truth of which he had firmly made up his own 
convidtion, and was fometimes furprifed that he could 
not convince others : it was fair to try, if, by a fuller ex- 
pofition of his arguments, he could convince the world. 

With this view, he publifhed, in 17^9, his “ Inqui- 
ry, hiitorical and critical, into the Evidence againfl 
Mary Queen of Scots, and an Examination of the Hi- 
ftories of Dr Robertfon and Mr Hume with refpedt to 
that Evidence in which he warmly efpoufed the 
caufe of that unfortunate Princefs, attacked with feve- 
rity the conduct of her enemies, and expofed the fallacy, 
in many parts the fabrication, of thofe proofs on which 
the charges again ft her had been founded. 

This was a caufe worthy of an advocate who loved 
truth better than popular applaufe ; and Mr Tytler e- 
vinced himfelf to be fuch an advocate. The problem 
of Mary’s guilt or innocence, if conlidered merely as a 
detached hillorical fadt, would appear an objedt which, 
at this diftance of time, feems hardly to merit that la- 
borious and earneft inveftigation to which it has given 
rife ; though, even in this point of view, the mind is 
naturally ftimulated to fearch out the truth of a dark 
myiterious event, difgraceful to human nature ; and our 
feelings of jultice and moral redlitude are interefted to 
fix the guilt upon its true authors. But when we con- 
fider that this queftion involves a difeuffion of the poli- 
tics of both England and Scotland during one of the 
moft interefting periods of their hiftory, and touches 
the charadters, not only of the two fovereigns, but of 
their minifters and ilatefmen, it mull then be regarded 
in the light of a moft important hiftorieal inquiry, with- 
out which our knowledge of the hiftory of our own 
country mult be obfeure, confufed, and unfatisfadtory. 
In addition to thefe motives of inquiry, this queftion 
has exercifed feme of the ablelt heads both of earlier 
and of later times ; and it is no mean pleafure to en- 
gage in a conteft of genius and of talents, and to try 
our ftrength in the deciiion of a controverfy which has 
been maintained on both fides with confummate ability. 

As we have elfewhere (fee Mary, Encycl.) given an 
abftradi of the arguments on both lades of this difputed 
queftion, it would be altogether improper to repeat 
them here ; but juftice to the iubjedl of this memoir re- 
quires us to fay, that by his manner of difculfing it he 
acquired high reputation in the republic of letters. Be- 
fore the appearance of the inquiry, fays an ingenious 
writer, it was the fafhion for literary difputants to at- 
tack each other like mifereantr and banditti. The 
perfon was never feparated from the catife; and what- 
ever attached the one, was conlidered as equally affedt- 
ing the other ; fo that feurrility and abufe blotted the 
pages even of a Bentley and a Ruddiman. The Hifto- 
rical Inquiry was free from every thing of that fort : 
and though the higheft name produced not a mitiga- 
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tion of the force of any argument, the meaneft never Tytler. 
fuffered the fmalleft abufe. He confidered it as being v—■ 
greatly beneath the dignity of a man contending for 
truth, to overftretch even an argument in the fmalleft 
degree, far more to pervert a faeft to anfwer his purpofe 
on any occalion. In the courfe of his argument, he 
had too often occafion to Ihew that this had been done 
by others; but he difdained to imitate them. His reafon- 
ing was forcible and elegant ; impartially fevere, but al- 
ways polite, and becoming thegentleman andthe fcholar. 

When this book appeared, it was univerfally read in 
Britain, and very well t ran Hated into French, under the 
title of “ Recherches Hiitoriques et Critiques fur les 
Principales Preuves de 1’Accufation intentee contre Ma- 
rie Reine d’Ecolfe.” The intereft it excited among 
literary men may be judged of from the charadler of 
thofe by whom it was reviewed on its publication, 
in the periodical works of the time. Dr Douglas, 
now Bifhop of Salifbury, Dr Samuel Johnfon, Dr John 
Campbell, and Dr Smollet—all wrote reviews of Mr 
Tytler’s book, containing very particular accounts of 
its merits, and elaborate analyfes of the chain of its 
arguments. As an argument on evidence, no fuffrage 
could perhaps be more decifive of its merit than that 
of one of the greeted lawyers, and indeed one of the 
ableft men that ever fat on the woolfack of England, 
the late Lord Chancellor Hardwicke, who declared 
Mr Tytler’s Inquiry to be the beft concatenation of 
circumilantiate proofs brought to bear upon one point 
that he had ever perufed. What effeft that body of 
evidence, or the arguments deduced from it, ought to 
have upon the minds of thofe to whom the fubjeift may- 
become matter of inveftigation, we do not prefume to 
determine. The opinion of the late Dr Henry, au- 
thor of the Hiftory of Great Britain on a New Plan, 
may perhaps be thought neither partial nor confident. 
He fays, in a letter to Mr Tytler, publilhed in the firft 
volume of Tranfattions of the Antiquarian Society of 
Scotland, That he would be a bold man who fhould 
n.ow publifti an Hiftory of Queen Mary in the fame ftrain 
with the two hiftorians (Mr Hume and Dr Robertfon), 
whofe opinions on the fubjedl the Inquiry had exami- 
ned and controverted. 

The moft exceptionable part of Mary’s conduct, 
which, though it may admit of an apology, cannot be 
vindicated, is her marriage to Bothwell ; and for that 
marriage Mr Tytler made an apology, founded on faifts, 
which he would be a daring or very bigotted man who 
would attempt to controvert. See the article already 
referred to. 

Befides the Hi/lorical Inquiry, and the Dijfertation on 
the Marriage of Queen Mary loiih the Earl of Both well, 
our author publifhed feveral other works on hiftori- 
cal and literary fubje&s ; of which the firft was, the 
Poetical remains of 'James /. King of Scotland, confift- 
ing of the King's- Quier, in fix cantos, and Ghr'ijl's Kirk 
on the Green ; to which is prefixed a diflertation on the 
Life and Writings of King James, in one volume 8vo, 
printed at Edinburgh in 1 783. This differtation forms 
a valuable morfel of the literary hiftory of Europe ; for 
James ranked ftill higher in the literary world as npoet, 
than in the political world as a pritice. Great juf- 
tice is done to his memory in both refpe&s in this dif- 
fertation : and the two morfels of poetry here refeued 
from oblivion will be efteemed by men of tafte as long 
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Tytler. as the language in which they are written can be un- 

" derflood (a). 
2. “ A diflertation on Scottifh Mufic,” firft Tub- 

joined to Arnot’s hiftory of Edinburgh. The Timple 
melodies of Scotland have been long the delight of the 
natives, many of which, to them, convey an idea of pa- 
thos that can be equalled by none other ; and are much 
admired by every ftranger of mufical talents who has 
vifited this country. They have a powerful effedf, in- 
deed, when properly introduced, as a relief, into a mu- 
fical compofition of complicated harmony. Thefe are 
of two kinds, pathetic and humorous. Thofe who 
wifh to receive information concerning this curious fub- 
jeft, will derive much fatisfadfion from the perufal of 
th is diflertation. There is yet another kind of mufic 
peculiar to the Highlands of Scotland, cjf a more wild, 
irregular, and animating {train, which is but {lightly 
treated here, and requires to be {till more fully elucidated. 

3. “ Obfervations on the Vifion, a poem,'* firft pub- 
liflied in Ramfay’s Evergreen, now alfo printed in the 
Tranfadtiors of the Society of Antiquaries of Scotland. 
This may be confidered as a part of the literary hiftory 
of Scotland. 

4. “ On the Fafhionable Amufements in Edinburgh 
during the laft century,” ibid. It is unneceflary to 
dwell on the light that fuch diflertations as thefe, when 
judicioufiy executed, throw upon the hiftory of civil fo- 
eiety and the progrefs of manners. Mr Tytler was 
like wife the author of N° 16. of the Lounger, a week- 
ly paper, publifhed at Edinburgh in the year 1786. 
His fubjedt is the Defedts of Modern Female Educa- 
tion in teaching the Duties of a Wife j and he treats 
that fubjedt like a mailer. 

On all Mr Tytler’s compolitions the charadler of the 
man is ftrongly impreffed, which never, as in fome o- 
ther inftances, is in the fmalleft degree contradidted by, 
or at variance with, the charadler of the author. He 
wrote w'hat he felt, on fubjedls which he felt, on fub- 
jedls relating to his native country, to the arts which 
he loved, to the times which he revered. His heart, 
indeed, was in every thing which he wrote, or faid, or 
did. He had, as his family and friends could warmly 
atteft, all the kindnefs of benevolence : be had its anger 
too ; for benevolence is often the parent of anger. There 
was nothing neutral or indifferent about Mr Tytler. 
In philofophy and in hiftory, he could not bear the 
coldnefs, or what fome might call the temperance of 
fcepticifm ; and what he firmly believed, it was his dif- 
pofition keenly to urge. 

His mind was ftrongly impreffed by fentiments of re- 
ligion. His piety was fervent and habitual. He be- 
lieved in the dodlrine of a particular Providence, fuper- 

intending all the adlions of individuals as well as the' Tytlcr. 
great operations of Nature : he had a conftant impref- —■■—v”—* 
fion of the power, the wifdom, and the benevolence of 
the Supreme Being ; and he embraced, with thorough 
convidlion, the truths of Chriftianity. 

His reading was various and extenfive. There was 
fcarcely a fubjett of literature or tafte, and few even of 
fcience, that had not at times engaged his attention. 
In hiftory he was deeply verfed ; and what he had read 
his ftrong retentive memory enabled him eafilv to re- 
cal. Ancient as well as modern ftory was familiar to 
him ; and, in particular, the Britiftt hiftory, which he 
had read with the moft minute and critical attention. 
Of this, befides what he has given to the public, a great 
number of notes, which he left in MS. touching many 
controverted points in Englilh and Scottiftr hiftory, af- 
ford the moft ample proof. 

In mufic as a fcience he was uncommonly {killed. It 
was his favourite amufement; and with that natural 
partiality which all entertain for their favourite obje&s, 
he w as apt to affign to it a degree of moral importance 
which fome might deem a little whimfical. He has 
often been heard to fay, that he never knew a good tafte 
in mufic affociated with a malevolent heart: And being 
alked, What prefeription he would recommend for at- 
taining an old age as healthful and happy as his own ? 
“My prefeription (faid he) is fimple—fhort but cheer- 
ful meals, mufic, and a good confcience.” 

In domeftic life, Mr Tytler’s charadler was particu- 
larly amiable and praife worthy. He was one of the 
kindeft hulbands and moft affedlionate fathers. At the 
beginning of this account, w^e mentioned his having 
loft, at an advanced period of life, an excellent wife, 
and a fon and a daughter both grown to maturity, who 
merited and poffelfed his warmeft affedlions. The tem- 
per of mind with which he bore thefe Ioffes, he has him- 
felf exprefied in a MS. note, written not long before 
his death ; with which, as it conveys a fentiment equal- 
ly important in the confideration of this life, and in the 
contemplation of that which is to come, w'e ftiall con- 
clude the prefent memoir : “ The lenient hand of time 
(lays he) after mentioning the death of his wife and 
children), the lenient hand of time, the affedlionate care 
of my remaining children, and the duty which calls on 
my exertions for them, have by degrees reftored me to 
myfelf. The memory of thofe dear objedls gone before 
me, and the foothing hope that we {hall foon meet a- 
gain, is now the fource of extreme pleafure to me. In 
my retired wralks in the country I am never alone ; thofe 
dear {hades are my conftant companions ! Thus wrhat 
I looked upon as a bitter calamity, is now become to me 
the chief pleafure in life.” 

U, V. 

(a) There is a beautiful hiftorical pi&ure of 
his courtiers liftening to the mufic, by Graham, 

this prince playing on the harp, with his queen and a circle c£ 
in London ; one of the moft eminent artifts of the age.. 
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U, V. 

Vacuum 
!l , 

Vanda. 
l v  

VACUUM 
▼ x/nr*im m 

Boyleanum, is the approach to a real 
to which we can arrive by means of the 

air-pump. 
Torricellian Vacuum, is the moil complete vacuum 

which we can make by means of the torricellian tube. 
See Barometer, and Pneumatics, Encycl. 

VADE-mecum, the title given to fuch books as 
men of particular profeflions, having frequent occafion 
to confult, may ealily carry about with them. Thus a 
fmall volume, publifhed in the beginning of the 18th 
century, giving an account of the ancient and prefent 
church of England, and of the duties, rights, privileges, 
and hardlhips of the clergy, is known by the title of 
the Clergyman s Vade-mecum. 

VAKEEL, a minilter, agent, or ambaffador. 
VALGUS, Bow or Bandy Legged. Some children 

are bow-legged from their birth ; others become fo from 
fetting them on their feet too early. The tibia of fome 
is croaked ; the knees of others are diftorted ; from a 
fault in the ankle, the feet of fome are turned inwards, 
thefe are called vari ; and in others they turn outwards, 
thefe are called valgi. The bed: method of preventing 
thefe diforders in weakly children, is to exercife them 
duly, but not violently ; by dancing or tofling them a- 
bout in one’s arms, and not fetting them much on their 
feet, at leall not without properly fupporting them: if 
the diforder attends at the birth, or increafes after it is 
begun, apply emollients, then apply boots of ftrong lea 
ther, wood, &c. as required to dilpofe the crooked legs 
gradually to a proper form; or other inifruments may 
be ufed inftead of boots, which, when not too coftly, 
are ufually to be preferred. Slighter inftances of thefe 
diforders yield to careful nurling without inftruments. 

VAND V', the Indian name of a plant of the genus 
Epidendrum; which fee, EncycL The vanda is thus 
defcnbed by Sir William Jones. 

“Cal. minute, Itraggling. Cor. Petals five, 
diverging, oval oblong, obtule, wavy; the two lowed 
larger; the three higheft equal, bent towards the nec- 
tary. NeBary central, rigid : Mouth gaping, oblique: 
Upper lip fhorter, three-parted, with a polifhed honey- 
cup ; under lip concave in the middle, keeled above, 
with two fmaller cavities below, two proceffes at the 
lafe, incurved, hollow, oval pointed, converging, honey- 
bearing. Stam. Filaments very fliort. Anthers round, 
fiattifh, margined, covered with a lid, ealily deciduous 
from the upper lip of the neftary. Fist. Germ, beneath 
long, ribbed, contorted with curves of oppofite flexure. 
Style verv fliort, adhering to the upper lip. Stigma Ample. 
Per. Capfule oblong-conic, wreathed, fix-keeled, each 
with two fmallcr keels, three-celled, crowned with the 
dry corol. Seeds innumerable, like fine dud affixed to 
the receptacle with extremely fine hairs, which become 
thick wool. Scapes incurved, folitary, from the cavity 
of the leaf, at mod feven flowered ; pedicles alternate. 
Petals milk-white externally, tranfparent; brown with- 
in, yello w-footled. Upper lip of the nedlary fnow-white; 
under lip rich purple, or light crimfon, driated at the 
bafe, with a bright yellow gland, as it feems, on each 

procefs. The flowers gratefully fragrant, and exqni- Vanda’la, 
litely beautiful, looking as if compoied of Ihells, or made Va“,!er- 
of enamel; crifpeladic, vifcid internally. Leaves nionde# 

ing, oppofite, equally curved, rather fleffiy, fword-form, ”V_"J 

retufe in two w-ays at the fummit, with one acute point. 
Roots fibrous, fmooth, flexible ; fhooting even from the 
top of the leaves.” 

This lovely plant attaches itfelf chiefly to the high- 
ed Amras and Bilvas (the Mangifera and Cratava of 
Lin.) ; but it is an air-plant, and lives (fays the Prefi- 
dent) in a pot without earth or water: its leaves are ex- 
cavated upwards, to catch and retain dew. 

VANDALIA, a duchy of Farther Pomerania, fub- 
je& to the king of Pruffia. Stolpm is the capital. 

Vandalia, a country in Germany, in the circle of 
Lower Saxony and duchy of Mecklenburg. It lies be- 
tween the bifhopric and duchy of Schwerin, the lord- 
fhips of Stocrock and Stargard, Pomerania, and the 
marquifate of Brandenburg ; and is 75 miles in length 
and 7 in breadth. It contains feveral final! lakes, and 
the principal town is Guftrow. 

VANDERMONDE, member of the National In- 
ftitute of Sciences and Arts, was born at Paris in the 
year 1735. He devoted his youth to felf inftrudlion ; 
and even at the age of thirty was far enough from fuf- 
petling that he w as deftined to iullruft others in his 
turn. Chance brought him near to the celebrated Foil- 
taine. That fexagenary geometrician eafily divined the 
piogrefs which Vandermonde would one day make in 
the mathematics; in him he anticipated, as it wmre, a 
fucceflbr to himfelf; he patronifcd and carefled him, 
let him into the fecret of his refearches, calculations, 
inventions, of that lively enjoyment which profound 
fpeculation gives to an elevated attentive mind; and 
which, blended with the tweets of tranquillity, the 
charms of retreat, and the confcioufnefs of luccefs, be- 
comes often a lort of paffion, as felicitous as durable. 
All that time Fontaine, whofe attention was again di- 
rected to the refearches which he had added to thole of 
Jean Bernoulli, relative to the then famous queition of 
the toutocrones, had the glory to be vanquished only by 
D'Alembert and La Grange. Vandermonde, a witnels 
to this combat, neceflarily illuflrious, animated by the 
honour which he faw annexed to that glorious defeat, 
enchanted with the fight or Fontaine, as happy, in fpite 
of his age, from his love of geometry, as a youth of 
twenty could be with a fentiment lefs tranquil, thought 
he Ihould infure hi3 happinefs for ever, by yielding to a 
pafiion which the ioe of age could not extinguilh; in a 
word, he devoted himfelf to geometry 

His labours, however, were for fome time fecret; 
and perhaps the public would never have enjoyed the 
benefit of any of his works, if another geometrician 
(whofe name, fays Lacepede, cannot be pronounced, in 
this place, without a mixture of intereft and regret) had 
not infpired him with a confcioufnefs of his own lb ength, 
and courage to difplay it. Fontaine had already devo- 
ted him to geometry ; Dufcjour exhorted him to pene- 
trate even into its fan&uary. In brief, he prefented 

5 B 2 himfdf 
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Vander- himfelf to the Academy of Sciences, into which he was 

, monde« admitted in 1771 ; and in that very year jollified the 
fulfrages of liis allbciates, by a paper which he publifli- 
ed relative to the refolution of equations. 

From the 16th century the method of refolving equa- 
tions of the four firil degrees has been known, and fince 
that time the general theory of equations has received 
great improvements. In fpite, however, of the recent 
labours of many great geometricians, the folutions of 
equations of the fifth degree had in vain been attempt- 
ed. Vandermonde wilhed to confolidate his labours 
with thofe of other illuftrious analylls ; and he propofed 
a new theory of equations, in which he feems to have 
made it particularly his bufinefs to fimplify the methods 
of calculation, and to contraft the length of the formula, 
which he confidered as one of the greatell difficulties 
of the fubjedl. 

This work was quickly followed by another on the 
froblems called by geometricians problems of ftuation. 

t feems to have been the delliny of Vandermonde, as 
well as of Fontaine, who firft initiated him into the my- 
iteries of mathematical fcience, to labour frequently up- 
on fubje£ts already handled by the greateft mailer. In 
his firil memoir he had llarted, fo to fpeak, in compe- 
tition with La Grange and Euler; in his fecond, with 
Euler and Leibnitz. This lall was of opinion that the 
analyfis made ufe of in his time, by the geometricians, 
was not applicable to all quellions in the phyfical fcien- 
ces ; and that a new geometry Ihould be invented, to 
calculate the relations of pofitions of different bodies, in 

‘See Po» fpace : this he called geometry offituation*. Excepting, 
sition, however, one application, made by Leibnitz himfelf, to 

the game offolitaire, and which, under the appearance 
of an objedl of curiofity, fcarcely worthy the fublimity 
and ufefulnefs of geometry, is an example for folving 
the moll elevated and important quellions, Euler was 
almoll the only one who had praftifed this geometry of 
fituation. He had reforted to it for the folution of a 
problem called tire cavalier, which alfo appeared very 
familiar at firll fight, and was alfo pregnant with ufe- 
ful and important applications. This problem, with 
the vulgar, confilted merely in running through all the 
cafes of the chefs board, with the knight of the game of 
chefs ; to the profound geometrician, however, it was 
a precedent for tracing the route which every body 
mull follow, whofe courfe is fubmitted to a known law, 
by conforming to certain required conditions, through 
all the points difpofed over a fpace rn a prefcribed or- 
der. Vandermonde was chiefly anxious to find in this 
fpecies of analyfis a fimple notation, likely to facilitate 
the making of calculations ; and he gave an example of 
this, in a fhort and eafy folution of the fame problem 
of the cavalier, which Euler had rendered famous. 

.His taile for the high cenceptions of the fpeculative 
fciences, as blended with that which the amor patria 
naturally infpires for objeds immediately ufeful to fo- 
ciety, had led him to turn his thoughts towards per- 
fe&ing the arts converfant in weaving, by indicating a 
manner of noting the points through which are to pafs 
the threads intended to form the lines which terminate 
the furface of different regular bodies: accordingly a 
great part ot the above memoir is taken up with this 
iubjed. 

In the year following (1772) he printed a third me- 
moir j in which he traced put a new path for geome- 

•Suppl, 
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ters, difcovering, by learned analytical refearches, irra* 
tional quantities of a new fpecies, ffiewing the fequels 
of which thefe irrationals are the terms or the fum, and 
pointing out a dired and general method of making in 
them all the poffible reductions. 

In the fame year appeared his work on the Elimina- 
tion of unknown Quantities in Algebra. This elimi- 
nation is the art of bringing back thofe equations which 
include many unknown quantities, to equations which 
only contain one. The perfedion of refearches in this 
art would confilt in obtaining a general and particular 
formula of elimination in a form the mofl concife and 
convenient, in which the number of equations and their 
degrees fliould be defigned by indeterminate letters. 
Vandermonde, while he confidered the geometers as ve- 
ry diftant from this point, had fome glimpfe of a poffi- 
bility of reaching it, and propofed fome new methods 
of approaching nearer it. 

In 1778, he prefented, in one of the public fittings 
of the Academy, a new fyftem of harmony, which he 
detailed more fully in another public fitting of 1780. 
In this fyilem, Vandermonde reduces the modes of pro- 
ceeding adopted until his time,, to two principal rules, 
which thus become eftablilhed on effedls admitted by all 
muticians. Thefe two general rules, one on the fuc- 
ceflion of according founds, the other on the arrange- 
ment of the parts, depend themfelves on a law more ele- 
vated, which, according to Vandermonde, ought to rule 
the whole fcience of harmony. 

By the publication of this work, he fatrsfaflorily at- 
tained the end he had propofed to himfelf, and obtained 
the fuftrages of three great men, reprelentatives, fo to 
fpeak, of the three great fchools of Germany, France, 
and Italy ; Gluck, Philidor, and Piccini. 

With thefe labours, intermingled with frequent re- 
fearches on the mechanic arts, as well as on objecls of 
political economy, the attention of Vandermonde was ta- 
ken up ; when, July 14. 1789, the voice of liberty re- 
founded over the whole furface of France, and fndden- 
ly all the thoughts, as well as all the affedtions, of Van- 
dermonde, were engaged on the fide of what he called 
liberty. 

He became fo furious a democrate, fo outrageous an 
enemy to every thing effabliffied, that he concurred in 
the abolition of the Royal Academy, of which he had 
been fo ambitious of becoming a member, and affociated 
himfelf clofely with Robefpierre, Marat, and the reft of 
that atrocious gang of villains, who covered France with 
ruins, with fcaffolds, and with blood. This part of 
Vandermonde’s hiftory is fuppreffed by his eulogift 
Lacepede, becaufe, forfooth, difcuffions on political opi- 
nions ought not, in his opinion, to be admitted into the 
fandluary of the fciences. 

In that fandluary he did not long remain. Soon af- 
ter his atrocities, he was attacked by a diforder in his 
lungs, which almoft taking away his breath, manifefted 
itfelf by alarming fymptoms, and condudled him by ra- 
pid fteps to the tomb. He died in the end of the year 
I795 5 a linking inftance of the wayward violence of 
the human mind, which even the love of fcience could 
not keep at a diftance from tumult and uproar. 

VAREN1US (Bernard), a learned Dutch geogra- 
pher and phyfician of the 17th century, who was author 
of the bell mathematical treatifeon geography, intitled, 
Geographia Univerfalis, in qua ajfeftiones generalts Tellu- 
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Thia excellent work has been tranflated ter it has undergone the modification which I ihall pre r r i _r\ i n   i i ^. Variable rh expllcantur 

ll into all languages, and was honoured by an edition, 
Vanol* improvements, by Sir Ifaac Newton, ior the ule 

^Vaccnae. ^ aca(jemjcal ftudents at Cambridge. 

VARIABLE, in geometry and analytics, is a term 

fently fpeak of), which bears fo ftrong a refemblance to 
the fmall-pox, that I think it highly probable that it 
may be the fource of that difeafe. 

In this dairy county (Gloucefterfhire), a great 

Variole 
VaccinsR, 
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applied by mathematicians to fuch quantities as are con- number of cows are kept, and the office of milking is 
r-i j  • U1.. inrrea. oerformed indifcriminatelv bv men and maid fervants. 
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performed indiferiminately by men and maid fervant*. 
One of the former having been appointed to apply dref- 
fings to the heels of a horfe affected with the greafe, and 
not paying due attention to cleanlinefs, incautioufly 
bears his part in milking the cows with fome particles 
of the infectious matter adhering to his fingers. When 
this is the cafe, it commonly happens that a difeafe is 
communicated to the cows, and from ihe cows to the 
dairy maids, which fpreads through the farm until moft 
of the cattle and domeftics feel its unpleafant confe- 
quences. This difeafe has obtained the name of the ^ 
cow-pox. It appears on the nipples of the cows in the Its appear- 
form of irregular pullules. At their firft appearancean^ °^d

ther 

they are commonly of a palifh blue, or rather of a co* thcTpcribn 
lour fomewhat approaching to livid, and are furround-wh0 milka- 
ed by an eryfipelatous inflammation. Thefe puftules, her. 
unlcfs a timely remedy be applied, frequently degene- 
rate into phagedenic ulcers, which prove extremely 
troublefome. The animals become indifpofed, and the 
fecretion of milk is much leflened. Inflamed fpots now 
begin to appear on different parts of the hands of the 
domeftics employed in milking, and fometimes on the 
wrifts, which quickly run on to fuppuration, firft affu- 
ming the appearance of the fmall vefications produced 
by a burn. Moft commonly they appear about the joints 
of the fingers, and at their extremities ; but whatever 
parts are affeCted, if the fituation will admit, thefe fit- 
perficial fuppurations put on a circular form, with their 
edges more elevated than their centre, and of a colour 
diftantly approaching to blue. Abforptions take place, 
and tumors appear in each axilla. The fyftem becomes ’i 
affected, the pulfe is quickened, and fliiverings, with 
general laffitude, and pains about the loins and limbs, 
with vomiting, come on. The head is painful, and the 
patient is now and then even afle&ed with delirium. 
Thefe fymptoms, varying in their degrees of violence, . 
generally continue from one day to three or four, lea- 
ving ulcerated fores about the hands, which, from the 
fenfibility of the parts, are very troublefome, and com- 
monly heal flowly, frequently becoming phagedenic, , 
like thofe from whence they fprungV The lips, nof- 
trils, eyelids, and other parts of the body, are fometimes 
affefted with fores ; but thefe evidently arife from their 
being needlefsly rubbed or fcratched with the patient’s 
infeded fingers. No eruptions of the fkin have follow- 
ed the decline of the feverifti fymptoms in any inftance 
that has come under my infpeftion, one only excepted ; 
and in this cafe a very few appeared on the arms : they- 
were very minute, of a vivid red colour, and foon diedr 
away without advancing to maturation : fo that I can- 
not determine whether they had any connedtion with 
the preceding fymptoms. 

“ Thus the difeafe makes its progrefs from the horfe 
to the nipple of the cow, and from the cow to the hu- 
man fubjed. . _ ^ 

“ Morbid matter of various kinds, when abforbed in-it* finaulz- 

and fwellinsr in the heel, from which iffues matter pof- to the fyfttm, may produce effects in fome degree fim.-nty, 
felling properties of a very peculiar kind, which fcems lar; but what renders the cow.pmt virus fo extremely 
capable of generating a difeafe in the human body (af. fingular is, that the perfon who ha, been thus affetted 

fxdered in a.variable or changeable ftate, either increa 
•fing or decreasing. Thus the abfeifles and ordinates of 
an ellipfis, or other curve line, are variable quantities ; 
becaufe thefe vary or change their magnitude together, 
the one at the fame time with the other. But fome 
quantities may be variable by themfelves alone, or while 
thofe conneded with them are conftant : as the abfeifles 
of a parallelogram, whofe ordinates may be confidered 
as all equal, and therefore conftant; alfo the diameter 
of a circle, and the parameter of a conic fedion, are 
conjlant, whiletheir abfeiffes are variable. See Fluxions, 
Encycl. 

VARIATION of Curvature, in geometry, is ufed 
for that inequality or change which takes place in the 
curvature of all curves except the circle, by which their 
curvature is more or lefs in different parts of them ; and 
this variation conftitutes the quality of the curvature of 
aay line. 

VARIOLiE Vaccine, or Cow pox, is the name 
vuLwinut commonly, though as lome people think, improperly, 
longknown given to a very fingular difeafe, which, for two or three 
in Gloucd- years pa{^ has occupied a great fhare of the attention of 

medical men. It has been mtmy years prevalent in lome 
of the great dairy counties in England, particularly 
Gloucefterfhire; and it has been long underftood by 
the farmers and others in thefe counties, that it for ever 
exempts all perfons who have been infeded with it 
from the contagiou of fmall-pox. 

It is very furpriling that, though they knew' this 
fad, and although no perfon had ever been known to 
die of the cow-pox, they never thought of having re- 
courfe to a voluntary infedion of this kind, in older to 
free themfelves and their families from the pofiibility of 
being infeded with the variolous poifon, which fo often 
proves mortal. In one cafe, indeed, communicated to 
Dr Pearfonby Mr Downe of Bridport, the experiment 
was long ago tried by a farmer upon his own perfon, 
and wnth complete fuccefs : But this only makes it the 
more wonderful that his example fhould not have been 
followed. _ 

In the town of Kiel, however, in the duchy of Hol- 
ftein, where the difeafe is faid to be well known, as fre- 
quently affeding cows, we are told that children are 
fometimes inoculated with cow-pox (Die Finnen), with 
a view to preferve their beauty ; but that the people in 
the country do not like this inoculation, becaufe they 
pretend that it leaves behind it feveral diforders. 

With thefe exceptions, Dr Jenner was the firft per- 
inoculatioa fon who introduced the vaccine inoculation ; and to him 
introduced ^ public are alfo indebted for the firft careful and ac- 
by Dr Jen-cnrate jnveftigatjon 0f this interefting fubjed. The 

following is his account of the origin and hiftory of the 
difeafe, and of its charaderiftic fymptoms. 

n . !* f “ There is a difeafe to which the horfe, from his 
the difeafe ftate of domeftication, is frequently fubjed. The far- 
according riers have termed it the greafe. It is an inflammation 
to him. 
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is for ever after fecure from the mitcuuu ui uie nnau- 
pox ; neither expofure to the variolous effluvia, nor the 
infertion of the matter into the fkin, producing this 
diflemper. 

“ It is neceffary to obferve, that puftulous fores fre- 
quently appear fpontaneoufly on the nipples of cows ; 
and inltances have occurred, though very rarely, of the 
hands of the fervants employed in milking being affedf- 
ed with fores in confequence, and even of their feeling 
an indifpofition from abforption. Thefe puftules are of 
a much milder nature than thofe which arife from that 
contagion which conflitutes the true cow-pox. They 
are always free from the bluifh or livid tint fo confpicu- 
ous in that difeafe. No eryfipelas attends them, nor 
do they fhew any phagedenic difpofition, as in the other 
cafe, but quickly terminate in a fcab, without creating 
any apparent diforder in the cow. This complaint ap- 
pears at various feafons in the year, but moft common- 
ly in the Ipring, when the cows are firll taken from 
their winter food and fed with grafs. It is very apt to 
appear alfo when they are fuckling their young. But 
this difeafe is not to be confidered as fimilar in any re- 
fpeft to that of which I am treating, as it is incapable 
of producing any fpecific effedls on the human conltitu- 
tion. . However, it is of the greateft confequence to 
point it out here, left the want of difcrimination fhould 
occafion an idea of fecurity from the infe&ion of the 
fmall-pox, which might prove delulive.” 

Dr Jenner adds, that the a&ive quality of the virus 
from the horfe’s heels is greatly increafed after it has 
a&ed on the nipples of the cow, as it rarely happens 
that the horfe affedts his drefler with fores, and as rare- 
\y that a milkmaid efcapes the infe&ion when fhe milks 
infected cows. It is moft adtive at the commencement 
of the difeafe, even before it has acquired a pus-like ap- 
pearance. Indeed the Do&or is rather induced to think 
that the matter lofes this property entirely as foon as it 
is fecreted in the form of pus, and that it is the thin 
darkith-looking fluid only, oozing from the newly form- 
ed ciacks in the heels, limilar to what fometimes ex- 
udes from eryfipelatous blifters, which gives the difeafe. 
He is led to this opinion, from having often inferted 
pus taken from old fores in the heels of horfes, into 
fcratches made with a lancet, on the found nipples of 
cows, which has produced no other effcdl than Ample 
inflammation. ^ 

He is uncertain if the nipples of the cow are at all 
times fufceptible of being acted upon by the virus from 
the horfe, but rather fufpedls that they muft be in a 
itate of predifpofition, in order to enfure the effedf. 
But he thinks it is clear that when the cow-pox virus is 
once generated, the cows, when milked with a hand 
really mfedfed, cannot rdift the contagion, in what- 
ever ftate their nipples may chance to be. He is alfo 
doubtful whether the matter, either from the cow or 
the horfe, will afted the found fkin of the human body ; 
but thinks ,t probable that it will not, except on thofe 
parts where the cuticle is very thin, as on the lips. 

At what period the cow-pox was firft noticed in 
Glouceflerfhire ,s not upon record. The oldeft farmers 
were not unacquainted with it in their earUefl days 
when ,t appeared upon their farms, without any devia- 
tion from the phenomena which it now exhibits. Its 
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mfe&ion of the finall- inoculation firft occafioned the difcovery. Dr Jenner 

conjectures that its rife in that neighbourhood may not 
have been of very remote date, as the pradice of milk- 
ing cows might formerly have been in the hands of 
women only j and confequently the cows might not in 
former times have been expofed to the contagious mat- 
ter brought by the men fervants from the heels of 
horfes. He adds, that a knowledge of the fource of 
the infe&ion is new in the minds of moft of the farmers, 
but has at length produced good confequences ; and 
that it feems probable, from the precautions they are 
now difpofed to adopt, that the appearance of the cow- 
pox in that quarter may either be entirely extinguifhed 
or become extremely rare. 

With refpeCt to the opinion adduced (Dr Jenner ob- 
ferves), that the fource of the infection is a peculiar 
morbid matter arifing in the horfe ; although I have 
not (fays he) been able to prove it from a&ual experi- 
ments conducted immediately under my own eve, yet 
the evidence 1 have adduced appears to eftablilh it. 

“ They who are not in the habit of conduding ex- 
periments, may not be aware of the coincidence of cir- 
cumftances, neceflary for their being managed fo as to 
prove perfedly decifive ; nor how often men engaged 
in profefiional purfuits are liable to interruptions, winch 
difappomt them almoft at the inftant of their being ac- 
compliftied ; however, I feel no room for hefitation re- 
fpe&ing the common origin of th? difeafe, being well 
convinced that it never appears among the cows, except 
it can be traced to a cow introduced among the general 
herd which has been previoufly infedfted, or to an in- 
leded fervant, unlefs they have been milked by fomc 
one who, at the fame time, has the care of a horfe af- 
feded with difeafed heels.” 

The following cafe, which we alfo quote from Dr 
Jenner, would feem to fhew that not only the heels of 
the horfe, but other parts of the body of that animal, 
are capable of generating the virus which produces the 
cow-pox. 

“ An extenfive inflammation of the eryfipelatous 
kind appeared, without any apparent caufe, upon the 
U£C °f tlll£h of a fucJil’ng colt, the property ot Mr Millet, a farmer at Rockhampton, a village near 

ei e ey. The inflammation continued feveral weeks 
and at length terminated in the formation of three 
four fmall abfeeffes. The inflamed parts were foment- 
ed, and dreflings were applied by fome of the fame per- 
iods who were employed in milking the cows. The 
number of cows milked was twenty-four, and the whole 
o them had the cow-pox. The milkers, confiding of 
the farmer s wife, a man, and a maid fervant, were in- 
tested by the cows. The man-fervant had previouflv 
gone through the fmall-pox, and felt but little of the* 
cow-pox. fhe iervant maid had fome years before 
heen 1'lfe&ed

j with the cow-pox, and fhe alfo felt it now in a flight degree : but the farmer’s wife, who never 
had gone through either of thefe difeafes, felt its effeas 
very feverely. That the difeafe produced upon the 
cows by the colt, and from them conveyed to thofe 
who milked them, was the true and not thefpurious 
cow-pox, there can be fcarcely any room for fufpicion ; 

had theW°fr A hT b-T m°re completely fatisfadory had the effeas of variolous matter been afeertained ou 
auiKr s wife ; but there was a peculiarity in her 

Variola 
Vuccinas. 

—. iijiau-pox leems to have been nn. > -r , aicenainea o 
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b introduction of fituation which prevented my making the experiment. 
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Variola Subsequent authors have not been all difpofed to 
Vaccina. a(j0pt Dr Jenner’s opinion that this difeafe derives its 

8 origin from the greafe in horfes. We have feen the 
Dr Jenncr’sD°ftor himfelf allow that he has not been able to prove 
opinion of it decifively by atlual experiments; and to eftablifh a 
the origio fa(c^ f0 contrary to all analogy, perhaps no weaker evi- 

•afecon-" ^ence ought to be admitted. The only other beftial 
troverted. diforder with which we are acquainted, which is ca- 

pable of being communicated by contagion to the hu- 
man fpecies, is hydrophobia : but here the diforder is 
the fame in man as in the animal from which he derives 
it ; and the analogy holds good in the propagation of 
the vaccine difeafe from the cow to her milker. But 
that the difcharge from a local diieafe in the heel of a 
horfe fhould be capable of producing a general diforder 
in the conftitution of a cow, with fymptoms totally dif- 
ferent, and that this new difeafe once produced (hould 
be capable of maintaining an uniform character in the 
cow and in man, feems a much greater departure from 
the ordinary proceeding of Nature. We are very far 
from faying that this is impoflible ; for little indeed do 
we know of what Nature can or cannot do. All we 
mean to fay is, that a fa£t fo very extraordinary ought 
not to be haftily admitted. 

In Holftein, we are told that the farmers do not 
know of any relation exifting between the greafe and 
the cow-pox, at lead a perfon who refided three years 
in that country never heard of any. This, however, is 
certainly no proof. The fame communication which 
contains this remark (a letter from Dr De Carro of 
Vienna to Dr G. Pearfon) adds, “that in great farms 
men do not milk cows, but that in the fmaller ones 
that happens very often ; that a difeafe of horfes, called 
mauke (true German name for greafe)y is known by all 
thofe who take care of them ; that old horfes particu- 
larly, attacked with the mauke, are always put in cow’s 
ftables, and there are attended by women ; and that it 
is particularly in harveft that men in fmall farms milk 
cows.” It mud be allowed, then, that in this iitua- 
tion, fuppofing Dr Jenner’s opinion well founded, the 
cow-pox was naturally to be looked for, and here ac- 
cordingly we lind it. The quedion is certainly of no 
real utility, and therefore it has very properly been lefs 
attended to than other points refpefting this diforder 
which lead to important pra&ical concluiions. 

Of all the quedions which have arifen relative to the 
cow-pox, there is none fo intereding, and luckily there 
is none which has received fo full a difcuffion, or lo la- 
tisfa&ory an anfvver, as the one we are now about to 
confider. Are thofe perfons who have once had the 
cow-pox effettually and for ever fecured againd the va- 

9 riolous contagion ? 
A previous Dr Jenner, in his fird publication, was decidedly of 
attack of 0p{n|0n that a previous attack of this diiorder rendered 

renders the t^ie ^iurnan body for ever unfufceptible of the variolous 
bodyun- virus; and befides the univerfal popular belief in the 
lufceprible countries where cow-pox is known, he brought for- 
of fmall- warj a number of cafes in fupport of his afiertion. By 
f0*' feme of thefe it appeared that perfons who had been 

affefted with the cow-pox above twenty or thirty years 
before continued fecure againd infe&ion, either by the 
effluvia from patients under fmall-pox, or by inocula- 
tion. But along with this opinion he entertained other 
two, which, to many people, appeared fo furprifing as 
to take away all credit from the former. 1 he fird 

was, that a previous attack of fmall-pox did not pre- Variolas 
vent a fubfequent attack of cow-pox ; and the fecond Vaccmae^ 
was perhaps dill more wonderful, that the cow-pox I0 
virus, although it rendered the conditution unfufeepti-Difficulties 
ble of the fmall-pox, fhould neverthelels leave it'un-explained, 
changed with refpeft to its own adlion, for that the 
fame perfon is fufceptible of repeated attacks of the 
cow pox. 

Thefe opinions have been fubmitted to the ted of 
very extenfive experience by a variety of intelligent 
pra&itioners ; and we think there can now be little doubt 
that the two lad are erroneous, while the tnnh of the 
fird has been edablifhed by an immenfe body of incon- 
trovertible evidence. 

The opinions that a perfon who has had the fmall- 
pox may afterwards have the cow-pox, and that the 
fame perfon may have the cow pox more than once, 
probably arofe from the diftin&ion between the local 
effeds of the vaccine virus, and the general diforder of 
the conditution not having been fufficiently attended 
to. It is generally admitted, that in the inoculated 
fmall pox the local affe&ion may go fo tar as that a 
pudule fliall arife on the part, containing matter capable 
of communicating the true fmall-pox to others, and yet, 
if no general affeftion of the conditution takes place, 
the patient is not fecure from the diforder. In like 
manner, there are cafes upon record which prove that a 
perfon may, after having had the fmall-pox, have a local 
affeftion produced by inoculation, in which true vario- 
lous matter dull be formed capable of communicating 
both the local and conditutional fymptoms of fmall- 
pox to others ; and nurfes, when much expofed to va. • 
riolous contagion, often have an eruption refembling 
fmall-pox upon fuch parts of their Ikin as have been ex- 
pofed to the a&ion of the virus, though they have for- 
merly undergone the difeafe. Yet there is probably 
no perfon at this day who will go fo far as to aflert that 
the fame perfon can have the fpecific variolous fever 
more than once. 

The cafe feems to be precifely the fame with refpeft 
to cow-pox. Dr Pearfon and others have inoculated 
a number of perfons after they have had the fmall pox 
with the vaccine virus, and have produced only the lo- 
cal affeftion ; and by the fame ted it is afeertained that 
the fame perfon cannot more than once have the con- 
ditutional fymptoms of th<; cow-pox. Dr Woodville 
indeed tells us that he has feen one cafe of genuine 
cow-pox pultule and ipecific fever in a conditution 
which had previoudy fuffered the fmall pox. There can 
be no higher authority on this fubjeft than that of Dv 
Woodville ; and if he had a6tually feen his patient in 
the fmall-pox as well as the cow-pox, we fhould have 
admitted this lingle cafe as completely decifive of the 
quedion. But the only evidence of this perfon having 
had the fmall-pox, is the aflertion of the patient that he 
had it ,when a child. This we can by no means 1 ultain 
as conclufive in oppofition to the Doftor’s own expe- 
rience, as well as the experience of Dr Pearfon. 

That the milkers are fubjeft to repeated attacks of 
the local fymptoms of cow-pox, whether they have had 
the fmall-pox or not, is certain. In the cafe of the 
farmer’s fervants at Rockhampton, which we have 
quoted above from Dr Jenner, one of whom had pre- 
vioufly undergone the fmall-pox, and the other the 
cow-pox, and both of whom were afterwards infedfed 
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by the cow-pox in a flight degree, it Teems reafonable to 
conclude that the local fymptoms only were prefent in 
the laft attack. We may at the fame time obferve, that 
in a cafe of this kind, where a very painful ulcer is pro- 
duced in a very fenlible part, this may probably be-at- 
tended by an increafed frequency of pulfe ; yet if this 
has not the fpecific marks of the cow-pox fever, we 
fhould not fay that fuch a perfon has the dlforder con- 
■fl'itutionaUy. 

With refpedt to the principal propofition, that the 
fpecific fever of cow-pox renders the conltitution un- 
fufceptible of the variolous fever, we think no doubt 
now remains. About 1000 perfons who have under- 
gone the vaccine inoculation have been afterwards ino- 
culated with variolous matter, which has produced no 
other than local effects. Befides tliefe, there have been 
a vail number inoculated by,private practitioners in dif- 
ferent parts of the kingdom, the refuk of which has not 
been reported. But we may fafely fuppofe, that if any 
one of them had afforded a conclulion oppofite to the 
one now generally admitted, it would have been com- 
municated to the public. 

We mufl not, however, conceal one feemingly well 
authenticated cafe which has lately occurred, and which, 
fo far as it goes, certainly militates againfl this conclu- 
lion, and which, we doubt not, will be eagerly caught 
at by the opponents of the new pradlice. We quote 
it from the Medical and Chirurgical Review for Sep- 
tember 1800. 

“ Mr Malim,' furgeon of Carey Street, London, ino- 
culated a child, two years and an half old, with vaccine 
matter procured from Dr jenner. On the third day 
there were fufficient marks of the a&ion of the virus, 
and from this time to the end of the difeafe the local 
afte&ion proceeded regularly and without interruption. 
On the eighth day the child complained of headache 
and ficknefs; had a quick pulfe, white tongue, and in- 
creafed heat, with an enlargement and tendernefs in the 
axilla. Thefe fymptoms fubfided in the courfe of the 
next day, and the child remained well till the twelfth, 
when it had a very fevere attack of fever, fucceeded, 
the following day, by an irruption ; the appearance, 
progreis, and termination of which, left no -doubt in the 
minds of feveral eminent practitioners of its being the 
amall-pox. I hat it was really fo, has been fince clear- 
ly proved by inoculation. There was a child ill of 
^mall-pox in the houfe at the time the above inoculation 
for cow-pox was performed•,, 

The Reviewers jultly remark, that the hiftory is de- 
fective, in not defcribing more minutely the appearances 
of the inoculated parts at the different ftages, as well as 
in not mentioning the length of time that the matter 
had been taken previous to being ufed. Both thefe 
points are the more important, as a fufpicion naturally 
arifes, that the local affection which fucceeded the vac- 
cine inoculation was not the genuine cow-pox puflule, 
but one of the fpurious kind, which had not the power 
of deftroying variolous fufceptibility. The matter ha- 
ving been furnifhed -by Dr Jenner, no doubt, renders 
this fuppofition the lefs probable ; but if it was either 
long or improperly kept after it came out of his hands, 
st may have undergone a material change, by putrefac- 
tion or otherwife. Dr Jenner mentions an inilance of 
a practitioner, who had been accultomed to preferve 
variolous matter in a warm pocket; a fituation favour- 
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able for producing putrefa&ion in it. This matter, VarkUe 
when inferted, was found to produce inflammation, fwell- Vaccim. 
ings of the axillary glands, fever, and fometinies erup- 
tions ; but not of the true variolous kind, as patients 
thus inoculated were found (till fufceptible of the fmall- 
pox contagion. It is furely a poflible fuppofition, tho' 
merely a conjedture, that the vaccine matter in Mr Ma- 
lim’s cafe had undergone fome fuch change. 

The cafe, however, is in feveral refpedts an interefting 
one. As it has been fuppofed that variolous contagion, 
communicated in the form of exhalation, does not af- 
fedt the conftitution in lefs than fourteen or fifteen days, 
and as the vaccine matter, communicated by inocula- 
tion, produces its fpecilic elfedls fome days earlier, it 
has been fuggefled, that wherever a perfon has been ac- 
cidentally expofed to variolous effluvia, we fliould en- 
deavour to anticipate th&fmall pox by immediately ino- 
culating with the vaccine virus. But if there be no- 
thing falacious in the above cafe, it appears that this 
meafure would not flop the progrefs of the fmall-pox, 
but that our patient would incur the additional danger 
of having two difeafes inftead of one. 

At all events, it mull be allowed that this child had Probably 
been infedled by the fmall-pox before the vaccine mat-accountei 
ter had begun to produce its fpecific effedls, and pro-fon 

bably even before the inoculation. Thus the fmall-pox 
may be confidered as having begun before the cow-pox ; 
and though we Ihould be forced to allow that, matters 
being thus fituated, the latter diforder could not pre- 
vent the farther progrefs of the former, it by no means 
follows, that when the cow-pox has fairly run its courfe, 
the conltitution is ftill fufceptible of fmall-pox. The 
two difeafes mull have exifted in this patient at the 
lame time, though the one was in a latent Hate during 
the adtive ftage of the other. 

This folitary cafe, then, is by no means conclufive, 
and certainly is not fufficient to outweigh the immenfe 
mafs of concurring evidence-which is oppofed to it. 

We proceed now to another highly important branchAj I4
f . 

of out lubjedl the companion of the advantages and of the new 
difadyantages of the two difeafes, with a view to thepradtice. 
practice of inoculation. 

Notwithstanding the immenfe number of cafes in 
which the inoculation of the cow-pox has been tried, 
we are not yet fully qualified to appreciate the value of 
the new piadtice ; becaufe the difeafe has varied very 
much in feverity, and even in its moll remarkable fymp- 
toms, and that without any caufe which has yet been 
difeovered. 

Dr Jenner’s account of the difeafe gave us reafon to 
think, that the local affection in cow-pox was more fe- 
yere than in the inoculated fmall-pox ; that the fever 
in this difeafe was never attended with dangerous fymp- 
toms ; that thole fymptoms which affedl the patient 
with leventy are entirely fecondary, excited by the irri- 
tating proceffes of inflammation and ulceration ; that 
the diieale was not attended with any eruption refem- 
bling fmall-pox ; and that the fore produced by the ino- 
culation vyas apt to degenerate into a very diftreffing 
phagedenic ulcer, which required to be treated with ap- 
plications of a cauilic nature, of which he found the 
unguentum hydrargyri nitrati the moft ufeful. 

boon after Dr Jenner’s publication, the attention of 
medical men was forcibly drawn to the fubjeft ; and fe- 
veral eminent practitioners in London, particularly Dr 

George 
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Variola: George Pcarfon, and Dr Woodville pliyfician to the 

Vaccuiae. fmall-pox and inoculation holpitals, immediately began 
v to praddife the vaccine inoculation. The latter gentle- 

man foon publiihed an accurate and candid account of 
the effedt of this virus upon 200 patients, with a table 
of the refults of above 500 cafes in which the inocula- 

15 t ion was performed. 
Anomalies It is very remarkable, that in none of thefe cafes did 
^P-the inoculated part ulcerate in the manner defcribcd by 
difeafe. -^r J^nner, nor did the inflammation ever ocealion any 

inconvenience, excepting in one inifance, in which it 
was foon fubdued by the aqua lythargyri acetati. 1'he 
general affedtion of the conilitution, on the other hand, 
though in a great majority of cafes it was very flight, 
yet, in lome iuftanees, was fevere. An eruption, ex- 
actly refembling imall-pox, was, contrary to expedfa- 
tion, a very common occurrence, and in fome the puf- 
tules were not few-er than 1000 ; and although in thefe 
cafes the difeaie was Hill unattended with fecondary fe- 
ver, yet the febrile fymptoms which took place from 
the commencement were confiderable, and even alarm- 
ing, as fometimes alio happens with the inoculated 
fmall pox. 

Dr Woodville fometimes inoculated with matter from 
the primary fore in the arm, and fometimes with mat- 
ter taken from the puitular eruption ; and it appears 
from the table that a much larger proportion of thofe 
who were inoculated in the latter way had puftules, 
than of thofe who were inoculated either with matter 
immediately from the cow, or from the primary fore 
in the human body. There were 447 patients in all 
inoculated, either from the cow or from the primary 
fore ; and of thefe 241 had puftules, and 206 had 
none. Sixty-two perfons, on the other hand, were ino- 
culated with matter from the puftules of ten different 
patients ; and of thefe no fewer than 57 had puftules, 
and only 5 efcaped without. Nor can it be faid that 
this difproportion arofe from thefe 10 patients having 
the difeafe in a more virulent form than ordinary, for 
matter was alfo taken from the primary fore in 4 of 
the 10, with which 48 were inoculated ; of whom 27 
had puftules, and 21 had none: whereas, of 9 perfons 
who were inoculated with matter from the puftules of 
thefe fame 4, only 2 efcaped without puftules. This 
obfervation correlponds alfo with Dr Pearlon’s expe- 
rience. 

Although thefe eruptions have been met with by- 
other practitioners, yet they certainly appear very rare- 
ly in private pra&ice. Dr Woodville, for thisreafon, 
confiders them, in a more recent publication, as the ef- 
fect of fome adventitious caufe, independent of the cow- 
pox : And this he fuppofes to be the variolated atmof- 
phere of the hofpital, which thofe patients were necef- 
farily obliged to infpire during the progrefs of the cow- 
pox infection. This opinion, however, does not feem 
to agree well with his former remark, which, as we 
have faid, is confirmed by Dr Pearfon, that eruptions 
rarely took place, if care was taken to avoid matter for 
inoculation from fuch as had puftules ; a fa£l that can- 
not be explained on fuch a fuppofition. Neither is this 
idea reconcileable with what he alfo tells us, that the 
proportion of cafes in the hofpital attended with puf- 
tules has been of late only three or four in a hundred. 

This change in the appearances of the difeafe in the 
hands of different pradlitioners, and even of the fame 
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practitioner at different times, is one of the moft unac- Va'i.ii* 
countable circumftances refpe&ing this fingular dii'or- Vacc,n** 
der. l here is fome curious information on this fubjeCt, vr~*“ 
contained in a letter from Ivlr btromeyer of Hanover 
to Mr Hannehmaun. 

“ 1 his year (fays he) we have inoculated 40 perfons, 
as well with the vaccine matter received of'D. Pearfon 
as with that from Dr Jenner ; all of whom underwent 
the difeafe properly. 

Betwixt the London and Gloucefter vaccine mat- 
ter, it appears to me there fubiifls an effential differ- 
ence. Phe London matter produces frequently an 
eruption of fmall pimples ; but they difappear within a 
day or two at fartheft. Dr Pearfon calls thefe erup- 
tions pujluks.—The Gloucefter matter has never produ- 
ced this effect here ; hut frequently occajloneil ulcerottom 
of the inoculated part, of a tedious and long duration 
‘which the latter never did ; on account of which I now 
only make ufe of Dr Pearfon’s vaccine matter. The 
nettle-fever-like eruptions I have obferved feveral times, 
but never that fort of eruption, repeatedly notici d in 
London, which fo much refembles the fmall-pox/’ 

If thefe obfervations of Mr Stromeyer fhould be 
confirmed by the experiments of others, they would go 
tar to explain the difference which the London practi- 
tioners have found in this difeafe from the account gi- 
ven of it by Dr Jenner, notwithftanding the abfence 
of the eruption refembling fmall pox at Hanover. Wc 
believe an interchange of vaccine matter has once or 
twice taken place between London and Gloucefter. 
fibre. Is it fince that period that the eruption has 
been lefs frequent at London ? Dr Pearfon is inclined 
to fuppofe, that the comparative feverity of the difeaie 
at London, during the firll winter, arofe rather from 
the difference in the human conftitution at the different 
feafons of the year, than from any change in the iiate 
of the vaccine matter. ^ 

In comparing the degree of danger from the inocu- Mortality 
lation of cow-pox with that arifing from the inoculatedfor the old 
fmall pox, we are convinced that Dr Pearfon greatly | ra<ft,ce , 
over-rates the mortality in the latter diforder. He fup bydieaX 
pofes it to be no lets than one in 200. Dr Mofeley, vocates for 
on the other hand, who is a violent opponent of the vac-thc new* 
cine inoculation, afferts, that he has inoculated feveral 
thoufands with variolous matter, in Europe and the 
Weft Indies, without ever lofing a patient, and that 
feveral other perfons, whom he knows, have done the 
fame, with the fume fuccefs. We are afraid, however, 
that the experience of other inoculators does not afford 
fo favourable a refult. We believe that in this country 
the mortality is often occalioned by improper treatment; 
and from comparing the accounts which we have recei- 
ved from pradftitioners of exteniive experience, and un- 
doubted veracity, we believe that, where the treatment 
is proper from the beginning, the fymptoms very rarely 
arife to aw alarming height, and that the mortality is 
not fo great as one in 600. And this eftimate nearly 
correfponds with Dr Woodville’s very great experience. 
It muft be allowed, that patients in an hofpital are fuh- 
jedl to fome difadvantages, which may be avoided in 
private praftice ; yet, out of the laft jcoo cafes of va- 
riolous inoculation at the inoculation hofpital, prior to ’ 
the publication of the Do&or’s reports, the mortality 
did not exceed one in 600. 

Notwithftanding this ftatement, however, we are hap- 
J C py 
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Va’iolaj py to fay, that the danger in the vaccine difeafe is ftill 

Vaccina. mucjl iefs> i)r Pearfon tells us, that in little more than 
v.-,—v- months after the new inoculation was introduced in- 

to London, which includes the period at which the 
cow-pox alffumed the moft unfavourable appearance, 
2000 perfons at leafl underwent the operation ; of thefe, 
one only, an infant at the bread, under the care of Dr 
Woodville, died. In this folitary fatal cafe, the local 
tumor was but very inconfiderable ; and the eruptive 
lymptoms took place on the feventh day, when the 
child was attacked with fits of the fpafmodic kind, 
which recurred at fhort intervals, with increafed violence, 

^and carried it off on the eleventh day after-the cow- 
pox matter had been infedted into its arm, and after an 
eruption of about 8o pudules had appeared. 

Since that time a much greater number, amounting 
certainly to feveral thoufands, have been inoculated 
with cow pox in different parts of Great Britain and 
on the continent. Among thefe, not one fatal inftance, 
that we have heard of, has occurred. 

But even if the danger to the individual from the fmall- 
pox and from the cow-pox were equal, there is an impor- 
tant advantage to the public attending the latter, which 
we think would alone be fufficient to intitle it to a prefer- 
ence— It is not capable of being propagated by the ef- 
fluvia arifing from the bodies of perfors infefted with 
it. There are many fituations in which a prudent fur- 
geon will be reftrained from inoculating with fmall-pox, 
left the contagion fhould fpread to other people, who 
may be either prevented by prejudice from fubmitting 
to the operation, or in whom it would be obvioufiy im- 
proper, from the circumftances of age, teething, or the 
prefence of fome other difeafe. Here the cow-pox vi- 
rus may be fubftituted with great propriety. It is 
chiefly from this quality that the cow-pox bids fair to 
extirpate the fmall pox entirely. 

This valuable property of the vaccine diforder is not, 
however, to be admitted without fome limitation. When 
k produces numerous puftules on the body, Dr Wood- 
ville tells us, that the exhalations they fend forth are 
capable of affecting others, in the fame manner as the 
fmall-pox. Two inftances of cafual infection in this 
way have fallen under bis obfervation. In one, the dif- 
eafe was fevere, and the eruption confluent; in the other, 
the difeafe was mild, and the puftules few. it has beon 
remarked, that the inoculated cow pox is little, if at 
all, different from the difeafe when cafually caught. 
But, ttridlly fpeaking, the above are the only two cafes 
in which the difeafe has been communicated otherwife 
than by inoculation. 

The writers upon this fubjeft are divided in opinion, 
whether the cow-pox and fmall pox ought to be confi- 

. dered as different difeafes, or whether they are merely 
ought^t^be varieties of the fame difeafe. 
confidered They certainly, notwithftanding the ftrong analogy 
as different which fubfifts between them, differ from each other in 
difeafes. feveral ftriking particulars. The cow-pox comes to 

man from the cow, and is capable of being carried 
back from him to that animal. Similar attempts with 
variolous matter have failed : in this refpeft, then, thefe 
two morbid poifons are altogether different. 

Variolas 
Vacdnae. 

18 
Whether 
the cow- 
pox and 

] VAC 
The local tumor produced by the inoculation of the 

cow pox is commonly of a different appearance from 
that which is the confequence of inoculation with va- 
riolous matter; for if the inoculation of the cow-pox 
be performed by a fimple purj&ure, the confequent tu- 
mor, in the proportion of three times out of four, ac- 
cording to Dr Woodville, affumes a form completely 
circular, and it continues circumfcribed, with its edges 
elevated and well defined, and its furface flat, through 
every ftage of the difeafe ; while that which is produ- 
ced from the variolous matter, either preferves a pecu- * 
liar form, or fpreads along the fkin, and becomes angu- 
lated, or irregular, or disfigured by numerous veficulse. 
Another diftin£tion ftill more decifive and general, is to 
be drawn from the contents of the cow-pox tumor ; for 
the fluid here formed very rarely becomes puriform ; 
and the fcab which fuccecds is of a harder texture, ex- 
hibits a fmoother furface, and differs in its colour from 
that wftiich is formed by the concretion of pus. The 
appearances, however, are fometimes fo changed, that 
they can in no lefpedl be diftinguifhed from thofe which 
arife from the inoculation of fin all pox. We may alfo 
mention that the tendency of the fore in the inoculated 
part to degenerate into a phagedenic ulcer does not oc- 
cur in fmall-pox. 

On the other hand, the points in which thefe two 
difeafes refemble each other are very remarkable. When ^ 
introduced into the body by inoculation, they affedt the 
conftitution in nearly the fame length of time, and feern 
to-be governed by nearly the fame laws. They mu- 
tually deftroy the fufeeptibility of. the body for the ac- 
tion of each other. 

Dr Pearfon, who thinks the difeafes ought to be con- 
fidered as diftindl fpecies, neverthelefs draws the follow- ' 
ing conclufions, as eftablifhed by experience. 

“ That in certain conftitutions, or under the circum- 
ftances of certain co-operating agents, the vaccine poi/on 
produces a i!ifeafes refembling the fmall-pox ; and of courfe 
the puftule in the inoculated part is very different from 
that of the vaccine pox ordinarily occurring^ and the erup- 
tions refemble very much, if not exablly, fome variet ':°s of 
the fmall-pox : That in fome inftances thefe eruptions 
have occurred, although the inoculated part exhibited 
the genuine vaccine puftule : That the matter of fuch 
eruptive cafes, whether taken from the inoculated part, 
or from other parts, produces univerfally ( a), or at leaft 
generally, fimilar eruptive cafes; and has not (he be- 
lieves) been feen to go back, by pafling through diffe- 
rent conftitutions, to the ftate in which it produces what 
is called the genuine vaccine difeafe : That eruptions, of 
a different appearance from variolous ones, fometimes 
occur in the true cow-pox.” 

From thefe fafts we are ftrongly inclined to think-pj^ r^re 
that the vaccine difeafe and the fmall-pox ought mere-probably 
ly to be confidered as varieties of the fame difeafe ; and only varie, 
we have little doubt that they both derive their origin^es 

from the fame fource. ‘a™ dif' 
If Dr Jenner’s opinion, that the vaedne difeafe is de- *‘l 

rived from the greafe, were fully eftablifhed, we fhould 
be difpofed to offer a conjecture, that the fmall-pox, in . 
coming from the horfe to man, may have paffed thro’ 

fome 

(a) We have feen that Dr Woodville’s table contains a few exceptions to this rule, though it ftrongly con- 
firms the general truth of the propofition. 
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Variolas, forrc animal different from the cow, and may thus have 
Vaccinae. undergone a modification fimilar to, but not exactly, 
“*—v the fame with what takes place in the paffage of the vi- 

rus through the conftitution of the cow. 
But without having recourfe to this conjefture, which 

is perfeftly gratuitous, we are of opinion that the varia- 
tions which have taken place in the cow-pox within the 
laft three years are fufficient to warrant a belief, that 
the fmall-pox may have originally been exactly the fame 
difeafe, even in the human conftitution, as the cow-pox 
is now ; but that in a fuccellion of ages, and Irom the 
operation of caufes wholly unknown to us, it may have 
been changed to what we now fee it. 

We (hall now conclude this article with a few prac- 
tical remarks, which we hope may be of ufe to pradi- 
tionevs who mean to begin the vaccine inoculation. 

It is of the utmoft conference that the matter em- 
ployed fhould be the genuine vaccine virus. Dr Jen- 
ner points out the following particulars as fources ot a 
fpurious cow pox: i. That arifing from putlules on the 
nipples or udder of the cow, which puftules contain no 
fpecific virus. 2. From matter, although originally pof- 
fefiing the fpecific virus, which has fuffered a decompo- 
fition, either from putrefa&ion, or any other caute le s 
obvious to the fenfes. 3. From matter taken from an 
ulcer in an advanced ftage, though the ulcer arole trom 
a true cow-pox. 4. From matter produced on the hu- 
man fkin from the contad of fome peculiar morbid 
matter generated by a horfe. 

Many have remarked that inoculation with the vac- 
cine matter is more apt to fail in communicating the 
infed’-on than with variolous matter, efpecially it it be 
iuffered to dry upon the lancet before it is ufed. 1 his 
does not feem to depend upon the virus of the former 
being more volatile, but upon its becoming more hard 
and indiffoluble upon exficcation. Care thould there- 
fore be taken to moiften it a confiderable time before it 
is ufed. .. 

We have already noticed the danger that may ante 
from miftaking the local effeds of the vaccine difeafe 
for its effeds upon the conftitution. To guard pradi- 
tioners againft this error, Dr Woodville makes the fol- 
lowing remarks : ** Wben a confiderable tumor and an 
exteofive rednefs take place at the inoculated part, 
within two or three days after the infedious matter 
has been applied, the failure of inoculation may be con- 
fidered as certain as where neither rednefs nor tumor 
is the confequence. This rapid and premature advance- 
ment of the inflammation will always be fufficient to 
prevent the inoculator from miftaking fuch cafes for 
thofe of efficient inoculation. But there are other ciif 
cumllances under which I have found the inoculation to 
be equally ineffedual, and which, as being more likely 
tu deceive the inoculator, require his utmoft circum- 
fpedion and diferimination. I here allude to cafes in 
which it happens that though the local affedftion does 
not exhibit much more inflammation than is ufual, yet 
neither veficle nor puftule fupervenes ; and in which, 
about the fixth or feventh day, it rapidly advances into 
an irregular fuppuration, producing a fettering or cruf- 
taceous fore. Care, however, ffiould be taken to di- 
llinguifh • this cafe from that in which the inoculated 
part affumes a puftular form, though it continues for 
one or two days only, when the fame appearances fol- 
low as thofe above deferibed; for I have experienced 

V artolas 
VdCcniEe the latter inoculation to be as effe&ual as where the tu- 

mor has proceeded in the moft regular manner.” ^ 
“ The efflorefcencc at the inoculated part, which Ventila. 

feldom intervenes before the eighth, or later than the tion. 
eleventh, day, is to be regarded as an indication that the  v—■ 
whole fyftem is affedled ; and if the patient has not felt 
any indifpofltioh on or before its approach, he may be 
allured that there will not be any afterwards. When 
eftlorefeetice does not commence till the eleventh day, 
it is almoft always attended with more indifpoiition 
than when it occurs on the eighth or ninth day. The 
eftlorefcence is more frequent in young infants than in 
children advanced to three or four years of age ; and 
the former have the efflorefcence and the difeafe more 
favourably than the latter, infomuch that by far the 
greater part of them have no perceptible ilinefs, and re- 
quire no medicines. On the ofher hand, in adults, the 
cow-pox frequently produces headache, pain of the 
limbs, and other febrile fymptoms, for two or three 
days, which are greatly relieved by a brifk purga- 
tive.” 

We would, upon the whole, recommend the vaccine 
inoculation to our medical readers as being an effe&ua! 
preventative againft the imall pox, and fater to the in- 
dividual, while it is more advantageous to the public at 
large, in being lefs capable of propagation by conta- 
gion. 

VECTOR, or Radius Vector, in aftronomy, is a 
line fuppofed to be drawn from any planet, moving 
round a centre, or the focus of an ellipfif, to that centre 
or focus. It is fo called, becaufe it is that line by 
which the planet feems to be carried round its centre ; 
and with which it deferibes areas proportional to the 
times. 

VEGETABLES.! See Vegetable Substances in 
VEGETATION.} this Suppl. 
VENTILATION of Ships is a matter of fo great 

impoitance, that we would rather hazard the ftating of 
an idle projeft for this purpofe, than omit any thing 
which may be ufeful. We hazard nothing, however, 
in ftating the following plan by Mr Abernethy, who 
candidly acknowledges that it is built upon the prin- 
ciples which we, together with the learned editor of 
Chambers’s Cyclopaedia, have borrowed from Dr Hailes. 
This plan confitts merely in caufing two tubes to 
defeend from above the deck to the bottom of a veffel, 
or as low as ventilation is required ; and which ffiould 
communicate by fmaller pipes (open at their extremi- 
ties) with thofe places deligned to be ventilated. There 
ffiould be a contrivance for flopping thefe commur.ica- 
ting pipes, fo that ventilation may be occafionally pre- 
vented from taking place, or confined to any particular 
part of the veffel. 

One of the principal air tubes ffiould defeend as near 
to the ftern of the veffel as convenient, and the other as 
near to the ftem. ... t r 1 • 

Through that tube which is in the head, the foul air 
is to be extra&ed; and through that which is in the 
item, the freffi air is to defeend to the different decks 
and other apartments of the veffel. 

The extraction of the air is eaiily effedted in the fol- 
lowing manner: Let a tranfverfe tube be fitted to that 
which defeends in the head of the veffel; it may be funk 
within the level of the deck, fo as to caufe no inequa- 
lity of furface. Let it be continued till it comes He- 7 c C 2 neath 
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Ventila- neath the fire-place, then afcend in a perpendicular di- 

tion. ^ redtion through the fire, and open a little above it; or 
it may be made to communicate with the chimney. It 
would be more convenient if the fire was near the place 
where the tube rifes through the deck ; but the expe- 
riment muit equally fuccetd, if the tube be made to 
defcend again till it is beneath the common fire-place. 
The effedt that will refult from this contrivance is ob- 
vious ; when the tube which pafies through the fire is 
heated, the air will afcend with a force proportionable 
to its levity, and the afcending column can only be lup- 
plied from below, confequently it mutt come from all 
thofe parts of the ihip with which the main tube com- 
mu nicates. 

When the ports are open, the quantity of air thus 
exhaulled from the fhip will be fupphed trom all quar- 
ters ; but if they were all Unit, and the hatchways and 
other openings completely clofed, the renewal of frelh 
air is made certain by means of the tube which defeends 
in the (tern. The main air tube, where it rifes above 
the deck in the Item, fhould have an horizontal one 
fitted to it, which might be made to traverfe, fo that 
it could be turned to windward; it might alfo expand 
at its extremity like the mouth of a trumpet; and thus 
perfectly frelh air mult enter, and the force ot the gale 
would tend to impel it into the veffel. 

When that part of the tube which pafies through the 
fire is red hot, the draught which would be thus occa* 
iioned might perhaps be too great, and the open pipes 
which communicate with the decks might emit and im- 
bibe the frelh air in fo dired a ftream, that it might 
be injurious to thofe perfons within the current. 

Mr Abernethy therefore thinks it would be better if 
thofe fmaller pipes which lead from the main tubes were 
made to run along the decks, and communicate with 
them by numerous orifices. Two pipes opening into 
the main exhaufiing tube might be extended along the 
tops of the deck, in the angle formed between the fides 
and the cieling: and thus the air would be extracted 
equally from all parts, and in a manner not likely to oc- 
cafion injurious currents. Some divifion of the Itream 
'of air which enters from the ftern might alfo be made, 
if it were thought necefiary. 

„ I]hU3 a very complete, and in no way injurious, ven- 
tilation may be obtained : the air in the velfel would 
be perfectly changed when the fire was Itrong, with- 
out expence or trouble; and a gradual and falubrious 
alteration of it might at all times be made, by a very 
little additional quantity of fuel. The air tubes (hould 
conl'ft of feparate joints, fo that occafionally they might 
be taken to pieces ; and to prevent their being injured 
or put out of order by rough ufage, the copper pipes 
ihould be made of confiderable tlrength, placed againil 
the fides of the veffel, and even incafed in wood. 

In the Letters and Papers of the Path Society, &c. 
we have the following defeription of a ventilator for 
preferving corn on fhip board, by Thomas South, Efq; 

f 1. is a cylindrical air-vefftl, or forcing pump, of 
lead, tm, or other cheap metal; its internal diameter be- 
ing ten inches, and its length three feet; having a 
crutch-handled piiton to work with, and an iron node, 
’Viz. a hodow inverted cone, two feet long, to condenfe 
the air and increafe its power in its paffage downwards. 

his cylinder Ihould be rivetted or ferewed, by means 
of an iron collar or ffrape, to the deck it paffes through, 
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both above and below, as at a a; and fhould be farther 
fecured by fome holdfaft near to keep it fteady in 
working. } 

Fig. 2. is a bottom of wood, four inches and a half 
thick, with a projecting rim at its bale, for the metal 
cylinder to reft on when cemented and ferewed to the 
wood. The centre of this bottom is excavated, for the 
reception of the crown of the node. In the fame fi- 
gure the node is reprefented with its crown like a bowl 
dilh, to condenfe the air gradually, without refiftance 
in its advance to the more contracted bafe of the in- 
verted cone, r. e. the top or entrance of the node. A- 
bout two-thirds down this node may be fixed a male 
icrew, as r c, for the purpofe hereafter mentioned. 

N. B. I he forcing-pump fhould be cafed in wood, 
to protect it from outward bruifes, which would pre- 
yent the work.ng of the piflon, and ruin its effeCts. 

ufed edther r°Und the eniboIu3 fhould be greafed when 
Fig. 3. is a crutch-handle, faffened to the embolus 

A by its iron legs B, B. A is a cylinder of wood, 
cafed with leather, fo as to fit well, but glide fmoothly, 
in the metdl cylinder ; having an opening as lame as 
ns ftrength will permit, for the free accefs of atmofphe- 

, n.C,j1.r* ,C 18 a valve well leathered on its top, and yielding downwards to the preffure of the air when the 
pifton is railed up. D is a crofs bar of iron, to con- 

^ the y’aive» fo tbat ma7 clofe inftantly on the re* turn 01 the piiton downwards. 
Fig. 4. is a tin pipe or tube, of lefs than four inches 

diameter, and of fuch length as, when fixed to the bafe 
o the cylinder, fig. i. fhall admit the nolle </, fig. 2. to 
within half an inch of the valve E, at the bottom of 
the wooden cylinder F, in fig, 4 ; which valve E-will 
hen yield to the preffure of air condenfed in its paffage 

throUgh the nolle, and -deliver it into the pipes below. 
Ifus vaLe muff be well leathered on its upper iurface, 
and fattened with an hinge of leather to the cylinder it 
is meant to clofe : affixed to its bottom is the fpindle 
G, paffing through a ipiral fpring H, which, being 
compreffed on the defeent of the valve, will, by its elaS* 
iticity, caufe it to rife again, clofe the aperture above, 
and retain the air dehveied beneath it. On conneding 
this cylinder with the upper end of the nolle, at ee, 
fig. 2. we nmlt carefully prevent any lapfe of air that 
way, y a bandage of oakum frneared with wax, on 
which to ferew the cylmder, like the joints of a flute 
an-tight. I is a bar of iron, having a rifing in its 
centie wide enough for the fpindle fo play fhrough 
but at the fame tune Efficiently con traded to prevent 

,the paffage of the fpiral fpring. 

, 1S, ?n a^mhIage *'n pipes, of any lengths, 
alKably aild conveniently to their fituation in 

the fhip to the form of which, when fhut into one an- 

neckhe h7 "‘u adaPted ? obferving only, that the neck be Itraight for a length Efficient to admit the low- 

"r Egb-. ^ ^ 4‘ " high 35 the letter F* 

h 5,g’ 6/uT?J
tfe middle PiPe» wbich runs along the 

Wed’ h°U^ bC fiuXCd a PerPendlcular one, fullySper- 
E the he COUV7 a,r readily into the Centre of the heap ; and this may have a conical top, as re- 

K mevcdntlnthhC Pfte’ P^rforated with a fmalkr punch to prevent the air from efcapmg too haftily. In large 
cargoes, two or three of thefe perpendiculars may be 

neceffary j 
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Vcntila- ncceflary ; and each Ihould be well fecured by an iron 

tion, g, fcrewed down to prevent their being injured by 
'V£rf^n' the ihifting of the cargo in Itormy weather or a rolling 

fea. The top of the conical cap of thefe pipes may 
reach two-thirds up the cargo. 

Fig. 7. is a valve of the fame conftruftion as that re- 
prefented in fig. 4. but inclofed in a tube of brafs, ha- 
ving a female fcrew at f/■> adapted to the male fcrew 
c Ci on the nolle fig 2. and may then be inferted info 
the head of the pipe fig. 5. This will add to the ex- 
pence ; but in a large apparatus is to be preferred, as 
a more certain fecurity from lapfe of air, than the junc- 
tion of the tube fig. 4. to the neck ee \n fig. 2. 

N. B. <? e is a neck of wood, making a part of the 
bottom fig. 2. whereon to fecure the tube fig. 4. when 
applied to the nolle. The joints of the pipes, when 
put together for ufe, Ihould be made air tight, by means 
of bees wax or fome flronger cement, till they reach the 
bottom of the vcflel, when there is no farther need of 
this precaution. The horizontal pipes Ihould run by 
the fide of the kelfon the whole length of the hold. 
The tin plates of which K is made, fhould be punched 
in holes, like the rofe of a watering-pot, in two or 
three lines only at moll, and then formed into a tube, 
with the rough fide outwards. L. may have four or 
five lines of the like perforations. M, and the relt, 
(hould gradually increate in their number as they ad- 
vance towards the middle of the hold, and continue 
fully perforated to the lad pipe, which fhould be clofed 
at its end to prevent the ingrefs of the corn. It is the 
centre of the cargo which mod requires ventilating, yet 
air fhould pervade the whole. Like the trade winds, 
it will direft its courfe to the part mod heated, and, 
having effe&ed its falutary purpofe there, will difperfe 
itfelf to refrefh the mafs. 

Where the hatches are clofe-caulked, to prevent the 
influx of water, vent-holes may be bored in convenient 
parts of the deck, to be banged up, and opened occa- 
fionally, from whence the date ol the corn may be 
known by the effluvia which afcend when the ventilator 
is working. 

The power of the ventilator is determined by the 
fquare of its diameter multiplied into the length of the 
droke, and that again by the number of drokes in any 
given time. 

The air-veflcl or forcing pump, with the red of the 
apparatus here defcnbed, is adapted to a veffel of 1 20 
tons burden ; but by lengthening the air veflel, extend- 
ing its diameter to 14 inches, and adding 10 inches 
more to the length of the droke, a power may be ob- 
tained of ventilating a cargo of 400 tons within the 
hour. If this machine be properly wrought for one 
hour every day, or even every two days, beginning the 
operations immediately when the corn is put on board, 
the cargo may be preierved from taint or injury of eve- 
ry kind during the longed voyage. 

VERDEN, a duchy of Germany, in the circle of 
.Lower Saxony. It is bounded on the ead and fouth 
by that of Lunenburg,; on the wed, by the Weler and 
the duchy of Bremen ; and on the north, by the duchies 
of Bremen and Lunenburg ; extending both in length 
and breadth about 28 miles. It confids chiefly of 
heaths and high dry lands; but there are good marlhes 
on the rivers Wefer and Aller. In 1712, the Danes 
wrefled this duchy from Sweden, and, in i7l5» ceded 
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it to the king of Great Britain, as elector of Hanover; Verdigris, 
which ctfiion, in 1718, was confirmed by the Swedes. —•"v—' 
The inhabitants are Lutherans. 

VERDIGRIS, or Acetite of Copper. See that 
article, Encycl. where an account is given of the pro- 
cefs by which verdigris was long manufactured. A 
different, and more economical procefs, however, has 
for fome years been pra&ifed in Montpellier, which is 
worthy of notice, becaufe it may be adopted in this 
country by fubdituting the hulks of goofeberries or cur- 
rants for thofe of grapes 

In the manufacture of verdigris, the materials are 
copper and the hulks of grapes after the lad prdfing. 
The copper is formed into round plates, half a line in 
thicknefs, and from twenty to twenty five inches in 
diameter. Each plate, at Montpellier, is divided into 
twenty-five laminae, forming almod all oblong fquares 
of from four to fix inches in length, three in breadth, 
and weighing about four ounces. They are beat fe- 
parately with the hammer on an anvil to finooth their 
furfaces, and to give the copper the neceffary confid- 
ence. Without this precaution it would exfoliate, and 
it would be more difficult to fcrape the furface in order 
to detach the oxydated crud. Befides this, fcales of 
pure metal would be taken off, which would haden the 
confumption of the copper. 

The hulks, which fhould not be too much preffed, 
are firil made to ferment by being put into clofe vats, 
and the fermentation is generally completed in three or 
four days. The time, however, mud vary according 
to the temperature in which they are kept, and other 
circumdances. Whild the hulks arc fermenting, a pre- 
liminary preparation is given to the copper plates. This 
confilts in diffolving verdigris in water in an earthen 
veffel, and rubbing over eacn plate with a piece of coarfe 
linen dipped in this folution. The plates are then im- 
mediately placed clofe to each other, and left in that 
manner to dry. Sometimes the plates are only laid on 
the top of the fermented hulk?, or placed under thofe 
which have been already ufed for canting the cooper to 
oxydate. It has been obferved, that when this opera- 
tion has not been employed, the plates grow black at 
the ftril operation, indead of becoming green. It is 
not, however, ueceffary to thofe which have been once 
ufed, and are to be uled again. 

When the plates are thus prepared, and the hulks 
have been brought to ferment, the workmen try whether 
the latter are proper for the procefs, by placing under 
them a plate of copper, and leaving it buried tiiere for 
twenty-four hours. If the pla'e, after this period, is 
found covered with a fmooth green crud, in fuch a 
manner that none of the metal appears, they are then 
thought fit for being difpofed in layers with the copper. 
On the other hand, if drops of water are obferved on 
the furface of the plates, the plates are laid to J\veat, 
and it is concluded that the heat of the hulks has not 
diffidently fubtided. They confequently defer making 
another trial till the next day. When they are affured 
that the hulks are in a proper date, they form them in- 
to layers in the following manner : 

The plates are all put into a box, which, inft^ad of 
having a bottom, is divided in the middle by a wooden 
grate. The plates difpofed on this grate are fo drong- 
ly heated by a chaffing-dilh placed under them, that 
the woman employed in this labour is fometimes obliged 

to * 
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Verdigris, to take them up with a cloth, in order that fhe may 
Verdun, jier hands. As foon as they have acquired 

that heat, they are put into jars m layers with the 
hulks. Each jar is then clofed with a coveting of 
ftraw, and left to oxydate. Thirty or forty pounds of 
copper, more or lei's according to the thicknels of the 
plates, are put into each jar. At the end of ten, twelve, 
fifteen, or twenty days, the jar is opened ; and if the 
hulks are white, it is time to take out the plates. The 
cryltals are then feen detached, and of a lilky appear- 
ance on their furface. The hulks are thrown hack, 
and the plates are put in what is called relai. For that 
purpofe they are immediately depofited in a corner of 
the cellar on fticks ranged on the floor. They are pla- 
ced in an upright pofition, one leaning againft the 
other; and at the end of two or three days they are 
moiltened, by taking them up in handfuls and immer- 
fing them in water in earthen pans. They are depofi- 
ted quite wet in their former pofition, and left there 
for feven or eight days; after which they are once or 
twice immerfed again. This immerfion and drying are 
renewed fix or eight times every feven or eight days. As 
the plates were formerly put into wine, thefe immerfions 
were called one ‘wine, two wines, three wines, according 
to the number of times. By this proctfs the plates 
fwell up, the green is nourilhed, and a coat of verdigris 
is formed on all their furfaces, which may be eafily de- 
tached by fcraping them with a knife. 

This verdigris, which is called frejh verdigris, motfl 
verdigris, is fold by the manufacturers to people who 
dry It for foreign exportation. In this firft Hate it is 
only a pafte, which is carefully pounded in large wooden 
troughs, and then put into bags of white leather, a foot 
in height and ten inches in diameter. Thefe bags are 
expofed to the air or the fun, and are left in that ftate 
till the verdigris has acquired the proper degree of dry- 
nefs. By this operation it decreafes about 50 per cent. 
more or lefs according to its primitive ftate. It is faid 
to Hand proof by the knife, when the point of that in- 
ftrument puihCd againft a cake of verdigris through the 
(kin cannot penetrate it. White lead may be made by 
a fimilar procefs. 

Cryjlallized Verdigris is manufa&ured at Montpel- 
lier in the following manner: A vinegar, prepared by 
the diftillation of four wine, is put into a kettle, and 
boiled on the common verdigris. After faturation the 
folution is left to clarify, and then poured into another 
kettle of copper, where it is evaporated till a pellicle 
forms on the furface. Sticks are then immerfed into 
it, and by means of fome packthread are tied to fpme 
wooden bars that reft on the edge of the kettle. Thefe 
fticks are about a foot long, and are fplit crofs-wife 
nearly two inches at the end, fo that they open into 
four branches, kept at about the diftance of an inch 
from each other by fmall bags. The cryftals adhere 
to thefe fticks and cover them entirely, forming them- 
felves into groups or clufters, of a dark blue colour, and 
a rhomboidal fhape. Each clufter weighs from five to 
fix pounds. Three pounds of moift verdigris are re- 
quired for one pound of the cryftals ; the undiffolved re- 
iiduum is thrown away. 

VE RDUN, an ancient, ftrong, and confiderable town 
or Trance, in the department of Meufe, and late pro- 
vince of Lorrain, with a bilhop’s Ice, and a ftrong ci- 

. tadel. Its fortifications were conltrudtcd by the Che- 

valier de Ville and Marlhal de Vauban. The latter was Vermifuge:' 
a native of this place. In 175,, great part of the ca- v——^ 
thedral was deftroyed by lightning. Verdun was taken 
by the Frnlfians in 1792, but retaken by the French 
foon after. The inhabitants are noted for the fine 
fweetmeais they make. It is feated on the river 
Maele, which runs through the middle, 42 miles fouth- 
weft of Luxemburg, and 150 eaft of Paris E. uon. 5° 
z8' N. Lat. 43‘J 9'. 

VERMIFUGE, a medicine which expels worms 
from the inteftines. Of thefe medicines numbers are 
daily advertifed in the newfpapers as infallible, though 
the ingredients of which they are compofed are care- 
fully kept fecret. We think it our duty therefore to 
affure our readers, that the medicines vended by quacks 
are generally the very fame that would be preferibed 
by a regular phyfician for the difeaie in which they are 
pretended to be fpecifics, with this only difference, that 
the unfeen and unprincipled quack generally preferibes 
them in more powerful dofes than the regular phyfician 
deems f&fe for his patient. Thus Ching’s famous worm 
medicine, which has been fo ftrennoufly recommended, 
is nothing more than mercury given in the very fame 
form in which it is given by every phyfician; but Ching 
gives it in dofes, which, though they have not injured 
the children of a bifhop and a judge, we have known to 
falivate other children to the great hazard of their lives. 
It is indeed wonderful that parents Ihould truft the 
health and the lives of their children to men whom 
they never faw, and whom they know to be not op- 
preffed with an over delicate fenfe of honour, in pre- 
ference to a man of fcience who has a chara&er to fup- 
port, and who is ptobably their friend, and almoft al- 
ways their acquaintance. 

Of the different vermifuges, however, it muft be con- 
feffed that the greater number are liable occafionally to 
fail. One of the moft powerful which we have men- 
tioned In the article Medicine, Encycl. is compofed of 
the fpiculae of the cowhage or cow-itch ; and fince that 
article was publilhed, it has come more into ufe, chiefly 
through the recommendation of Mr Chamberlaine fur- 
geon. He fays that a tea-fpoonful of the eledtuary 
(See Medicine, Encycl. p. 342.) may be fafely given 
to a young child, and one or even two table fpoonfuls 
to adults. The medicine is to be taken in the morn- 
ing falting; and the dole to be repeated for two or 
three mornings, after which a gentle purge completes 
the cure. This medicine, however, Mr Chamberlaine 
prohibits in every cafe where there is a tendency to in- 
flammation in any part of the inteftinal canal, or where 
the mucus has been carried off or greatly diminiflied by 
dylentery or any other caufe. 

Dr Haemmerlin of Ulm has lately recommended as 
a very powerful and fafe vermifuge the coraline of Cor- 
lica, and lays that it has been fo ufed in that ifland with- 
complete iuccefs from time immemorial. It is a fucus 
adhering to the rocks waffit 1 by the fea, and fometimes 
to the ftones and Ihells thrown upon the Ihore. It is 
found in little tufts. It is generally of a yellow colour, 
with a reddilh tinfture. When dried, as it appears 
when offered for fale, it contains a ftrong fmell of the 
fea. It confifts of little cartilaginous italks, with full 
threads, gradually cylindrical and tubulated. Its tafte 
is fait and unpleafant. In the fyftem of plants of Lin- 
naeus, it belongs to the clafs cryptogamia. Its moft com- 
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Vermont, mon names are, fea-rock mofs ; the Grecian herb ; le- 

Vefpa. mithochorton ; and the coraline of Corfica. It is the 
conferva helmlnthortos of Schwendimann, and the fucus 
helmintbocorton of Latourette. There is reafon to think 
that all thofe fpecies of fucus whofe texture is foft and 
fpungy, might be applied to the fame medicinal ufes. 
There is a fort of red coraline found in Sweden which, 
according to fome writers, is a greater deftroyer of 
worms than any other known fubftance ; being not too 
ftrong for the llomach either of infants or of adults. 
Schwendimann afferts that the conferva dichotoma of Lin- 
nteus, which is found in the ditches in England, bears 
a ftrong analogy to the coraline of Corfica. Might 
not this conferva be tried as a vermifuge ? The Cor- 
tican coraline is in great eftimation in the pharmaco- 
pceias of the Continent, efpecially in that of Geneva, in 
which is given a recipe for preparing a iyrup of it. 

VERMONT, one of the United States of North 
America, bounded on the north by Canada ; on the 
eaft, by the river Connecticut, which divides it from 
New Hampfhire ; on the fouth, by MaHachufets ; and 
on the weft, by New York. It is about 155 miles 
long, and 60 broad, and is divided into 7 counties. A 
chain of high mountains, running north and fouth, di- 
vides this ftate nearly in the centre, between the river 
Connecticut and lake Champlain. The height of land 
is generally from 20 to 30 miles from the river, and 
about the fame diftance from the New York line. The 
natural growth upon this mountain is hemlock, pine, 
fpruce, and other evergreens : hence it has always a 
green appearance, and, on this account, has obtained 
the defcriptive name of Vermont, from the French Verd 
Mont, Green Mountain. On fotne high parts of this 
mountain, fnow lies till May, and fometimes till July. 
The country is generally hilly, but not rocky. It is 
finely watered, the foil is very fertile, and there is not 
a better climate in the world. The inhabitants have 
very lately been eflimated at ioo,oco. The bulk of 
them are emigrants from Connecticut and Mafiachufets. 
The principal town is Bennington, but the aflembly 
generally hold their fefiions at Windfor. 

VESPA (See EncycL). A new fpecies of this ge- 
nus of infeCts has been lately defcribed by Cuvier, in a 
note read before the Philomathic Society of Paris. It 
has fome refemblance to the vefpa nidu/ans of Fabricius, 
which, as is generally known, is a native of certain 
parts of America. The nefts of the vefpa nidulans are 
conftruCted of a very fine web, of a very folid and pret- 
ty white pafte. Their form is that of a bell clofed up- 
on all fides, excepting a narrow hole at the bottom; 
and they are fufpended from the branches of trees. 

The vef[>a defcribed by Cuvier, which is a native of 
Cayenne in America, has in general more volume than 
the preceding fpecies, and its palte is grey, coarfer, lefs 
homogeneous, and lefs folid. The bottom of its neit 
alfo, in lieu of being fhaped funnel-like, is flat, and the 
orifice appears at one of the fides of the bottom part, 
and not in the middle. In the country where it is found, 
this fpecies of wafp is called the tatou Jly (mouche tatou). 
It differs greatly in form from that which Fabricius has 
defcribed ; it is all entirely of a fhining black ; the firff 
articulation, or joint of its abdomen, is narrow, and in 
form of a pear ; the fecond, larger than the others, is 
in form of a bell: the wings are brown. The follow, 
ing is the chara&er afiigned to it by Cuvier: 

Vefpatatua, Nigra, Nitida, Alis fufcis, abdomine fedi- Vefpertilio. 
cellato. “' r 

VESPERTILIO (fee Encyd.) has been fubje&ed 
to fome cruel, but curious experiments, by the Abbe 
Spallanzani and M. de Jurine. The former of thefe 
philofbphers having let loofe feveral bats in a chamber 
peifeftly dark, found that they flew about in it with- 
out any impediment, neither rufhing againft any thing 
in the apartment, nor touching the walls with their 
wings. This furprifed him ; but imagining that they 
were condudted by fome glimpfe of light which he did 
not perceive, he blindfolded them with a fmall and very 
clofe hood. They then ceafed to fly ; but he obferved, 
at the fame time, that this did not proceed from any 
deprivation of light, but rather from the conitraint 
thence occafioned, efpecially when a hood of a very 
light texture was attended with the fame effe£t. 

He then conceived the idea of palling up the eyes of 
the bats with a few drops of fire or gum ; but they ftill 
flew about in the fame manner as if their eyes had been 
open. As this, however, was not fuflicient, he palled up 
the eyes of thefe animals with round bits of leather ; and 
this even did not impede them in their flight. 

That he might at length be certain of his objetl, he 
blinded them entirely, either by burning the cornea 
with a red hot wire, or by pulling out the pupil with a 
pair of fmall pincers, and fcooping out the eye entirely. 
Not contented even with this precaution, he covered 
the wounds with pieces of leather, that the light might 
have no influence whatever on the remains of the organs 
which had been dellroyed. The animals feemed to fuf- 
fer very much by this cruel operation ; but when they 
were compelled to ufe their wings, either by day or by 
night, and even in an apartment totally dark, they flew 
perfedly well, and with great caution, towards the 
walls, in order to fufpend themfelves when they wilhed 
to reft. They avoided every impediment, great or fmall, 
and flew from one apartment to another, backwards 
and forwards, through the door by which they were 
connected, without touching the frame with their wings. 
In a word, they (hewed themfelves as bold and lively in 
their flight as any other animals of the fame fpecies 
which enjoy the ufe of their eye-fight. 

Thefe experiments were repeated by M« Jurine, and 
with the fame refults. Spallanzani had fuppofed that 
the bat poffeffed fome organ or fenfe which is wanting 
in the human fpecies, and which fupplies to thefe ani- 
mals the place of vifion ; and Jurine determined to af- 
certain the truth or falfehood of this hypothefis by ana- 
tomical refearches. During the courfe of thefe, he 
found the organ of hearing very great in proportion to 
that of other animals, and a confiderable nervous appa- 
ratus afligned to that part. The upper jaw alfo is fur- 
nifhed with very large nerves, which are expanded in a 
tiffue on the muzzle. 

M. Jurine then extended his experiments to the or- 
gan of hearing and that of fmell. Having put a fmall 
hood on a long^eared bat, it immediately pulled it off, 
and flew. He flopped up its ears with cotton ; but it 
freed itfelf in the like manner from that inconvenience. 
He then put into its ears a maftic of turpentine and 
wax. During the operation the animal (hewed a great 
deal of impatience, and flew afterwards very imperfe&Iy. 

A long-eared bat, the ears of which had been bound 
up, flew very badly : but this did not arife from any 
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Vrff irtilio.pain occafionci by the ligature ; for when its ears were 
Vib ation fewed up, it flew exceedingly well. In all probability 

, f t^ures. animal would have preferred having its ears bound 

up to having them fewed. Sometimes it flew towards 
the cieling, exrend'ng its muz/.le before it fettled. 

M. Jurine poured liquid pomatum into the ears of a 
bat which enjoyed the ufe of its fight. It appeared to 
be much affeAed by this operation ; but when the fub- 
flance was removed it took flight. Its ears were again 
filled, and its eyes were taken out ; but it flew then 
only in an irregular manner, without any certain or fix- 
ed dire&ion. 

The ears of a horfe-fhoe bat, which had the ufe of its 
-fight, were filled with tinder mixed with water. It 
was uneafy under the operation, and appeared after- 
wards reftlefs and ftunned ; but it conduced itfelf tole- 
rably well. On being blinded, it rufhed with its head 
againll the cieling, and made the air refound with 
ftrokes which it gave itfelf on the muzzle. This ex- 
periment was repeated on other bats with the like ef- 
fe&s. 

The tympanum of a large horfe-fiioe bat was pierced 
with a pin (trois quart). The animal appeared to fuf- 
fer much from the operation, and fell down in a per- 
pendicular diredlion when thrown into the air. It died 
next morning. The fame effe6l was produced on pier- 
cing the tympanum of a long eared bat with a needle. 

The author then made very accurate refearches on 
the difference between the organifation of the brain of 
thefe two kinds of bats ; and, after a careful difle&ion, 
found that the eye of the long-eared bat is much larger 
than that of the horfe-fhoe bat, but that the optic 
nerve is proportioned to it. The outer part of the ear 
of the former is much larger than that of the latter, but 
the interior part is fmaller. 

The horfe flioe bat is indemnified for this difference 
by a greater extenfion of the organ of fmell, as evident- 
ly appears when the external elevations and irregulari- 
ties of its muzzle are examined. When it is about to 
take flight, it agitates its nofe much more than the long- 
eared bat. 

From thefe experiments, the author concludes .* Firjl, 
1 hat the eyes of the bat ate not indifpenfably neceflary 
to it for finding its way ; fecomlly. That the organ of 
hearing appears to fupply that of fight in the dilcovery 
of bodies, and to furnifh thefe animals with different 
fenfations to diretl their flight, and enable them to a- 
void thofe obftacles which may prefent themfelves. 

VIBRATION Figur t s, are certain figures, form- 
ed by fand or very dry faw-dult, on a vibrating furface, 
which is connedtd with the fenfation of found in our 
organs of hearing. If the furface, on which the figures 
are to be formed, be ftrewed over with bodies eaiily put 
ia motion, thefe, during the vibration, remain on the 
parts at reft, and are thrown from the parts in motion. 
The form of the parts at reft, which will be (hewn by 
the fand that remains unmoved, and which, in general, 
is fymmetric, is called a vibration Jigure. To produce 
fuch a figure, nothing is neceflary but to know the me- 
thod of bringing that part of the furface which you wifh 
not to vibrate into a ftate of reft, and of putting in mo- 
tion that which you wifh to vibrate. On this depends 
the whole expertnefs of producing vibration figures. 

Thus take a fquare piece of glafs, pretty thin, and very 
finooth, fuch as that ufed for windows, about four or 

five inches over, or even more. Smooth it at the edges Vibration 
on a grinding-ftone ; ftrew a little faw-duft over its fur- 
face, and lay hold of it gently with the thumb and fore- Viera 

finger of the left hand. Holding it thus by the middle, 'r~W 

with the right hand rub a violin bow foftly againft one 
of its edges, drawing the bow either up or down in a 
direction almoft perpendicular to the furthce of the 
glafs, and you will fee a tremulous movement, and the 
whole dull leap about. If the bow be exactly in the 
middle of one of the fides, the duft will arrange itfelf 
almoft in the direttion of the two diagonals, dividing 
the fquare into four ifofceles triangles, if the bow be 
applied at a quarter only of the diftance of the one cor- 
ner from the other, the duft will arrange itfelf in fuch a 
manner as to be found in thetvvodiametersof the fquare, 
dividing it into four equal fquares. At other times, 
when the bow diviates a little, the duft forms a figure 
like a double C, when the two letters are joined back 
to back. If the fquare be held by the two extremities 
of the diameter, oppofite to that againft which the bow 
is applied, the duft will form a kind of oval, one of tiie 
axes of which will be the fame diameter. If the glafs 
be of a circular figure, and be held by the middle, the 
duft will arrange itfelf in fuch a manner as to form the 
fix radii of a regular hexagon. Thefe difeoveries were 
made by Dr Chladni, about the time that he invented 
the mufical inftrument,to whichhe gave the name of eu- 
phon (fee that article, Suppl.) ; and as he found the vi- 
bration figures to vary in form with the various tones 
produced by the vibrating fubftances, a profecution of 
his experiments may probably contribute to throw new 
light on the philofophy of mufical founds. We ftiall 
therefore give, from the 3d volume of Nettes Journalder 
Phyfth, by profeflbr Gren, a few- dire&ions for making 
fuch experiments. 

Any ioi t of glafs may be employed, provided its fur- 
face be Imooth ; and when the plate has acquired the 
proper vibration, it (hould be kept in that ftate for 
lome feconds, by continuing to rub it with the bow. 
The figures will thus be accurately formed. 

Such plates Ihoukl be procured as are pretty equal in 
thicknefs. It may be faid, in general, that a plate the 
thinner it is will be fo much the fitter for thefe experi- 
ments, though in this refpeft there is a certain mini- 
mum. In fmall plates, fuch as thofe that are circular, 
and not above fix inches in diameter, the oblervation is 
general ; but in larger plates too great thinnefs is pre- 
judicial. Befides, it will be found that very thin glafs 
is commonly very uneven, and mult therefore be unfit 
for the experiments. 

In pradtifing the experiments, it will be proper to 
have plates of different lizes ; and the fand employed 
fhould not be too fine. In other words, it muft be of 
luch a nature that when you incline the glafs-plate it 
may readily roll off; becaufe, in that cafe, it will be 
eafily thrown from the vibrating parts. It will be of 
advantage that it be mixed with fine duff, which (hews 
peculiar phenomena during the experiments, as it col- 
lects itfelf at one place of the vibrating part. 

Fhe plate muft be equally beftrewed with fand, and 
not too thick, as the lines will then be exceedingly fine, 
and the figures will acquire a better defined appearance. 

VIE l A (Francis), a very celebrated French ma- 
thematician, was born in 154® ^ Fontenai, or Yonis- MatbematU 
nai-le-Comte, in Dower Poitou, a province of France. 

He ^ 
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View. He was Matter of requefts at Paris, where he died in 

1603, being the 63d year of his age. Among other 
branches of learning in which he excelled, he was one 
of the moft refpe&able mathematicians of the 16th cen- 
tury, or indeed of any age. His writings abound with 
marks of great-originality, and the finett genius, as well 
as intenfe application. His application was fuch, that 
he has fometi.nes remained in his ftudy for three days 
together without eating or fleeping. His inventions 
and improvements in all parts of the mathematics were 
very conliderable. He was in a manner the inventor 
and introducer of Specious Algebra, in which letters 
are ufed inttead of numbers, as well as of many beau 
tiful theorems in that fcience. He made alfo conti- 
derable improvements in geometry and trigonometry. 
His angular lections are a very ingenious and ma- 
fterly performance : by thefe he was enabled to refolve 
the problem of Adrian Romanus, propufed to all ma- 
thematicians, amounting to an equation of the 45th 
degree. Romanua was fo {truck with his fagacity, that 
he immediately quitted his refulence of Wirtzbourg in 
Franconia, and came to France to vifit him, and lolicit 
his friendihip. His Apollonius Callus, being a reite- 
ration of Apollonius’s tradt on Tangencies, and many 
other geometrical pieces to be found in his works, ih.ew 
the fineft tafte and genius for tiue geometrical Ipecula- 
tions. — He gave fome malterly tracts on Trigonometry, 
both plane and fpherical, which may be found in the 
colle6tion of his works, publilhed at Leyden in 1646, 
by Schooten, belides another large and feparate volume 
in folio, publilhed in the author’s life-time, at Pans, in 
1579, containing extenfive trigonometrical tables, with 
the conftruCtion and ufe of the fame, which are particu- 
larly delcribed in the introduction to Dr Hutton's Lo- 
garithms, p. 4. &c. To this complete treatife on tri- 
gonometry, plane and fpherical, are fubjoined feveral 
mifcellaneous problems and obfervacions ; fuch as, the 
quadrature of the circle, the duplication of the cube, 
&c. Computations are here given of the ratio of the 
diameter of a circle to the circumference, and of the 
length of the fine of I minute, both to a great many 
places of figures ; by which he found that the fine of 
1 minute is 

between 20088819jg 
and 2908882056; 

alfo the diameter of a circle being 1000, &c. that the 
perimeter of the inferibed and ciicumfcribed polygon of 
393216 fides will be as follows, viz. the 

perim. of the inferibed potygon - 31415926535 
perim. of the circumfcribed polygon 3i4i5926;37 

and that therefore the circumference of the circle lies 
between thofe two numbers. 

Vieta having obferved that there were many' faults 
in the Gregorian Kalendar, as it then exifted, compo- 
fed a new form of it, to which he added perpetual ca- 
nons, and an explication of it, with remarks and ob- 
jeftions againft Clavius, whom he accufed of having de- 
formed the true Lelian reformation, by not rightly un- 
derftanding it. 

Befides thefe, it feems a work, greatly efteemed, and 
the lofs of which cannot be fufficiently deplored, was his 
Harmonicon Calejle, which, being communicated to fa- 
ther Merfenne, was, by fome perfidious acquaintance of 
that honeft-minded perfon, furreptitioufly taken from 
him and irrecoverably loft, or fuppreffed, to the great 
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detriment of the learned world. There were alfo, it is Vlntain 
laid, other works of an aftronomical kind, that have .!! 
been buried in the ruins of time. ^1“,,ri 

Vieta was alfo a profound decipherer, an accomplifii- 
ment that proved very ufeful to his country. As the 
different parts of the Spanifli monarchy lay very diftant 
from one another, when they had occafion to comma 
nicate any fecret defig ns, they wrote them in ciphers 
and unknown chara&ers during the diforders of the 
league. i’he cipher was compofed of mo-e than 500 
different charadfers. winch yielded their hidden contents 
to the penetrating genius of Vieta alone. His (kill fo 
difconcerted the Spaniih councils for two years, that 
they publifhed it at Rome, and other parts of Europe, 
that the French king had only difeovered their ciphers 
by means of magic. 

VINT A IN, a town, fituated about two miles up a 
creek on the fouthern fide of the river Gambia. It i< 
much reforted to by Europeans, on account of the 
great quantities of bees-wax which are brought hither 
for fale. The wax is colle&ed in the woods by the Fe- 
loops, a wild aud unfociable race of people. Their 
country, which is of confiderable extent, abounds in 
rice ; and the natives fupply the traders, both on the 
Gambia and Caffamanfa rivers, with that article, and 
alfo with goats and poultry, on very reafonable terms. 
The honey which they colledrt is chiefly ufed by thera- 
felves in making a ftrong intoxicating liquor, much the 
fame as the mead which is pioduced from honey in 
Great Britain. 

In their tiafilc with Europeans, the Fcloops general- 
ly employ a factor, or agent, of the Mandingo nation, 
who fpeaks a little Englifh, and is acquainted with the 
trade of the river. This broker makes the bargain ; 
and, with the connivance of the European, receives a 
certain part only of the payment ; which he gives to 
his employer as the whole; the remainder (wdiich is 
very ttuly called the cheating money) he receives when 
the Feloop is gone, and appropriates to himfelf as a re- 
ward for his trouble. Vintain, according to Mr Park, 
from whofe valuable travels this account of the Feloops 
is taken, is fituated in 130 9' North Lat. and 1 56' 
Long. Weft from Greenwich. 

VIRGINITY', the teft or criterion of a virgin ; or 
that which intitles her to the denomination. See Hy- 
men, Encyci. 

VISION. In the article Optics, n° 194. (Encyc/.), 
it is laid, that as we have a power of cortra&ing or re- 
laxing the iigamtnta'ciiiaria, and thereby altering the 
form of the cryftalline humour of the eye, we hence lee 
objedls dilfinftly at different diltances. It appears, 
however, from fome experiments made by Mr Everard 
Home and Mr Ramfden, in the year 1794, that this 
power of contracting and relaxing the ligamenta cilia- 
ria is not alone fufficient to account for the phenome- 
non. Converfing with Mr Home on the different ufes 
of the ehryftalline humour, Mr Ramfden laid, that as 
that humour “ confifts of a fubftance of different den- 
fities, the central parts being the moft compact, and 
from thence diminifhing in denlity gradually in every 
direction,approaching the vitreous humour on one fide, 
and the aqueous humour on the other, its refraCtive 
power becomes nearly the fame with that of the two 
contiguous fubftances. That fome philofophers have 
ftated the ufe of the cryftalline humour to be, for ac- 
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conimodati.'ig the eye to fee objefts at diiTercnt diftan- 
cea ; but the firmnefs of the cental parr, and the very 
imall difference between its refractive power nepr the 
circumference and that of tire vitreous or the aqueous 
humour, feenied to render it unf.t for that purpofe ; its 
rmincipal ufe rather appearing to be for correcting the 
aberration arifng from the fpherical figure of the cor- 
nea, where the princip?.! part of the refr<«£tion talces 
place, producing the lame efTedt that, in an achromatic 
ofjeCt glafs, we obtain in a lefs perfect manner by pro- 
portioning the radii of curvature of the different lenfes. 
In the eye the correction feems cerfect, wliich in the 
object-glafs can only be an approximation ; the contra- 
ry abenations of tlie l -nles not having the fame ratio : 
fo that, it this aberration be perfectly corrected, at any 
given didance from the centre, in every other it rnuft 
be in fome degree imperftdl. 

“ Purfuing the fame comparifon : In the achromatic 
objedt-glafs we may conceive ho.v much an objeft muff 
appear fainter from the great quantity of light loft by 
reflection at the furfsces of the different lenfes, there 
being as many primary reflections as there are furfaces ; 
and it would be fortunate if this rrfleCteu light was to- 
tally loft. Part of it is again reflected towaids the eye 
by the interior fur faces of the lenfes ; which, by dilu- 
ting the image formed in the focus of the objedt-glais, 
makes tl at image appear far lefs bright than it would 
ether wile have done, producing that milky appearance 
fo often complained of in viewing lucid objedts through 
this fort of telefcope. 

“ In the eye, the fame properties that obviate this de- 
fect, fet ve alto to correct the errors from the fpherical 
figure, by a regular diminution of denfity, from the 
centre of the cry flail: ne outward. Every appearance 
fhews the eryflalltne to confifl of laminae of different 
denfities; and if vve examine the junction of different 
media, having a very fmall diffeience of refraClion, we 
(hall find that we may have a fenfiblc refraction with- 
out refleCtion. Now, if the difference between the con- 
tiguous media in the eye, or the laminae in the cryftal- 
line, be very fmall, we fhall have refraCtion without ha- 
ving reflection : and this appears to be the flate of the 
rye ; for although we have two furfaces of the aqueous, 
two of the cryflalline, and two of the vitreous humour, 
yet we have only one refkCttd image ; and that being 
from the anterior furfuce of the cornea, there can be 
no furface to refleft it back, and dilute an image on 
the retina. 

“ This hypothefis may be put to the teft whenever ac- 
cident fhall furnifh us with a fubjeft having the cryflal- 
line extracted from one eye, the other remaining per- 
fect in its natural (late ; at the fame time we may af- 
certain whether or no the cryllalline is that part of the 
organ which ferves for viewing objeAs at different di- 
ilances diftinCtly. Seeing no reflection at the furface 
of the cry ff alii ne, might lead fome perfons to infer that 
its refraCtive power is very inconfiderable; but many 
circumftances {hew the contrary : yet what it really is 
may be readily afeertained by having the focal length 
and diitance of a lens from the operated eye, that ena- 
bles it to fee objeCts the moft diltinCtly; alfo the focal 
length of a lens, and its dillance from the perfeCt eye, 
that enables it to fee objeCts at the fame diftance as the 
imperfeCt eye: thefe data will be fufficient whereby to 

calculate the refraCtive power of the cryflalhne with 
confiderable precifion. 

“ Again, having the fpherical aberration t>f the dif. 
ferent humours of the eye, and having afeertained the 
refraCtive power of the cryftalline, we have data from 
whence to determine the proportional increafe of its 
denfity as it approaches the central part, on a fupoolx- 
tion that this property coneCts the aberration. 

“An opportunity prefented itfelf for bringing the 
obfervations of Mr Ramfden, refpeCting the uie of the 
cryflalline lens, to the proof. A young man came in- 
to St George’s Hofpital with a cataradl in the right 
eye. The cryftalline lens was readily extracted, and 
the ••••ton of the wound in the cornea took place unat- 
tended by inflammation ; lo that the eye fuffered the 
fmallcft degree of injury that can attend fo feve-e an 
operation. The man himfelf was in health, 21 years 
of age, intelligent, and his left eye perfed : the other 
had been an uncommonly {hurt time in a difeafed ftate, 
and 27 days after the operation appeared to be free 
from every other dcTect but the lofs of the cryftalline 
lens. 

Vifiojr. 

“ A number of experiments were made on the irru 
perxedeye, afiuled by a lens, and compared with the 
perfed eye. i he aim of thefe trials, which were ju- 
dicioufly varied, was to afeertain w hether the eye which 
had been deprived of the cryftalline lens was capable of 
acfjufting itklf to diftind vifion at different diflanees. 
Among ether refults, the perfed eye, with a glafs of 
6^ inches locus, had diftind vifion at 3 inches ; the 
near limit was ijj inch, the diftant limit lefs than 7 
inches. The imperfed eye, with a glais 2 A, inches 
focus, with an aperture ^ths of an inch, had diftinCt 
vifion at 2 l inches, the near limit 11 inch, and the di- 
ftant limit 7 inches, i he accuracy with which the eye 
was brought to the fame point, on repeating the expe- 
riment, proved it to be uncommonly corred ; and as 
he did not himfelf fee the fcale ufed for admeafurement* 
there could be no fource of fallacy. From the refult of 
this experiment, it appears that the range of aujuftment 
of the imperfed eye, when the two eyes were maae to 
fee at nearly the fame focal diftance, exceeded that of 
the perfed eye. Mr Ramfden fuggefted a reafon why 
the point of diftind vilion of the irnperfed eye might 
appear to the man himfelf nearer than it was in reality; 
namely, that from the imperfedi.m of this organ he 
might find it eafier to read the letters when they fub- 
ttiided a greater angle than at his real point of diftind 
viiion. 'i he experiments, however, appear to fhewthat 
the internal power of the eye, by which it is adjufted 
to fee at different diflances, does not refide in the cry- 
ftalline lens, at leaft not altogether ; and that if any 
agency in this refped can be proved to refide in the 
cryftalline, the other powers, whatever they may be, 
are capable of exertion beyond their ufual limits, fo as 
to perform its office in this refped. 

“ I’rom theie conliderations, and in confequence of 
other refledions tending to Ihew that an elongation of 
the optical axis is not probably the means of adjuflment, 
thefe philofophers direded their enquiries to afeertain 
how far the curvature of the cornea might be fubjed to 
change. I hey found by trial that this part of the or- 
gan poffeffes a degree of elafticity which is very confi- 
deiable, both for its perfedion and its range ; and by 
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anatomical difie&ion it was found that the four ftraight 
mufcles of the eye do in effect terminate in the cornea 
at their tendinous extremities ; that the whole external 
lamina cf the cornea could by gentle force be feparated, 
by means of thefe mufcles, from the eye ; fo that the 
tendons feem loft in the cornea, and this laft has the 
appearance of a central tendon. It was alfo fcen that 
the central part of the cornea is the thickeft and the 
moft elaftic. 

“ Thefe were confiderable advances towards eftablifti- 
ing the hypothefis of adjuftment by the external curve 
of the eye. It remained to be ftiewn, by experiments 
on the living fubjeft, that this curve does really vary in 
the due direction, when the mind perceives the diftincl: 
vifible fenfation of objedls at different diftances. For 
this purpofe Mr Ramfden provided an apparatus, con- 
fifting of a thick board fteadily fixed, in which was a 
fquare hole large enough to admit a perfon’s face ; the 
forehead and chin refting againft the upper and lower 
bars, and the cheek againft either of the fides ; fo that 
when the face was protruded, the head was fteadily 
fixed by refting on three Tides; and in this pofition the 
left eye projefted beyond the outer furface of the board. 
A microfcope, properly mounted, fo as with eafe to be 
fet in every requifite pofition, was applied to view the 
cornea with a magnifying power of thirty times. In 
this fituation, the perron whofe eye was the obje& of 
experiment was defired to look at the corner of a chim- 
ney, at the diftance of 235 yards, through a fmall hole 
in a brafs plate, fixed for that purpofe, and afterwards 
to look at the edge of the hole itfelf, which was only 
fix inches diftant. After fome management and cau- 
tion, which the delicate nature of thefe experiments re- 
quires, the motion of the cornea, which was immediate- 
ly perceptible, became very diftinft and certain. The 
circular feftion of its furface remained in a line with the 
wire in the field of the microfcope, when the eye was 
adjufted to the diftant object, but projected confiderably 
beyond it when adapted to the near one. When the 
diftant obje£t was only 90 feet from the obferver, and 
the near objeft fix inches, the difference in the promi- 
nence of the cornea was ellimated at 1-Booth of an 
inch. Thete experiments were repeated and varied at 
different times and on different fubjefts. The obferver 
at the microfcope found no difficulty in determining, 
from the appearance of the cornea, whether the eye 
was fixed on the remote or the near object. 

“ From thefe different experiments Mr Home con- 
fiders the following fa<fts to have been afcertained: 

“ 1. That the eye has a power of adjuiling itfelf to 
different diftances when deprived of the cryltalline lens; 
and therefore the fibrous and laminated ftrmfture of that 
lens is not intended to alter its form, but to prevent re- 
flexions in the pafiage of the rays through the furfaces 
of media of different deniities, ard to correX fpherical 
aberration. 

“ 2 That the cornea is made up of laminae ; that it is 
elaftic, and when ftretched is capable of being elonga- 
ted 1-1 ith part of its diameter, contraXing to its for- 
mer length immediately upon being left to itlelf. 

“ 3. that the tendons of the four ftraight mufcles of 
the eye are continued on to the edge of the cornea, and 
terminate, or are inferted, in its external laminae : their 
aXion will therefore extend to the edge of the cornea. 

“ 4. That in changing the focus of the eye from fee- 

ing with parallel rays to a near diftance, there is a vi- 
fible alteration produced in the figure of the cornea, 
rendering it more convex ; and when the eye is again 
adapted to parallel rays, the alteration by which the 
cornea is brought back to its former ftate is equally vi- 
fible.’* 

Mr Home made many other experiments with a view 
to throw light upon this curious fubjeX ; and the refult 
of the whole appears to be, that the adjuftment of the 
eye is produced by three different changes in that or- 
gan ; an increafe of curvature in the cornea, an elonga- 
tion of the axis of vifion, and a motion of the cryltal- 
I*ine lens. Thefe changes, in a great meafure, depend 
upon the contraXion of the four ftraight mufcles of the 
eye. Mr Ramfden, from computations grounded on 
the principles of optics and general ftate ot the faXs, 
eftimates that the increafe of curvature of the cornea 
may be capable of producing one-third of the effeX, 
and that the change of place of the lens, and elonga- 
tion of the axis of vifion, fufficiently account for the 
other two-thirds of the quantity of adjuftment neceffary 
to make up the whole. 

VITALITY, the power of fubfifting in life, which 
the fafhionable philofophers of the French and German 
fchools attribute to chemijlry. For a confutation of 
their abfurd and impious jargon on this fubjeX, we re- 
fer our readers, with fome degree of confidence, to the 
articles Physiology {EncycL)^ and Animal Substan- 
crs ( Suppl.) 

VIVERRA (fee Encycl.) A new foecies of this 
genus of animals was dilcovered by Vaillant during his 
laft travels in Africa; at leaft he ranks under the gene- 
ric name Fiverru, the animal of which he gives the fol- 
lowing defcription. Its body was of the fize of that 
of a kitten fix months old : it had a very large nofe, 
the upper jaw exceeding the lower near two-thirds of 
an inch in length, and forming a fort of moveable fnout 
refembling that of the coati of Guiana. The fore feet 
were armed v/ith four large claws, very fharp and cur- 
ved ; the hind ones have each five, but they are fhort 
and blunt. All the fur on the upper part of the body 
is marked with crols bands of a deep brown colour, on 
a ground of light brown with which many white hairs 
are intermixed. The lower part of the body and in- 
iides of the legs are of a reddifh white. The tail, which 
is very flefhy, and more than two thirds longer than the 
body, is black at the tip, and the reft brown, intermix- 
ed with white hairs. 

This animal employs its fore paws to dig very deep 
holes in the earth, in which it remains concealed during 
the day, not going out till fun-fet in queft of food. 

The Hottentots who accompanied our traveller call- 
ed it muys-hond (a mo 11 ft dog) ; a general name among 
the inhabitants of the Cape for all the (mailer carnivo- 
rous quadrupeds 

VIVES (Ludovicus), the contemporary and friend 
of Erafmus, was a native of Valentia in Spain. Though 
well trained in all the fubtleties of the fcholaftic phikffo- 
phy at Paris, he had the good fenfe to difeover its futi- 
lity, and diligently applied himfelf to more ufeful (In- 
dies. At Louvain he undertook the office of a precep- 
tor, and exerted himfelf with great ability and fuccefs 
in correXing burbarifm, chaftiling the corrupters of 
learning, and reviving a tafte for true fcience and ele- 
gant letters. Erafmus, with whom he lived upon the 
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Vive«, footing of intimate friendfhip, fpeaking of Vives when 

riitc^2" only 26 years of age, fays, tliat there was no 
- - ‘ ■ part of philofopliy in w*hich he did not excel ; and that 

he had made fuch proficiency in learning, and in the 
arts of fpeaking and writing, that he fcarcely knew his 
equal. He wrote a commentary upon Auguttine’s trea- 
tife De Civitate Dei, which difcovcrs an extenfive ac- 
quaintance with ancient philofophy. Henry VIIf. of 
England, to whom he dedicated this work, was fo plea- 
ltd with it, that ne invited the author to his court, and 
made him preceptor to his daughter Mary. Though 
he difeharged his office with great fidelity, yet in con- 
lequtnce of his oopofition to the king’s divorce, he fell 
under his difpleafure ; and it was not without difficulty 
that he efcaped to Bruges, where he devoted the re- 

mnainder of his days to ftudy. He died in the year 
11>37, or, according to Thuanus, in 1541. With E- 
rafmus and Buddaeus he formed a triumvirate of litera- 
ture which did honour to the age. He wrote De Pri- 
ma Philojophia, “ On the Firft Philofophy De Ex- 
planations EJfentiarum, “ On the Explanation of Eflen- 
ces De Cenfura Veri, “ On the Tell of Truth 
JJe Initiis, Scfiis, et Laudibrn Philofophia, “ On the O- 
rigin, Sedts, and Praifes of Philofophy and De-Cor- 
ruptis Art thus et Tradendis Difcipiinis, “ On the Cor- 
ruption of Science, and on Education.” Thefe wri- 

s tings, of which the two laft are the moft valuable, dif- 
cover great flrength of judgment, an extenfive know- 
ledge of philofophy, much enlargement of conception, 
uncommon fagacity in detecting the errors of ancient 
and modern philosophers, particularly of Ariftotle and 
lu’s followers, and, in fine, a mind capable of attempt- 
ing things beyond the ftandard of the age in which he 
lived. To all this he added great perfpicuity and ele- 
gance of ilyle, not unworthy of the friend of Erafmus. 

ULTRAMARINE is a very fine blue powder, al- 
moll of the colour of the corn-flower or blue-bottle, 
which has this uncommon property, that, when expo- 
fed to the air or a moderate heat, it neither fades nor 
becomes tarnifhed. On this account it is ufed in paint- 
ing; but it was employed formerly for that purpofe 
much more than at prefent, as fmalt, a far cheaper ar- 
ticle, wms not then known. (See Cobalt, in this 
SuppL) Ultramarine is made of the blue parts of the 
lapis lazuli, by feparating them as much as poffible from 
the other coloured particles with which they are mixed, 
and reducing tbem to a fine po wder. The real lapis 
lazuli is found in the mountains of that part of Tartary 
called Bucharia, which extends eaflwards from the Caf- 
pian fea, and particularly at Kalab and Budukfchu. It 
is fent thence to the Eall Indies, and from the Eafl 
Indies to Europe. Good ultramarine muil be of a 
beautiful dark colour, and free from fand as-well as every 
other mixture. It mult unite readily with oil; it mull 
not become tamilhed on a red-hot tile or plate of iron, 
aqd it ought to diffolve in ftrong. acida, almolt like the 
zeolite, without caufing an tfFervefcsnce. In the year 
1 763, an ounce of it at Paris cod four pounds fterling, 
and an ounce of cendre ri’ottfretner, which is the refufe, 
two pounds. The bafis of this colour was long fuf- 
pedted to be copper, but the experiments of Margraff 
iheyved that it was iron, in fome unknown ftate of com- 

bination. New light has been thrown on this fubjeft Unicofn, 
by Morveau, who has difeovered that felenite loaded Volt‘ces, 
with iron, when decompofed by carbonaceous matter, ~""y 

yields a blue fulphuret of iron of equal permanency with 
the true ultramarine. 

At prefent, fmalt of a good colour is often purchafed 
at a dear rate and fubftituted for ultramarine ; and it is 
found that the colour of this preparation of cobalt is 
more durable in the fire than even that of the lapis la- 
zuli. P'or the analyfis of lapis lazuli, fee Mineralo- 
gy, n° 69. Suppl. 

UNICORN, the fcriptural name of an animal, 
which was undoubtedly the one horned rhinoceros. 
Arillotle, however, deferibes a unicorn of a different 
kind; and, from his delcription, feems to have been de- 
rived the idea of that figure, which is one of the fup- 
porters of the royal arms of Great Britain, and is ge- 
nerally fuppofed to re prefent a fictitious animal, or 
creature of the imagination. But this fuppofition, if 
not groundlefs, feems to be carried by much too far. 
Under the word Unicorn (Encycl.) we have recorded 
the teflimony of Sparman and Labo, to the exiilence 
of a unicorn ffiaped like a beautiful horfe ; and their 
teflimony has lately been ftrongly corroborated by Mr 
Barrow, (a) a man of unqueflionable veracity, who 
held a high office under government when the Cape of 
Good Hope was in the pofTeffion of the Euglifh. He 
a dually faw figures of the unicorn, fuch as deferibed 
by Labo, drawn with thofe of the elephants and other 
animals on the fmooth rocks in the interior of the 
country ; and he very naturally infers that iuch figures 
would not have been conceived by favages, who had 
not feen the living animal. The Bofhmen or Bojef- 
mans, were furprifed at his expreffing any doubt of its 
exiflence ; and the Dutch colonilts take it for granted 
that fuch an animal is to be found beyond the limits 
of the colony. Some of the Bojefmans feemed ready 
to undertake an expedition to the north fide of the 
great range of mountains, and for a proper reward to 
bring to the author a real unicorn; but what prevent- 
ed the expedition we are not told. It may be per- 
formed, and is furely as well worthy of the amateurs 
of natural hiftory as a journey into the heart of Africa 
in quell of birds, flowers, or ferpents. Till very lately 
the Mammoth (fee Eacycl.) was confounded with the 
elephant, and flrange inferences were thence drawn 
refpedting the change of the poles of the earth. But 
now ( 1802 ) the fkeleton of a Mammoth is exhibiting in 
London, whence it appears that the two animals, 
though nearly the fame lize, are quite diilindl, and 
that the one may have lived in countries, where the 
bones of the mammoth are indeed generally found, 
of fuch a temperature, that the elephant could not 
exifl in them five months. Now, indeed, the mam- 
moth feems to be cxtindl, and fo may the unicorn be j 
but it appears unequeltionable that both have once 
exilted ; and it is probable that the latter Hill exifls. 

VORTICES of Des Cartes are now juiily exploded ; 
but being the fiction of a very iuperior mind, they are 
ftill an obje& of cutiofity, as being the foundation of 
a great philofophical romance. According to the au- 
thor of that romance, the whole of infinite fpace was 
  full' 

(a) See his Travels into the Interior of Southern Africa, in the years 1797, 1798.. 
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V»rtlct*> f,ill of matter ; for with him matter and extenfion were 

the fame, and confequendy there could be no void. 
This immenfity of matter he fuppofed to be divided in- 
to an infinite number of very fmall cubes ; all of which, 
being whirled about upon their own centres, neceffarily 
gave ocrafion to the produdtion of two different elements. 
The firlt confided of thofe angular parts which, ha- 
ving been neceflTirily rubbed otf, and grinded yet (mailer 
by their mutual fri&ion, conlbtuted the mod fubtle 
and moveable part ot matter. The fecond confided of 
thofe. little globules that were formed by the rubbing 
off of the fird. I'he interdicts betwixt' thefe globules 
of the iecond element were filled up by the particles of 
the fird. But in the infinite collifions, which mud oc- 
cur in an infinite foace filled with matter, and all in mo- 
tion, it mud necefl ;rily happen that many of the gin. 
bules of the fecond element fhouM be broken and grind- 
ed down into the tird. The quantity of the fird ele- 
ment having thus been increafed beyond what was fuf- 
ficient to fill up the interdices of the lecond, it mud, 
in many places, have been heaped up together, without 
any mixture of the fecond along with it. Such, ac- 
cording to Des Cartes, was the Original divifion of mat- 
ter. Upon this infinitude of matter thus divided a 
certain quantity of motion was originally impreffed by 
the Creator of all things, and the laws of motion were 
fo adjuded ss always to preferve the fame quantity in 
it, without increafe, and without diminution. What- 
ever motion was lod by one part of matter, was com- 
municated to fome other ; and whatever was acquired 
by one part of matter, was derived from fome other: 
and thus, through an eternal revolution from reft to 
motion, and from motion to red, in every part of the 
univeife. the quantity of motion in the whole was al- 
ways the fame. 

But as there was no void, no one part of matter could 
be moved without thruding fome other out of its p-ace, 
nor that without thruding fome other, and fo on. To 
avoid, therefore, an infinite progrefs, he fuppofed that 
the matter which any body pufhed before it rolled im- 
mediately backwards to fupply the place of that matter 
which flowed in behind it; as we may obferve in the 
fwimming of a fifh, that the water which it pufhes be- 
fore it immediately rolls backwards to fupply the place 
of what flows in behind it, nnd thus forms a fmall circle 
or vortex round the body of the fifh. It was in the 
fame manner that the motion originally inrpiefled by 
the Creator upon the infinitude of matter neceflarily 
produced in it an infinity of greater and finaller vor- 
tices, or circular dreams : and the law of motion being 
fo adjuded as always to preferve the fame quantity of 
motion in the univerfe, thofe vortices either continued 
tor ever, or by their didblution gave birth to others of 
the fame kind. There was thus at all times an infinite 
number of greater and fmaller vortices, or circular 
ftreams, revolving in the univerfe. 

But whatever moves in a circle is condantly endea- 
vouring to fly off from the centre of its revolution. For 
the natural motion-of all bodies is in a ilraight line. All 
the particles of matter therefore, in each of thofe greater 
vortices, were continually prefCngfrom the centre to the 
circumference, with more or lefs force, according to the 
different degrees of their bulk and folidity. The larger 
and more folid globules of the fecond element forced 
themfelves upwards to the circumference, while the 
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fmaller, more yielding, and more aftive particles of the Vortices. 
fird, which could flow even through the interdices of  vr—~ 
the fecond, were forced downwards tothe centre. They 
weie forced downwards to the centre riot wit hdaiiding 
their natural tendency was upwards to the circum- 
ference ; for the fame reafon that a piece of wood, when 
plunged in water, is forced upwards to the furface, not- 
wrthftanding its natural tendency is downwards to the 
bottom ; becaufe its tendency downwards is lefs drong 
than that of the particles of water, which, therefore, if 
one ma} fay fo, prefs in before it, and thus force it co- 
wards. But tnere being a greater quantity of the fird 
element than what was nCcefTarv to fill up the inter- 
dices of the fecond, it was neeeffarily accumulated in 
the centre of each of thefe great circular ftreams, and 
formed there the fiery and aifive fubftance of the fun. 
For, according to that philofopher, the folar fyftems 
weny nfinite in number, each fixed liar being the centre 
of one ; and he is among the firft of the moderns who 
thus took awav the boundaries of the univei fe : even 
Copernicus and Kepler, themfelves, have confined it 
within what they fuppofed the vault of the firmament. 

The centre of each vortex being thus occupied by 
the mod aflive and moveable parted matter, there was 
neceflarily among them a more violent agitation than in 
any other part of the vortex, and this violent agitation 
of the centre cherifhed and fupported the movement of 
the whole. But among the particles of the firft ele- 
ment, which fill up the interflices of the fecond, there 
arc many, v/hich, From the preffure of the globules on 
all Tides of them, neceffarily receive an angular form, 
and thus conftitute a third element of particles lefs fit 
for motion than thofe of the other two. As the par- 
ticles, however, of this third element were formed in 
the interftices of the fecond, they are necefTarily fmallcr 
than thofe of the fecond, and are therefore, along with 
thofe of the firft, u-ged down towards the centre, where, 
when a number of them happen to take hold of one an- 
other, they form fuch fpots upon the furface of the ac- 
cumulated particles of the firft element, as are often dif- 
covered by telefcopfcs upon the face of that fun which 
enlightens and animates our particular fyftem. Thofe 
fpots are often broken and difpelled by the violent agi- 
tation of the particles of the firft element, as has hitherto 
happily been the cafe with thofe which have fuccefiively 
been formed upon the face of our fun. Sometimes, 
however, they encruft the whole furface of that fire 
which is accumulated in the centre ; and the communi- 
cation betwixt the molt a&ive and the moft inert parts 
of the vortex being thus interrupted, the rapidity of its 
motion immediately begins to languifh, and can no 
longer defend it from being fvvallowed up and carried 
away by the fuperior Violence of fome oilier like cir- 
cular ftream ; and, in this manner, what was once a fun 
becomes a planet. Thus the time was, according to 
the fyltem, when the moon was a body of the fame 
kind with the fun, the fiery centre of a circular ftream 
of ether, which flowed continually round her ; but her 
face having been crufted over by a congeries of angular 
particles, the motion of this circular ftream began to 
languifh, and could no longer defend itfelf from being 
abforbed by the more violent vortex of the earth, which 
was then, too, a fun, and which chanced to be placed 
in its neighbourhood. The moon therefore became a 
planet, and revolved round the earth. In procefs of 

time. 
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Vortices time, the fame fortune, which had thus befallen the 
Uralian. moon, befcl alfo the earth ; its face was encruded by a 

grofs and ina&ive fubftance ; the motion of its vortex 
began to languiili, and it was abforbed by the greater 
vortex of the fun : but though the vortex of the earth 
had thus become languid, it iliil had force enough to 
occafion both the diurnal revolution of the earth, and 
the monthly motion of the moon. For a i'mall circular 
flream may eafily be conceived as flowing round the 
body of the earth, at the fame time that it is carried 
along by that great ocean of ether which is continually 
revolving round the fun ; in the fame manner as, in a 
great whirpool of water, one may often fee feveral fmall 
whirpools, which revolveround centres of their own,and 
at the fame time are carried round the centre of the great 
one. Such was the caufe of the original formation 

' and confequent motions of the planetary fyftem. When 
a folid body is turned round its centre, thofe parts of 
it which are neartft, and thofe which are remoteft from 
the centre, complete their revolutions in one and the 
fame time. But it is otherwife with the revolutions of 
a fluid : the parts of it which are neareft: the centre 
complete their revolutions in a fhorter time than thofe 1 

which are remoter. The planets, therefore, all float- 
ing in that immenfe tide of sether which is continually 
fetting in from weft to eaft round the body of the fun, 
complete their revolutions in a longer or a fhorter time, 
according to their nearnefs or diftance from him. 

This bold fyftem was eminently fitted to captivate 
the imagination ; and though fraught with contradic- 
tions and impofiibilitiea, attempts have been made to re- 
vive it, even in this country, under different names. All 
thofe fyftems which reprefent the motions of the hea- 
venly bodies as being the effeft of the phyfical agency 
of aethers, of air, of fire, and of light, of which the 
univerfe is conceived to be full, labour under the fame 
difficulties with the Cartefian hypothefis ; and very few 
of them, if any, are fo neatly put together. It is fure- 
ly fufficient, however, to demolifh this goodly fabric, 
barely to afk how an abfolute infinity of matter can be 
divided into cubes, or any thing elfe ? how there can 
poffibly be interftices in a perfedf plenum ? or how in 
fuch a plenum any portion of matter can be thruft from 
its place ? 

URALIAN Cossacs, a people that inhabit the 
Ruffian province of Orenburg in Afia, on the fouth 
fide of the river Ural. Thefe Coftacs are defcended 
from thofe of the Don : they are a very valiant race. 
They profefs the Greek religion ; but there is a kind 
of diffenters from the eftablifbed religion, whom the 
Ruffians called Rejholniki, or Separatifts, and who ftyle 
themfelves Starover/hi, or Old Believers. They conii- 
der the fervice of the eftabliflied church as profane and 
lacrilegious, and have their own priefts and ceremonies. 
The Uralian Coflacs are all enthufiafts for the ancient 
ritual, and prize their beards almoft equal to their lives. 
A Ruffian officer having ordered a number of Coflac 
recruits to be publicly {haved in the town of Yaicflc, in 
ryyr, this wanton infult excited an infurre&ion, which 

, was fuppreffed for a time ; but, in 1773, that daring 
impoftor, Pugatchef, having affumed the name and per- 
fon of Peter III. appeared among them, and taking 
advantage of this circumftance, and of their religious 
prejudices, roufed them once more into open rebellion. 
This being at laft efledtually fupprefled by the defeat 
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and execution of the impoftor (See Suworow, Suppl.), Uralian 
in order to extinguifh all remembrance of this rebellion, !1 
the river Yaik was called Ural; the Yaik Coffacs were Urceola' 
denominated Uralian Cojfacs ; and the town of Yaitfk, v 

Uralfk. The Uralian Co(Tacs enjoy the right of fifti- 
ing on the coaft of tire Cafpian Sea, for 47 miles on 
each fide of the river Ural. Their principal fifhery is 
for fturgeons and beluga, whofe roe fupplies large quan- 
tities of caviare ; and the fifh, which are chiefly faked 
and dried, afford a confiderable article of confumption 
in the Ruffian empire. In confequence of thefe fifheries, 
thefe Coftacs are very rich. 

URB1NO, a town of Italy, in the territory of the 
Pope, and capital of the duchy of Urbino, with an old 
citadel, an archbifhop’s fee, and a handfome palace, 
where the dukes formerly rehded. The houfes are 
well bulk, and great quantities of fine earthen ware are 
made here. It is feated on a mountain, between the 
rivers Metro and Foglia, 18 miles fouth of Rimini, 58 
eaft; of Florence, and 120 north-eaftof Rome. E. Lon. 
1 2. 40. N. lat. 43. 46. 

Urbino, a duchy of Italy, in the territory of the 
church, bounded on the north by the gulph of Venice; 
on the fouth, by Perugino and Umbria ; on the eaft, 
by the marquifate of Ancona ; and on the weft, br 
Fuicany and Romagna It is about 55 miles in length, 
and 45 in breadth. Here is great plenty of game and 
fifh ; but the air is not very wholefome, nor is the foil 
fertile. Urbino is the capital. 

URCEOLA, a lately difeovered genus of the />rn- 
tandria clafs, and monogynia order of plants, ranking 
immediately after Tabern^; Montana (fee Encycl.), 
and confequently belonging to the 30th natural order 
or clafs called Contorts by L’nnaeus in his natural me- 
thod of arrangement. One of the qualities of the plants 
of this order is their yielding, on being cut, a juice 
which is generally milky, and for the molt part deemed 
of a poifonous nature. I he genus is thus charadterifed 
by Dr Roxburgh: Calyx beneath five-toothed ; corol 
one petaled, pitcher fhaped, with its contra&ed month 
five toothed : nedtary entire, furrounding the germs; 
follicles two, round, drupacious ; feeds numerous, im- 
merfed in pulp, i here is but one known fpecies, which 
is thus deferibed by the fame eminent botanift ; 

Urceola elastica : Shrubby, twining, leaves op- 
poiite, oblong, panicles terminal, is a native of Sumatra, 
Prince of Wales’s Ifland, &c. Malay countries. Stem 
woody, climbing over trees,' &c. to a very great extent, 
young flioots twining, and a little hairy, bark of the 
old woody parts thick, dark coloured, confiderably un- 
even, a little fcabrous, on which are found feveral fpecies 
of mofs, particularly large patches of lichen ; the wood 
is white, light, and porous. Leaves oppofite, fhort- 
petioled, horizontal, ovate, oblong, pointed, entire, a 
little fcabrous, with a few fcattered white hairs on the 
under fide. Stipulus none. Panicles terminal, brachiate, 
very ramus. Ll-jvuers numerous, minute, of a dull 
greenifh colour, and hairy on the outfide. Brails lan- 
ceolate, one at each divifion and fubdivifion of the oa- 
mcle. Calyx perianth, one-leaved, five-toothed, perma- 
nent. Corol one petaled, pitcher-fhaped, hairy, mouth 
much contrafted, five-toothed, divifions erect, acute, 
neCftary entire, cylindric, embracing the lower two- 
thirds of the germs. Stamens^ filaments five, very fhort 
from the bafe of the coiol. Anthers arrow-ftiaped, con- 

verging, 
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Tfrrcola. verging, bearing their pollen in two grooves on the m- 

fide, near the apex ; between thefe grooves and the in* 
fertion? of the filaments they are covered with white 
foft hairs. germs two; above the neftary they 
are very hairy round the margins of their truncated 
tops. Style fingle, fhorter than the ftamens. Stigma 
ovate, with a circular band, dividing it into two por- 
tions of different colouis. Per. follicles two, round, 
latetally ccmnreffed into the (hape of a turnip, wrink- 
led, leathery, about three inches in their greateft diame- 
ters—one celled, two valved- Seeds very numerous, re- 
niform, immetfed in firm flefhy pulp. 

See Plate XLVII. where fig. i. is a branchlet in 
flower of the natural fize. 2. A flower magnified. 3. 
The fame laid open, which expofes to view the fituation 
of the itamens inferted into the bottom of the corol, 
the nectarium furrounding the lower half of the two 
germs, their upper ha'f with hairy margins, the ftyle 
and ovate party coloured; fligma appearing above the 
nectary. 4. Outfide of one of the ftamens ; and, 5. 
Infide of the fame, both much magnified. 6. The 
nedarium laid open, expoflng to view the whole of the 
piftil. 7. The two feed veflels (called by Linnseus fol- 
licles), natural fize ; half of one of them is removed, to 
fhew the feed immerfed in pulp. A portion thereof is 
alfo cut away, which more clearly (hews the fituation 
aid ftiape cf the feed. 

From wounds made in the bark of this plant there 
©ozes a milky fluid, which on expofure to the open air 
feparates into an elaftic coagulum, and watery liquid 
apparently of no ufe, after the fieparation takes place. 
This coagulum is not only like the American caout- 
chouc or Indian rubber, but poflefles the fame proper- 
ties; for which, fee Caoutchouc, both in the Encycl. 
and Sup pi. 

The chemical properties of this vegetable milk, while 
frefh, were found by Mr Howifon, late furgeon on 
Prince of Wales’s Ifland, furprifmgly to refemble thofe 
of animal milk. From its decompofition, in confe- 
quence of fpoutaneous fermentation, or by the addition 
of acids, a ieparation takes place between its caleous 
and ferous parts, both of which are very iimilar to thofe 
produced by the fame proceffes from animal milk. An 
oily or butyrous matter is alfo one of its component 

parts, which appears upon the furface of the gMm fo Urinary, 
foon as the latter has attained its folid form. He en- ^rtlca‘ 
deavoured to form an extract of this milk fo as to ap- 
proach to the confiftence of new butter, by which he 
hoped to retard its fermentative ftage, without depri- 
ving it of its ufeful qualities ; but as he had no appa- 
ratus for cliftilling, the furface of the milk, that was ex- 
pofed to the air, inftantly formed into a folid coat, by 
which the evaporation was in a great degree prevented. 
He, however, learned, by collecting the thickened milk 
from the infide of the coats, and depofiting it in a jelly 
pot, that, if excluded from the air, it might be prefer- 
ved in this ftate for a confiderable length of time ; and 
even without any preparation be kept in bottles, toler- 
ably good, upwards of twelve months. 

URINARY, concretions. See Animal Substan- 
ces, Suppl. 

URTICA. See Encycl. where it is obferved that 
the common nettle, though it has a place in the materia 
medica, is now very little ufed. It has lately been re- 
commended, however, by Zannetini, a phylician who 
attended the French army in Italy, as a good fubftitute 
in fevers for cinchona. The fuccefs of feme experi- 
ments, which he made with it in tertian and quartain 
malignant fevers, furpafled, he fays, his moft fanguine 
expectation. The nettle often produces a fpeedier ef- 
feCt than bark; for it heats in a great degree, and when 
the dofe is pretty ftrong, occations a lethargic fteep. 
The dofe muft never exceed a dram, and is given in 
wine two or three times in the courfe of 24 hours. 
Zannetini found this medicine of great fervice to guard 
againft that total exhauftion which forms the principal 
charadfer of malignant fevers ; and he recommends a 
flight infuiion of it in wine as an excellent prdervative 
for thofe who refide in marfliy and infalubrious diftridls. 
In employing the nettle in fever, Zannetini gives the 
fame caution as ought to be obferved ih regard to cin- 
chona, that is, that it mu ft not be employed where there 
is an inclination to inflammation, or where a continued 
fever, arilingfrom obftrudHons, exifts. This difeovery 
is not unworthy the attention of phyficians, and de- 
ferves at leaft to be farther invsftigated, as a great deal 
would be faved if cinchona could be entirely difpenfi d- 
with. 

W. 

Walrs. WALES, New South, is a country which muft be 
intereiling on account of the Angular colony 

which was fettled there in the year 1788. Under the 
title New Holland (Encycl.) fome account has been 
given of that fettlement, as well as of the climate and 
the foil about Port Jackfon ; but it will probably gra- 
tify the curiofity of our readers, if we give a Ihort hi- 
ftory of thofe European fettlers, of whom it is to be 

hoped that they carried not with them, to that diftant vTalem. 
fhore, 

“ Minds not to be changed by time or place.” 

This hiftory we fhall take from the accurate Account 
of the EngHJh Colony in New South Wales, by David 
Collins, Efq; who went out with Governor Phillip, and 
continued to execute the offices of Judge-advocate and 

Secretary 
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Wale*. Secretary till the clofe of the year 1796 ; and we fhall 

""" v begin our narrative from the difembarkation of the firft 
colonifts, when his Majefty’s commiflion to the gover- 
nor, and the letters patent, eftablifhing courts of crimi- 
nal and civil judicature in the territory, were read. 

The criminal court was cordlituted a court of record, 
and was to confdf, of the judge advocate and fuch fix 
officers of the fea and land fervice as the governor (hall, 
by preceot iffiued under his hand and feal, require to af- 
femble for that purpofe. This court has power to in- 
quire of. hear, determine, and punifh all treafons, mif- 
prifions of treafons, murders, felonies, forgeries, perju- 
ries, trefpafles, and other crimes whatfoever that may 
be committed in the colony ; the punifhnaent for fuch 
oflences to be inflidfed according to the laws of Eng- 
land as nearly as may be, confidering and allowing for 
the circumftances and (ituation of the fettlement and its 
inhabitants. The charge againft any offender is to be 
reduced into writing, and exhibited by the judge-advo- 
cate : witneffes are to be examined upon oath, as well 
for as againft the prifoner ; and the court is to adjudge 
whether he is guilty or not guilty by the opinion of the 
major part of the court. If guilty, and the offence is 
capital, they are to pronounce judgment of death, in 
like manner as it the orifoner had been convidled by' the 
verdict of a jury in England, or of fuch corporal pu- 
nifhment as the court, or of the major part of it, fhall 
deem meet. And in cafes not capital, they are to ad- 
judge fuch corporal punifhment as the majority of the 
court fhall determine. But no offender is to fuffer 
death unlefs five members of the court fhall concur in 
adjudging him to be guilty, until the proceedings fhall 
have been transmitted to England, and the king’s plea- 
fure fignihed thereupon. The provoft-marfhall is to 
caufe the judgement of the court to be executed accord- 
ing to the governor’s warrant under Ills hand and feal. 

Befide this court for the trial of criminal offenders, 
there is a civil court, confiding of the judge advocate 
and two inhabitants of the Settlement, who are to be 
appointed by the governor; which court has full power 
to hear and determine in a Summary way all pleas of 
lands, houfes, debts, contracts, and all perfonal pleas 
whatfoever. 

From this court, on either party, plaintiff or defen- 
dant, finding himfelf or thernfelves aggrieved by the 
judgment or decree, an appeal lies to the governor, and 
from him, where the dtbt or thing in demand (hall ex- 
ceed the value of L. 300, to tire king in council. 

A vice-admiralty court was alfo appointed, for the 
trial of offences on the high fcas; and the governor, 
lieutenant-governor, and judge-advocate, were by patent 
made juftices of the peace, with a power in the gover- 
nor to appoint other juftices- 

The Situation which Governor Phillip had fele&ed 
for his refrdence, and for the principal fettlement, was 
the eaft fide of a cove in Port Jackfon, which he called 
Sydney Cove. Its latitude was found to be 330 52' 30" 
fouth, and its longitude 152= iy' 30" eaft. This Situa- 
tion was chofen without due examination ; for" it foon 
appeared that the head or upper part of the cove wore 
a much more favourable appearance than the ground 
immediately about the Settlement. From the natives, 
the new Settlers met no oppofition : during the firft fix 
weeks they received only one vifit from them, two men 
ftrolling one evening into the camp, and remaining in 
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it for about half an hour. They appeared to admire WVJe*. 
whatever they faw ; and after receiving a hatchet (of ■ 
the ufeof which the eldcft inftantly and curioufly (he w- 
ed his knowledge, by turning up his foot and fiiarpen- 
ing a piece of wood on the foie with the hatchet) took 
their leave, apparently well pleafed with their reception. 
The fifhing boats alfo frequently reported their having 
been vifited by many of thefe people when hauling the 
feine ; at which labour they often aflifted with cheer- 
fulneis, and in return were geuerali rewarded with a 
part of the fifli taken. 

The firft labour in which the conviefs were employ- 
ed was that of building huts ; and for this purpofe it 
was found neceffary to divide them into gangs, and to 
appoint an overfeer to each, who (hould lee that the 
proper quantity of work was performed. The provi- 
sions were diftributed by a weekly ration, and to each 
man were allowed 71b. of bilcuit, ilb. of flour, ylb. of 
beef or 4.1b. of pork, 3 pints of peafe, and 6 ounces of 
butter. To tiie female convitts two thirds of this ra- 
tion were allowed. This was the full ration, which, in. 
many inftances, it became neceffary to reduce ; and 
once, in confequence of the delay of tranfports with a 
fupply, the convids were put on an allowance of which 
flelh meat conftituted no part. 

The temporary huts in which the colopifts lived, for 
fome time after their arrival, were formed principally of 
the cabbage-tree. With this the fide* and ends w£re 
filled ; the polls and plates being made of the pine ; 
and the whole was plaflered with clay. The roofs were 
generally thatched with the grafs of the gumruih; 
though fome were covered with day ; but Several of 
thefe failed, the weight of the chy and rain foon de- 
ftroying them. In a ihort time they applied themfelves 
to the burning of bricks ; by which tht habitations 
loon became much more lading and comfortable. The 
progreis of the colony, however, towards that degree 
of convenience which was within its reach, was greatly 
impeded by the incorrigible vices of thofe who princi- 
pally compoled it. Drunkennets, thelt, robbery, and 
unconquerable lazineis, continued to mark the charac- 
ter of the great body of the convitts. Though to fly 
trom the colony, and venture into the interior ol the 
country, was inevitable death in the form or famine or 
of murder, yet fuch was the invincible antipathy to la- 
bour manifelled by fome of thofe people, that they often 
fled to the woods, from which they Seldom returned ; 
iome dying of hunger, and lome being Sacrificed by the 
natives. Giiinclination to labour produced here, as elfe- 
where, its natural effect—robbery. 

In the month of May i/bb, a lad of 17 years of age 
was tried, convi£led, and executed, for breaking open a 
tent belonging to one of the tranfport fhips ; Several 
others were taken into cuflody in that month for various 
thefts and burglaries, and two were afterward tried and 
executed. One of thefe had abfeonded, and lived in the 
woods for 19 days, fubfifting by what he was able to 
procure by no&urnal depredations among the huts and 
flock of individuals, tiis vifits for this purpofe were 
fo frequent and daring, that it became abfolutely necef- 
iary to proclaim him an outlaw. By the negligence of 
one of thofe fellows who had been entrufted with the 
care of the cattle, the bull and four cows were loft: 
he left them in the fields, and returned to his hut to 
dine j and in the mean time they either ilrayed away or 

were 
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Wales, were driven off by the natives Five years elapfed be- 

fore thefe cattle were difcovered wild, at a confiderable 
diftance up the country, and greatly multiplied. 

The perpetration of crimes, chiefly tbett and robbe- 
ry, had become fo prevalent before twenty months bad 
paffed fince the colony was eftabliflied, that it was ne- 
ceffary to think of a fyftem of police. A plan was 
prefented to the governor by a convia, which with fome 
improvements was adopted on the 8th of Auguft 1789. 
The following are the heads of the arrangement. 

The fettlement was divided into four diftricfs, over 
each of which was placed a watch confifting of three 
perfons, one principal and two fubordinate watchmen. 
Thefe being fele&ed from among thofe convi&s whofe 
conduft and character had been unexceptionable fince 
their landing, were vefted with authority to patrole at 
all hours in the night, to vifit fuch places as might be 
deemed requifite for the difcovery of any felony, tref- 
pafs or mifdemeanor, and to fecure for examination all 
perfons that might appear to be concerned therein ; for 
which purpofe they were dire&ed to enter anyfufpe&ed 
hut or dwelling, or to ufe any other means that might 
appear expedient. They were required to detain and 
give information to the .neareff guardhoufe of any fol- 
dier or feaman who fltould be found Itraggling after the 
tattoo had been beat. They were to uie their utmoft 
endeavours to trace out offenders on receiving accounts 
of any depredation ; and in addition to their night- 
duty, they were directed to take cognizance of fuch 
conviAs as gamed, or fold or bartered their flops or 
provifions, and report them for punifhment. A return 
of all occurrences during the night was to be made to 
the judge-advocate ; and the military were required to 
furnifli the watch with any affitlance they might be in 
need of, beyond what the civil power could give them. 
They were provided each with a fhort itaff, to diltin- 
giiifli them during the night, and to denote their office 
in the colony; and were inftru&ed not to receive any 
ftipulated encouragement or reward from any individual 
for the convi&ion of offenders, but to expeA that ne- 
gligence or mifconduA in the execution of their trull 
would be punilhed with the utmoft rigour. It was to 
have been wifhed, lays Mr Collins, that a watch efta- 
blilhed for the prefervation of public and private pro- 
perty had been formed of free people, and that necef- 
iity had not compelled us, in leleAing the lirft members 
of our little police, to appoint them from a body of 
men, in whofe eyes, it could not be denied, the proper- 
ty of individuals had never before been facred fiut 
there was not any choice : The military had their line 
of duty marked out for them, and between them and 
the conviA there was no defcription of people from 
whom overfeers or watchmen couid be provided. It 
might, however, be fuppoied, that among the conviAs 
there mull be many who would feel a pride in being 
hillinguifhed from their fellows, and a pride that might 
give birth to a returning principle of hontfty. It was 
hoped that the conviAs whom we had chofcn were of 
this defcription ; fome effort had become necelfary to 
detect the various offenders who were prowling about 
with fecurity under cover of the night ; and the con- 
viAs who had any property were themfelves interefted 
in defeating fuch praAices. They promifed fidelity and 
diligence, fiom which the fcorn of their fellow-priioners 
Should not induce them to fwerve, and began with a 
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confidence of fuccefs the duty which they had them- 
felves offered to undertake. 

A fpecies of diiturber now infefted the colony, againft 
which the vigilance of a police could not guard. Rats, 
in immenfe numbers, had attacked the provilion ftores, 
and could be counteraAed only by removing the provi- 
fions from one ftore to another. When their ravages 
were firft difcovered, it was found that eight calks ’of 
flour were already deftroyed by thefe vermin. Such of 
thefe animals as elcaped the dogs, which were fet upon 
them, flew to the gardens of individuals, where they rio- 
ted on the Indian corn that was growing, and did con- 
fidefable mifchief. 

Our author gives the mod melancholy account of the 
extreme fufferings of the early colonifts from want of 
provifions, and of the difeafes imported into the coun- 
try by newcomers, who had either caught them on the 
voyage or brought them from England The - fettlera 
on NoRvoiK-IJland (fee Encycl.), to which New South 
Wales was a mother country, mull have been much 
more liable than that colony to fuffer fiom famine, had 
they not fometimes obtained a temporary fupply from a 
fource which was unknown at Sydney Cove. On a 
mountain in the ifland, to which had b^en given the 
name of Mount Pitt, they were fortunate enough to ob- 
tain, in an abundance almoft incredible, a fpecies of a- 
quatic birds, anfwering the defcription of that known, 
by the name of the puffin. Thefe birds came in from 

. the fea every evening, in clouds literally darkening the 
air, and defending on Mount Pitt, depolited their eggs 
in deep holes made by themfelves in the ground, gene- 
rally quitting them in the morning, and returning to 
feek their fubliftence in the fea. From two to three 
thoufand of thefe birds were often taken in a night. 
Their feeking their food in the ocean left no doubt of 
their own lielh partaking of the quality of that upon 
which they fed; but to people circumftanced as were 
the inhabitants on Norfolk ifland, this leffened not their 
importance ; and while any Mount Pitt birds (fuch be- 
ing the name given them) were to be had, they were 
eagerly fought. 

The firft fettler in New South Wales, who declared 
himfelf able to live on the produce of his farm, without 
any affillance from the ftores, was James Rufe ; who in 
April 1790 relinquiffied his claim to any farther {hare 
of the public proviiiou. As a reward, the governor 
immediately put him in pofl'efiion of an allotment of 30 
acres 

In the July of the fame year, the conviAs whofe 
terms -ft traidportation had expired were now colleAed, 
and by the authority of the govermor informed, that 
fuch of them as wilhed to become fettlers in this coun- 
try ftiould receive every encouragement ; that thofe 
who did not, were to labour for their provifions, ftipu- 
lating to work for 1 2 or 1 8 months certain ; and that 
in the way of fuch as preferred returning to England 
no obllacles would be thrown, provided they could pro- 
cure padages from the mailers of fuch ffiips as might 
arrive ; but that they were not to expeA any affiilance 
cm the part of government to that end. The wifti to 
return to their friends appeared to be the prevailing 
idea, a few only giving in their names as fettlers, and 
none engaging to work lor a certain time. 

That the w.ilh to return home was itrong indeed, and 
paramount to all other feelings, was evinced in a very 

5 E melancholy 

Wales, 
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Wales, melancholy inftance fome time before. A convidt, an 

1' elderly man, was found dead in the woods, near the fet- 
tlement; who, on being opened, it appeared, had died 
from want of nourilhment; and it was found that he 
was accifftomed to deny himfelf even what was abfo- 
lutely neceffary to his exiftence, abitaining froiji his pro- 
viiions, and felling them for money, which he was re- 
ferving, and had fomewhere concealed, in order to pur- 
chafe his pafl'age to England when his time fhould ter- 
minate ! 

Of fome convifts whofe terms of tranfportation had 
expired, the governor eilablifhed a new fettlement in 
Auguft 1791, at a place which he called ProfpeS Hilly 
about twenty miles diftant from Sydney Cove; and an- 
other refidence was formed at the Ponds within three 
or four miles of the former. This made the fourth 
fettlement in the colony, exclufively of that at Norfolk 
Mand. 

About this time the governor received from England 
a public feal for the colony : on the obverfe of which 
were the king’s arms and royal titles; and on the re- 
verfe, emblematic figures fuited to the fituation of the 
people for whofe ufe it was defigned. The motto was 
«* Sic fortit Etruria crevitand in the margin were 
the words “ Sigillum Nov. Camb. AuJIP A commif- 
fion alfo arrived, empowering him to remit abfolutely, 
or conditionally, the whole or any part of the term for 
which the felons fent to the colony might be tranfport- 
ed. By this power he was enabled to bellow on Supe- 
rior honefty and induftry the moll valuable reward which, 
in fuch circumftances, they could receive. 

In addition to the calamities under which the fettle- 
ment had fo often laboured from being reduced to very 
ftrort allowance of provifions, and the frequency of the 
ordinary difeafes which were to be expefted among a 
people fo fxtuated, a new malady of a very alarming 
nature was perceived about April 1792. Several con- 
vifts were feized with infanity ; and as the major part 
of thofe who were vifited by this calamity were females, 
who, on account of their fex, were not haralfed with 
bard labour, and who in general (hared largely of fuch 
little comforts as were to be procured in the fettlement, 
it was difficult to affign a caufe for this diforder. It 
feems, however, to have been of fhort duration ; for we 
hear not of it again during the period that Mr Collins’s 
narrative comprehends. 

About this time (1792) the colony had affumed 
fomething of an eftablilhed form. Brick huts were in 
hand for the convi&s in room of the miferable hovels 
occupied by many, which had been put up at their firft 
landing, and in room of others which, from having been 
ejre&ed on fuch ground as was then cleared, were now 
found to interfere with the dire&ion of the ftrtets which 
the governor was laying out. People were alfo em- 
ployed in cutting paling for fencing in their gardens. 
At a place called Paramatta, about 16 miles from Syd- 
ney Cove, fituated on a fmall river which runs into Port 
Jackfon, the people were employed, during the greateft 
part of the month of May, in getting in the maize and 
lowing wheat. A foundation for an hofpital was laid, 
a houfe built for the mailer carpenter, and roofs pre- 

pared for the different huts either building or to be Wales, 
built in future. u— 

In December 1792, when Captain Phillip refigned 
the government, nearly five years from the foundation 
of the colony, there were in cultivation at the different 
fettlements 142930168, of which 417 belonged to fet- 
tlers; that is, 67 fettlers, for there was no more, cul- 
tivated nearly half as much ground as was cultivated by 
the public labour of all the convidls ; a linking proof 
of the fuperior zeal and diligence with which men ex- 
ert themfelves when they have an interell in their la- 
bour. Of free fettlers, whofe exertions promifed fo 
fairly to promote the interells of the colony, feveral ar- 
rived from England in January 1793, and fixed them- 
felves in a fituation which they called Liberty Plains. 
To one of thefe, Thomas Rofe, a farmer from Dorfet- 
Ihire, and his family of a wife and four children, 120 
acres were allotted. The conditions under which thefe 
people agreed to fettle were, “ to have their paffage 
provided by government (a) ; an affortment of tools 
and implements to be given to them out of the (lores ^ 
that they Ihould be fupplied with two years provifions ; 
that their lands Ihould be granted free of expence ; the 
fervice of convidls alfo to be affigned to them free of 
expence; and that thofe convidts Ihould be fupplied 
with two years rations and one year’s clothing.,, 

Among the great difficulties with which this infant 
ellablilhment had to druggie, not the lead was that of 
procuring cattle. Of thofe which were embarked in 
England and other places for the colony, a very fmall 
proportion only arrived ; for of 15 bulls and 119 cows, 
which had been embarked for Botany Bay, only 3 bulls 
and 28 cows were landed at the fettlement. It was not 
until the arrival of the Endeavour, Captain Bampton, 
in 1795, that the mode of conveying cattle to the co- 
lony without material lofs was difeovered. In that 
veffel, out of 130 head which he embarked at Bombay, 
one cow only died on the paffage, and that too on the 
day before his arrival. 

The fcarcity of cattle naturally raifed their price. 
Even after this lad importation, an Englilh cow in calf 
fold for L.80. 

Notwithdanding the various obdacles which indudry 
had met in the cultivation of this fettlement, it yet 
made confiderable advances ; for in Oclober 1793, the 
value of land had fo rifen, that one fettler fold his al- 
lotment of 30 acres for as many pounds; and one farm, 
with the houfe, &c. fold for L. 100. The value of 
ground, indeed, was conliderably enhanced by govern- 
ment agreeing to purchafe the redundance of the pro- 
duce ot the fettlers at fixed prices. Wheat properly 
dried and cleanfed was received from the fetilers at 
Sydney, by the commiffary, at 10 s. per bulhel. Some 
cultivators, however, had devifed another mode of dif- 
pofing of dheir corn. One of them, whofe fituation 
was near Paramatta, having obtained a fmall dill from 
England, found it more advantageous to draw an ar- 
dent diabolical fpirit from his wheat, than to fend it to 
the (lores. From one bulhel of wheat he obtained 
nearly five quarts of fpirit, which he fold or paid in ex- 
change for labour, at the rate of five or fix .(hillings per 

   quart. 

(a) Government paid for the paffage of each perfon above ten years of age L.8, 8s. and one (hilling per day 
for vi&ualling them. • 
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Wale*, quart. A better ufe was made of grain by another 

—-v— fettler ; who, having a mill, ground it, and procured 
44.1b, of good flour, from a bufhel of wheat taken at 
591b. This flour he fold at 4d. per lb. 

By a return of the number of perfons in New South 
Wales and Norfolk Ifland in April 1794, it appeared 
that there were in all 4414, including women and chil- 
dren ; the annual expence of whom, to the mother- 
country, Mr Collins eftimates at L. 161,101. Rapid 
itrides, however, were at that time making towards in- 
dependence, if not towards an ability of repaying to 
England a part of what the fettlement had colt her. 
Already the colony lived on grain of its own growth, 
and an increafe of live (lock was become almoft certain. 
There were now 4665 acres of ground cleared for cul- 
tivation ; more than half of which had been effeded by 
thofe who had become fettlers in the courfe of fifteen 
mouths. 

To this fpirit of improvement fuch a check was given 
in September 1 794, that not more than a third of go- 
vernment ground, and a fifth of ground belonging to 
individuals, was in cultivation in 179). As this event has 
been mifreprefented, we fufped purpofely, by fome of 
our journalifts, we {hall give the true account of it in 
the words of Mr Collins himfelf. 

«« The Francis fchooner (fays he)returned from Nor- 
folk, having been abfent about eight weeks and three 
days. From Mr King, who commanded in that ifland, 
we learned that his harvell had been prodigioufly pro- 
du&ive. He had purchafed from the firft crops, which 
the fettlers had brought to market, upwards of r 1,000 
bufhels of maize ; and bills for the amount were drawn 
by him in favour of the refpe&ive fettlers; but requi- 
ring the fandion of the Lieutenant governor, they were 
now fent to Port Jackfon. Mr King had been partly 
induced to make this provifional kind of purchafe, un- 
der an idea, that the corn would be acceptable at Port- 
Jackfon, and alfo in compliance with the conditions on 
which the fettlers had received their refpediye allot- 
ments under the regulations of Governor Phillip; that 
is to fay, that their overplus grain (hould be purchafed 
at a fair market price. Being, however, well flocked 
with that article already, the Lieutenant governor did 
not think himfelf juftifiable in putting the crown to fo 
great an expence (nearly L.3000 Sterling), and de- 
clined accepting the bills.” T. his naturally excited 
fome difeontents in Norfolk Ifland, and one or two 
fettlers gave up their farms; but immediately on the 
arrival of Governor Hunter, he paid for the corn, and 
tranquillity was reftored to the ifland.” 

Though feveral quarrels had occurred between the 
natives and individuals among the colonifts, yet it was 
fuppofed that our people were in general the aggreflbrs. 
The governor had taken much pains to infpire the na- 
tives with confidence, and had in a great meafure fuc- 
ceeded. To theft they were naturally and irrefiftibly 
inclined : but, like other favages, they feemed uncon- 
i'cious of the crime, and were feldom deterred by detec- 
tion from mixing with the colonifls. At a fettlement 
which had early been formed at a river called the 
Hawkejbvry (and at which, cultivation having gone on 
well, there was, in courfe, much grain to ftimulate to 
depredation), the natives affumed a more formidable 
appearance. 

“ At that fettlement (fays Mr Collins) an open war 
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feemed about this time to have commenced between the 
natives and the fettlers; and word was received ever- 
land, that two people were killed by them ; one a fet- 
tler of the name of Wilfon, and the other a freeman, 
one William Thorp, who had hired himfelf to this Wil- 
fon as a labourer. The natives appeared in Targe bo- 
dies, men, women, and children, provided with blankets 
and nets to carry off the corn, of which they appeared 
as fond as the natives who lived among us, and feemed 
determined to take it whenever and wherever they could 
meet with opportunities. In their attacks they con- 
duced themfelves with much art ; but where that fail- 
ed they had recourfe to force ; and on the lead appear- 
ance of refiftance made ufe of their Ipears or clubs. To 
check at once, if poflible, thefe dangerous depredators, 
Captain Paterfon directed a party of the corps to be 
fent from Paramatta, with inftruCtions to deftroy as ma- 
ny' as they could meet with of the wood tribe (Be-dia- 
gal) ; and, in the hope of ftriking terror, to erett gib- 
bets in different places, whereon the bodies of all they 
might kill were to be hung. It was reported that fe- 
veral of thefe people were killed in confequence of this 
order; but none of their bodies being found (perhaps 
if any were killed they were carried off by their com- 
panions), the number could not be afeertained. Some 
prifoners, however, were taken, and fent to Sydney ; 
one man (apparently a cripple), five women, and fome 
children. One of the women, with a child at herbreaff, 
had been (hot through the (boulder, and the fame (hot 
had wounded the babe. They were immediately placed 
in a hut near our hofpital, and every care taken of them 
that humanity fuggefled. The man was faid, inflead 
of being a cripple, to have been very aCive about the 
farms, and inflrumental in fome of the murders which 
had been committed. In a fhort time he found mean* 
to efcape, and by fwimming reached the north (bore in 
fafety ; whence, no doubt, he got back to his friends. 
Captain Paterfon hoped, by detaining the prifoners and 
treating them well, that fome good effedl might refult; 
but finding, after fome time, that coercion, not atten- 
tion, was more likely to anfwer his ends, he fent the 
women back. While they were with us, the wounded 
child died, and one of the women was delivered of a 
boy, which died immediately. On our withdrawing 
the party, the natives attacked a farm nearly oppofite 
Richmond Hill, belonging to one William Rowe, and 
put him and a very fine child to death ; the wile, after 
receiving feveral wounds, crawled down the bank, and 
concealed herfelf among fome reeds half immerfed in 
the river, where (he remained a coniiderable time with- 
out afliftance : being at length found, this poor crea- 
ture, after having feen her hufband and her child flaugh- 
tered before her eyes, was brought into the hofpital at 
Paramatta, where (he recovered, though (lowly, of her 
wounds.’* 

By the vigorous meafures which were adopted, the 
colony, towards the clofe of 1796, had acquired a de- 
gree of (Length which feemed to enfure its future pro- 
fperity. Not only the neceffary edifices were raifed for 
the habitations of its people, but fome for the purpofes 
of religion, amufement, &c. A playhoufe had been 
ere&ed at the expence of fome perfons who performed 
in it for their own emolument, and who admitted audi- 
tors at one (hilling each. A convenient church had 
been built, a printing prefs had been fet up, the civil 

j E a co\irt 
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Wa!e?. court was open for the recovery of ctahts hy a(5bon and 

~*'~v for proving wills, licences had been iffued to regulate 
the lale of fp’irits, and palfage-boats were eftablilhed for 
the convenience of communication between the different 
fettlements. In the houfes of individuals were to be 

. found moft of the comforts, and not a few of the luxu- 
ries, of life ; and, in a word, the former years of fa- 
mine, toil, and difficulty, were now exchanged for thofe 
of plenty, eafe, and pleafurei 

The quantity of ground at this time in cultivation 
was 54x9 acres ; of which 2547 were occupied by fet- 
tlers. . The number of perfons in New South Wales 
and its dependencies amounted to 4848. The price of 
labour, however, compared with the prices of provi- 
fion, (as given in Mr Collins’s Tables), does not ap- 
pear fo b:gh as to enable the workman to live very 
comfortably. He who receives but three (hillings for 
Ins day’s work, and gives two (hillings for a pound of 
mutton, fifteen pence for a pound of pork, and half of 
that fum for a pound of flour, will fcarcely derive from 
his mere labour the fupport neceflary for a family. 

That many things are yet wanted to give full efFe£ 
to the advantages which the colony now enjoys, Mr 
Collins declares in the following paragraph, with which 
he concludes his account : 

“ I he want at this time of feveral public buildings 
in the fettlernent has already been mentioned. To this 
want mud be added, as abfolutely neceffiiry to the-well- 
being and comfort of the fettlers, and the profperity of 
the colony in general, that of a public flore, to be open- 
ed on a plan, though not exactly the fame, yet as libe- 
ral as that of the I (land of St Helena, where the Ead 
India Company iffiie to their own fervants European 
and Indian goods at jo er«/. advance on the prime 
cod. Confldering our immenfe didance from England 
a greater advance would be neceffary ; and the fettlers 
and others would be well fatisfied, and think it equally 
liberal, to pay 50 per cent, on the prime cod of all 
goods brought from England ; for at prefent they pay 
never lefs than 100, and frequently iodo, per cent, on 
what they have occafion to purchafe. It may be fup- 
pofed that government would not choofe to open an ac- 
count, and be concerned in the retail of goods; but any 
individual would find it to his intered to do this, par- 
ticularly if affided by government in the freight ; and 
the inhabitants would gladly prefer the manufatiures of 
their own country to the fweepings of the Indian ba- 
zars. 

“ The great want of men in the colony mud be Ap- 
plied as foon as a peace (hall take place ; but the want 
of refpeftable fettlers may, perhaps, be longer felt ; by 
thefe aie meant men of property, with whom the gen- 
tlemen of the colony could alibciate, and who (hould be 
thoroughly expenenced in the buiinefs of agriculture. 

> Should fuch men ever arrive, the adminidration of juf- 
tice might affume a lefs military appearance, and the 
trial by jury, ever dear and mod congenial to Englifli- 
men, be feen in New South Wales.” 

There is, however, one ferious difficulty which the 
colony has not yet overcome, and which, until it be 
overcome, will certainly prevent fuch men from fettling 
m New South Wales. Till fome daple commodity can 
be railed for exportation, indudrious free fettlers will 
never be tempted to emigrate from Europe to a coun- 
try where their indudry cannot procure the comforts as 

well as the necefiaries of life. The American colonies, Wale*, 
in their infancy, did not labour under this difadvantage. Walpole, 
Tobacco foon became, and /fill continues to be, an ar- 
tide of fnch importance, that its cultivation afforded 
the trans-atlantic farmers ready exchange for European 
commodities ; whild in New South Wales there feems 
to be no vegetable prcdu&ion of much value, except 
New Zealand hemp, •which is produced indeed in great 
abundance in Norfolk Eland, and which Captain Cook ■ 
long ago pointed out as an article of great importance 
to the Britifh navy. This is indeed a valuable plant, 
and grows in all the cliffs of the ifland, where nothing 
elfe will grow, in fufficient abundance to give condant 
employment to 5C#people; yet when Mr Collins left 
the fettlement, there was no more than one loom on the 
ifland, and the flay or reed was defigned for coarfe can- 
vas ; nor did they poffefs a fingle tool required by flax- 
dreffers or weavers beyond the poor fubditutes which 
they were obliged to fabricate for themfelves. In this 
defedt of neceffaries for the manufadlure, only 18 
people could be employed in it; and of thefe the uni- 
ted labour in a week produced 16 yards of canvas, of 
the fize called N° 7. 

Befides a ufeful mamifadtory of this plant, • which 
certainly might be. edabhfhed, the colony appears to 
polfefs feveral important advantages. From Mr Col- 
lins’s narrative, it appears probable that a feal and per- 
haps a whale fifhery might be eftablifhed with a fair 
profpedt of fuccefs; good rich earth is found near 
Sydney Cove ; there are immenfe drata.of coal in the 
fouthern part of New Holland ; Norfolk Ifland abounds 
with lime ; and vad quantities of fhells, which anfwer 
the fame purpofe, have been found on the main land. 
Though the wood in general be not of a durable kind, 
it appears that there is fome good timber near the 
Hawkefbury river; and at Norfolk Eland and New- 
Zealand it is remarkably fine. 

^ AT POLE (Horace, Earl of Orford), was the 
youngeft foil of the celebrated Sir Robert Walpole, af- 
terwards Earl of Orford, by his fird wife, Catharine, 
daughter of Robert Shorter, Efq. of Bybrook in Kent. 
He was born 1716; and was educated, fird at Eton 
fchool, and afterwards at Cambridge. At Eton he 
formed an intimate acquaintance with the celebrated 
poet Gray; and they went together on the tour of Eu- 
rope, in the years 1789’ ‘74°’and X/41* Unhappily 
they had a difpute in the courfe of their travels, which 
produced a feparation. 

Mi Walpole was able to make a fplendid figure du- 
ring the remainder of his dedined courle ; but poor 
Gray, after the feparation, was obliged to obferve a 
very fevere economy. “ This difference arofe from the 
difference of their tempers : the latter being, from his 
earlied years, curious, penfive, and philofophical ; the 
former, gay, lively, and inconfiderate. This, therefore, 
occalioned their feparation at Reggio. Mr Gray went 
before him to Venice; and (laying there till he could 
find means of returning to England, he made the bed 
of his way home, repaffing the Alps, and following al- 
mod the fame rout, through France, which he had be- 
foie gone to Italy. In judice to the memory of fo re- 
fpeclable a friend, Mr Walpole (fays Mr Mafon, Life 
°, 4to> p 41.) enjoins me to charge him with 
t te chief blame in their quarrel, confeffing that more 
attentipn, complaifance, and deference, to a warm friend- 

v ffiip, 
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Wu!po1e. {hip, and fuperior judgment and prudence, might have 
u,‘—v"”" prevented a rupture that gave much uneafinefs to them 

both, and a lafting concern to the furvivor ; though in 
the year 1744 a reconciliation was afFe&ed between 
them, by a lady who wifhed well to both parties.”— 
This event took place after their return to England ; 
but the 'wound in their friendfhip left a fear that never 
was totally effaced. 

We do not, indeed, think that Horace Walpole and 
Mr Gray were formed, either by nature or by habits, 

. to continue long in a hate of intimate friendfhip. Gray 
appears to have been a man of the pureft moral prin- 
ciples, a friend to religion, penlive, and at leaft fuffi- 
ciently confcious of his intellectual powers and intellec- 
tual attainments. Walpole’s morality was certainly of 
a loofer kind ; he feems to have had no religion ; he 
was often unfeafonably gay ; and to air'equal (hare of 
intellectual pride, though without equal reaion, he add- 
ed the pride of birth. It can therefore excite no fur- 
prife that a man of Gray’s independent fpirit could not 
bear the fupercilious freaks of fuch a character. 

Mr Walpole was nominated to reprefent the city of 
Norwich, when his father vifited it July 3d, I733> ha- 
ving acquired confluence, not only as the fon of the 
minifter, but as having attended the Prince of Orange 
to England in that year. He was chofen member for 
Collington, in Cornwall, in the parliament which met 
June 25th, 1741 ; was a fecond time in parliament as 
reprefentative for Caflle-Rdfing, in Norfolk, in 1747; 
and for King’s Lynn in 1754 and 1761 ; and, at the 
expiration of that parliament, he finally retired from the 
ffage of politics, and confined himtelf wholly to literary 
purfuits. He held to his death the office of ufher of 
his Majefty’s exchequer, comptroller of the pipe, and 
clerk of the eftreats. Upon the death of his nephew, 
George thiid Earl of Orford, 1791, he fucceeded to 
tb? title apd eilates ; but that event made fo little alte- 
ration in his mode of living, that we know not whether 
he ever took his feat in the houfe of peers. During al- 
mofl the whole courfe of his life he was the viClim of 
the gout, which at lail reduced him to a cripple : but 
it never impaired his faculties ; and, to the very mo- 
ment of death, his underttanding feemed to bid defi- 
ance to the fliock of Nature. He died at his houfe in 
Berkefiey Square, in 179S, having juft entered his 80th 
year; and was interred in the family vault at Hough- 
ton, in a private maimer, agreeably to his particular di- 
rections. 

1. s H orace, Lord Orford, was never married, and, by 
one of his biographers, his chief miftrefs through life is 
laid to have been the mufe It is certain that he devo- 
ted the greater part of his life to belles lettres and vir- 

* tu, though he ridiculoufly afieCted, in his letters to his 
friends, to defpife learning and learned men, for which 
he was very properly reprimanded both by Gray and 
Hume. It vv^s ai] affeCtation peculiarly abfurd in him, 
who was conftantly^publifhing fomething, and who wrote 
with uncommon acrimony againft all who prelumed to 
call in queftion the fidelity of the picture which he had 
drawn of Richard III. or indeed to controvert any of 
his opinions. Hence his antipathy to Johnfon, becaufe 
he was a tory, a Chriftian, and a rigid moralift ; whilft 
he himfelf was a whig, an infidel, and fuch a moralift as 
could retail, without bluffiing, all the fcandaleus anec- 

dofes, whether true or falfe, of that auguft family, fromw-irmpr- 
whom he acknowledged his whole fortune to be deri- * * 
ved. He had, indeed, another reafon for difliking John- 
fon. Lord Orford fhone in converfation, and furpaf- 
fed all his contemporaries in that kind of talk which, 
without dazzling by its wit, always delighted ; while 
Johnfon, when roufed, knocked down, as by a flafh of 
lightning, his Lordfhip, and every one tlfe who had the 
confidence before him to talk profanely. Johnfon’s 
wit was original ; Lord Orford’s confuted of ludicrous 
{lories and of literary and political anecdotes. His 
woiks, of which by far the moft valuable part has long 
been in the hands of the public, were colleCted in 1798, 
and publifhed in five volumes qto. They refemble his 
converfation, being rather amufing than profound or 
inftruCtive. 

WARING (Edward, M. D.), Lucafian ProfefTbr 
of Mathematics in the univerfity of Cambridge, was the 
fon of a wealthy farmer, of the Old Heath, near Shrewf- 
bury. The early part of his education he received at 
the free-fcTiool in Shrewfbury ; whence he removed to 
Cambridge, and was admitted on the 24th of March 
17533 member of Magdalen college. Here his talents 
for abftrufe calculation foon developed themfelves, and, 
at the time of taking his degree, he was confidered as 
a prodigy in thofe fciences which make the fnbjedt. of 
the bachelor’s examination. The name of Senior Wrang- 
ler, or the firft of the year, was thought fcarcely a fuf- 
ficient honour to diftinguifti one who fo far outlhone 
his contemporaries ; and the merits of John Jebb were 
fufficiently acknowledged, by being the fecond in the 
lift. Waring took his firft, or bachelor’s degree, in 
1757, and the Lucafian Profeflbrfhip became vacant be- 
fore he was of fufficient {landing for the next, or mafterV 
degree, which is a neceftary’'qualification for that office. 
This defedl wras fupplied by a royal mandate, through 
which he became mailer of arts in 1760 ; and ftiortly 
after his admilfion to this degree, the Lucafian Prqfeftbr. 

The royal mandate is too frequently a fereen for in- 
dolence ; and it is nowr become almolt a cuftom, that 
heads of colleges, who ought to fet the example in dif- 
cipline to others, are the chief vlolaters of it, by making 
their office a pretext for taking their dodtor’s de- 
gree in divinity, without performing thofe exercife# 
which were deligned as proofs of their qualifications. 
S.uch indolence cannot be imputed to Waring ; yet ie- 
veral circumftances, previous to his eledlion into the 
profefibrial chair, difeovered that there was, at leaft, one 
perfon in the univerfity who difapproved of the antici- 
pation of degrees by external influence.—Waring, be- 
fore his ele&ion, gave a fmali fpecimen of his abilities, 
as proof of his qualification for the office which he was 
then foliciting ; and acontroverfy on his merits enfued 
Dr Powell, the mafter of St John’s College, attacking, 
in tw'O pamphlets, the Profeflbr ; and his friend, after- 
wards judge Wilfon, defending. The attack waslcarce- 
ly warranted by the errors in the fpecimen ; and the 
abundant proofs of talents in the exercife of the pro- 
fefTorial office are the bell anfwersto the farcafms which 
the learned divine amufed himfelf in calling on riling- 
merit. An office held by a Barrow, a Newton, a Whi- 
fton, a Cotes, and a Sanderfon, mull excite an ingenu- 
ous mind to the greateft exertions ; and the new Pro- 
fefibr, whatever may have been his fuccefs, did not fall 

behind 
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Waring, behind any of his predecefTors, in either zeal for the 

fcience, or application of the powers of his mind, to 
extend its bounderies. In 1762, he publifhed his Mif- 
cellanea Analytica; one of the moil abftrufe books 
written on the abltrufeft parts of algebra. This work 
extended his fame over all Europe. He was ele&ed, 
without felicitation on his part, member of the focie- 
ties of Bononia and Gottingen ; and received flatter- 
ing marks of elleem from the mod eminent mathema- 
ticians at home and abroad. The difficulty of this 
work may be prefumed from the writer’s own words, 
** I cannot fay that I know any one who thought it 
worth while to read through the whole, and perhaps 

. not the half of it.” 
Mathematics did not, however, engrofs the whole of 

his attention. He could dedicate fome time to the 
ftudy of his future profeffion ; and in 1767, he was ad- 
mitted to the degree of do&or of phyfic ; but, whether 
from the incapacity of uniting together the employ- 
ments of a&ive life with abftrufe fpeculation, or from 
the natural diffidence of his temper, for which he was 
mod; peculiarly remarkable; the degree which gave him 
the right of exercifing his talents in medicine was to 
him merely a barren.title. Indeed he was fo embarraffed 
in his manners before ftrangers, that he could not have 
made his way in a profeflion in which fo much is done 
by addrefs ; and it was fortunate that the cafe of his 

■circumllances permitted him to devote the whole of his 
time to his favourite purfuit. His life paffed on, mark- 
ed out by difeoveries, chiefly in abdrafk fcience ; and 
by the publication of them in the Philofopbical Tranf- 
aftions, or in feparate volumes, under his own infpec- 
tion. He lived fome years after taking his doddor’s 
degree, at St Ives, in Huntingdonlhire. While at Cam- 
bridge he married—quitted Cambridge with a view of 
living at Shrewftmry ; but the air or fmoke of the town 
beinginjurioustoMrs Waring’shealth, he removed tohis 
own eftate at Plaifley, about 8 miles from Shrevvlbury, 
where he died in 1 797,univerfally efteemed for inflexible 
integrity, modefty,plainnefs, and fimplicity of manners. 
They who knew the greatnefs of his mind from his wri- 
tings looked up to him with reverence everywhere ; 
but he enjoyed himfelf in domeftic circles with thofe 
chiefly among whom his purfuits could not be the ob- 
je£l either of admiration or envy. The outward pomp 
which is affedled frequently in the higher departments 
in academic life, was no gratification to one whofe ha- 
bits were of a very oppotite nature ; and he was too 
much occupied in fcience to attend to the intrigues of 
the univerfity. There, in all queftions of fcience, his 
word was the law ; and at the annual examination of 
the candidates for the prize inftituted by Dr Smith, he 
appeared to the greateft advantage,. The candidates 
were generally three or four of the heft proficients in 
the mathematics at the previous annual examination for 
the bachelor’s degree, who were employed from nine 
o’clock in the morning to ten at night, with the excep- 
tion of two hours for dinner, and twenty minutes for 
tea, in anfwering, viva voce^ or writing down anfwers 
to the profeffor’s queftions, from the firft rudiments of 
philofophy to the deepeft parts of his own and Sir 
Ifaac Newton’s works. Perhaps no part of Europe 
affords an inftance of fo fevere a procefs ; and there was 
never any ground for fufpe&ing the Profeffor of partia- 

The zeal and judgment with which he perform- 
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ed this part ofhis office cannot be obliterated from the Wiring, 
memory of thofe who paffed through his fiery or- 
deal. 

Wifbing to do ample juftice to the talents and virtue 
of the Profeffor, we feel oui felves fomewhat at a lofs in 
fpeaking of the writings by which alone he will be 
known to pofterity. He is the difeoverer, according 
to his own account, of nearly 400 propofitions in the 
analytics. This may appear a vain glorious boaft, efpe- 
cially as the greater part of thofe difeoveries are likely 
to fink into oblivion ; but he was, in a manner, com- 
pelled to make it by the infolence of Lalande, who, in 
his life of Condorcet, afferts that, in 1764, there was 
no firft-rate analyft in England. In reply to this affer- 
tion, the Profeffor, in a letter to Dr Maflcelyne, firft. 
mentions, with proper refpedt, the inventions and wri- 
tings of HariTot, Briggs, Napier, Wallis, Halley, 
Brunker, Wren, Pell, Barrow, Mercator, Newton, L)e 
Moivre, Maclaurin, Cotes, Stirling, Taylor, Simpfon, 
Emerfon, Landen, and others ; of whom Emerfon and 
Landen were living in 1764. He then gives a fair and 
full detail of his own inventions, of which many were - 
publifhed anterior to 1764 ; and concludes his letter in 
thefe words. 

“ I know that Mr Lalande is a firft. rate aftronomer, 
and writer of aftronomy ; but I never heard that he was 
much converfant in the deeper parts of mathematics ; 
for which reafon I take the liberty to alk him the fol- 
lowing queftions: 

“ Has he ever read or underftood the writings of 
the Englifh mathematicians : and, as the queftion comes 
from me, I fubjoin, particularly of mine i If the an- 
fwer be in the negative, as it is my opinion, if his an- 
fwer be the truth, that it will, then there is an end of 
all further controverfy but if he afferts that he has, 
which is more than Condorcet did by his own acknow- 
ledgment, then he may know, from the enumeration of 
inventions made in the prefaces, with fome fubfequent 
ones added, that they are faid to amount to more than 
400 of one kind or other. Let him try to reduce thofe 
to as low a number as he can, with the leall appearance 
of candour and truth ; and then let him compare the 
number with the number of inventions of any French 
mathematician or mathematicians, either in the prefent 
or paft times, and there will refult a comparifon (if I 
miftake not) not much to his liking ; and, further, let 
him compare fome of the firft inventions of the French 
mathematicians with fome of the firft contained in my 
works, both as to utility, generality, novelty, difficulty, 
and elegance, but wifely as to utility, there is little con 
tained in the deep parts of any fcience; he will find their 
difficulty and novelty from his difficulty of underftand- 
ing them, and his never having read any thing fimilar 
before ; their generality, by the application of them ; 
principles of elegance will differ in different perfons.— 
I muft fay, that he will probably not find the difference 
expefted. After or before this inquiry is inllituted 
for mine, let him perform the fame for the other Eng- 
lifh mathematicians ; and when he has completed fuch 
inquiries, and not before, he will become a judge of the v 

juitice of his affertion ; but I am afraid that he is not 
a fufficient adept in thefe fludies to inftitute fuch in- 
quiries ; and if he was, fuch inquiries are invidious, 
troublefome, and of fmall utility.” 

By mathematical readers this account, which was not 
publi ftied 
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Waring, publiftied by the Profeflbr himfelf, Is allowed to be very 
 v little, if at all, exaggerated. Yet If, according to his 

own confeflion, “ few thought it worth their while to 
read even halfofhis works,” there muft be fome grounds 
for this negle£l, either from the difficulty of the fub- 
jsCt, the unimportance of the difcoveries, or a defe& in 
the communication of them to the public. The fubje&s 
are certainly of a difficult nature, the calculations are 
abftrufe ; yet Europe contained many perfons not to be 
deterred by the molt intricate theorems. Shall we fay, 
then, that the difcoveries were unimportant ? If this 
were really the cafe, the want of utility would be a 
very fmall difparagcment among thofe who cultivate 
fcience with a view chiefly to entertainment and the ex- 
ercife of their rational powers. We are compelled, then, 
to attribute much of this neglett to a perplexity in 
ftyle, manner, and language ; the reader is Hopped at 
every inflant, firil to make out the writer’s meaning, 
then to fill up the chafm in the demonftration. He 
mull invent anew every invention ; for, after the enun- 
ciation of the theorem or problem, and the mention of 
a few fteps, little affiftance is derived from the Profef- 
for’s powers of explanation. Indeed, an anonymous 
writer, certainly of very confiderable abilities, has apt- 
ly compared the works of Waring to the heavy appen- 
dages of a Gothic building, which add little of either 
beauty or liability to the ftrudlure. 

A great part of the difcoveries relate to an alfump- 
tion in algebra, that equationsmay be generated by mul- 
tiplying together others of inferior dimenfions. The 
roots of thefe latter equations are frequently terms 
called negative or impojfille ; and the relation of thefe 
terms to the coefficients of the principal equation is a 
great objeft of inquiry. In tlvs art the profelfor was 
very fuccefsful, though little affiftance is to be derived 
from his writings in looking for the real roots. We 
(hall not, perhaps, be deemed to depreciate his merits, if 
we place the feries for the fum of the powers of the roots 
of any equation among the moft ingenious of his difco- 
veries ; yet we cannot add, that it has very ufefully en- 
larged the bounds of fcience, or that the algebraift will 
ever find occafion to introduce it into p raft ice. We 
may fay the fame on many ingenious transformations 
of equations, on the difcovery of impoffible roots, and 
fimilar exertions of undoubtedly great talents. They 
have carried the aflumption to its utmoft limits ; and 
the difficulty attending the fpeculation has rendered 
perfons more anxious to afcertain its real utility ; yet 
they who rejeft it may occafionally receive ufeful hints 
from the Mifcellanea Analytica. 

The firft timeof Waring’s appearing in public as an 
author was, we believe, in the latter end of the year 
1759, when he puhliihed the firft chapter of the Mif- 
cellanea Analytica, as a fpecimen of his qualifications 
for the profeftorffiip ; and this chapter he defended, in 
a reply to a pamphlet, intitled, “ Obfervations on the 
Firft Chapter of a book called Mifcellanea Analytica.” 
Here the Profeflbr was ftrangely puzzled with the com- 
mon paradox, that nothing divided by nothing may be 
equal to various finite quantities,, and has recourfe to 
unqueftionable authorities in proof of this pofition. The 
names of Maclaurin, Sanderfon, De Moivre, Bernoulli, 
Monmort, are ranged in favour of his opinion : But Dr 
Powell was not fo eafily convinced, and returns to the 
charge in defence of the Obfervations j to which the 
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Profeflbr replied in a letter to the Rev. Dr Powell, 
Fellow of St John’s college, Cambridge, in anfvver to1" 
his obfervations, &c. In this controverfy, it is certain 
that the Profeflbr gave evident proofs of his abilities ; 
though it is equally certain that he followed too im- 
plicitly the decilions of his predeceflbrs. No apparent 
advantage, no authority whatever, fhould induce mathe- 
maticians to fwerve from the principles of right reafon- 
ing, on which their fcience is fuppofed to be peculiarly 
founded. According to Maclaurin, Dr Waring, and 

a — x 
others, If P = -7——then, when * = a, P is equal 

to—— ; for, fay they, -is equal to 

a -f* * 
that -is, when x is equal to <z, P = a x* or 

2 a 
But when x is equal to a, the numerator and de- 

nominator of the fraftion are both, in their 

language, equal to nothing. Therefore, nothing divi- 

ded by nothing is equal to ~. In the fame manner, 

a^ — xJ c? -p + ** 
1 

becomes —2. 
3 * 

equal to a 

by nothing is equal to or —7 = that is, 

Waring, 
—' 

< , which, when x is a — x 

Therefore, nothing divided. 

3 a 2* 3^ 

= ; which is abfurd. But we need only trace back 

our fteps to fee the fallacy in this mode of reafoning. 
... a ~~~ x 

For P is equal to fome number multipled into ^ ^ 

that is, when x is equal to a, P is equal to fome num- 
ber multiplied into nothing, and divided by nothing ; 
that is, P is, in that cafe, no number at all. For a — a 
cannot be divided by a — x when x is equal to at fince, 
in that cafe, a — * is no number at all. 

If, in the beginning of his career, the Profeflbr could 
admit fuch paralogifms into his fpeculations, and the 
writings of the mathematicians, for nearly a century be- 
fore him, may plead in his excufe, we are not to be 
furprifed that his difcoveries (hould be built rather on 
the aflumptions of others than on any new principles of 
his own. Acquiefcing in the ftrange notion, that no- 
thing could be divided by nothing, and produce a va- 
riety of numbers, he as eafily adopted the pofition, that 
an equation has as many roots as k lias dimenfions.— 
Thus 2 and — 4 are faid to be roots of the equation 

— 2x =z 8, though 4 can be the root only of the 
equation ; x1 — 2 x = 8, which differs fo materially 
from the preceding* that in one cafe 2 x is added, in the 
other cafe it is fubtrafted from x2. 

Allowances being made for this error in the prin- 
ciples, the dediiftions are, in general, legitimately 
made ; and any one, who can give himfelf the trouble 
of demonftrating the propofitions, may find fufficient 
employment in the Profeffor’s analytics. Perhaps it 
will be fufficient for a ftudent to devote his time to 
the fimpleft cafe _+ I = O ; and when he has found 
a few thoufand roots of -f- 1 and — 1, the publication 
of them may afford to pofterity a ftrong proof of the - 

ingenuity'. 
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ingenuity of their predeceflbrs, and the application of 
the powers of their mind to ufeful and important truths 
In this exercife may be confulted the method given by 
the Profeffor, of finding a quantity, which, multiplied 
into a given irrational quantity, will produce a rational 
product, or confequently exterminate irrational quan- 
tities out of a given equation ; but if an irrational quan- 
tity cannot come into an equation, the utility of this 
invention will not be admitted without hefitation. 

The “ Proprietates Algebraicarum Curvarum,” pub- 
lifhed in 1772, necefiarily labour under the fame defe&s 
with the Mifcellanea Analytica, the Meditationes Al- 
gebraicas, publilhed in 1770, and the Meditationes A- 
nalyticae, which were in the prefs during the years 

,774» ,775> ,77^* Thefe were the chief and 
the moft laborious works edited by the Profeflbr; 
and in the Philofophical Tranfaftions is to be found a 
variety of” papers, which alone would be fufficient to 
place him in the firft rank in the mathematical world. 
The nature of them may be feen from the following ca- 
talogue. 

Vol. LIII. p. 294, Mathematical Problems.—LTV. 
193. New properties in Conics.—LV. 143. Two The- 
orems in Mathematics.—LXIX. Problems concerning 
Interpolations.—86. A General Refolution of Alge- 
braical Equations.—LXXVI. 81. On Infinite Series. 
LXXV1I. 71. On Finding the Values of Algebraical 
Quantities by Converging Seriefes, and Demonftrating 
and Extending Propofitions given by Pappus and o- 
thers.—LXXVIII. 67. On Centripetal Forces. Ib. 
588. On fome Properties of the Sum of the Divifion 
of Numbers.—LXXIX. 166. On the method of Cor- 
refpondent Values, &c.—Ib. 185. On the Refolution of 
Attra&ive Powers.—LXXXI. 146. On Infinite Serie- 
fes.—LXXXIV. 385 — 415. On the Summation of 
thofe Seriefes whofe general term is a determinate func- 
ion of z, the diltance of the term of the Series. 

t For thefe papers, the Profeffor was, 101784, defer- 
vedly honoured by the Royal Society with Sir God- 
frey Copley’s medal ; and moil of them afford very 
ftrong proofs of the powers of his mind, both in ab- 
llradl firience, and the application of it to philofophy ; 
though they labour, in common with his other works, 
under the difadvantage of being clothed in a very un- 
attractive form. The mathematician, who has refo- 
lution to go through them, will not only add much to 
his own knowledge, but be ufefully employed in dila- 
ting on thofe articles for the benefit of the more gene- 
ral reader. We might add in this place, a work writ- 
ten on morals and metaphyficr. in the Englifh language ; 
but as a few copies only were prefented to his friends, 
and it was the Profeffor’s wifh that they fiiould not have 
a more extenfive circulation, we lhall not here enlarge 
upon its contents. 

In the mathematical world, the life of Waring may 
be confidered as a diftinguifhed sera. T he ftridlnefs of 
demonftratioh required by the ancients had gradually 
fallen into difufe, and a more commodious, though al- 
moft mechanical mode by algebra and fluxions took its 
place, and was carried to the utmoft limit by the Pro- 
teffor. Hence many" new demonftrations may be attri- 
buted to him, but 400 difeoveries can fcarcely fall to 
the lot of a human being. If we examine thoroughly 
thofe which our Profeffor would diftinguilh by fuch 
names, we ftiall find many to be mere deductions, o« 
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thers, as in the folution of biquadratics, anticipated by Warton. 
former writers. But if we cannot allow to him the me-  v—— 
rit of fo inventive a genius, we muff applaud his aflidui- 
ty ; and, diftinguifhed as he was in the fcientific world, 
the purity of his life, the limplicity of his manners, and 
the zeal which he always manifeffed for the truths of 
the Gofpel, will intitle him to the refpeCl of all who 
do not elteem the good qualities of the heart inferior to 
thofe of the head. 

WARTON (Jofepb, D. D.) was born either to- 
wards the end of the year 1721, or in the beginning of 
the year 1722. Fie was the eldell fon of Thomas War- 
ton, B. D. who had been fellow of Magdalen College, 
Oxford ; poetry profeffor from the year 1718 to 1728, 
and vicar of Balingftoke in Hampihire, and of Cob- 
ham in Surrey. Where the fubjedt of this memoir was 
born we have not learned, though, were we to hazard 
a conjeClure, we would fay that it was in Oxford, as 
his father probably refided in that city during his pro* 
fefforfhip. 

Our knowledge of the private hiftory of Dr Warton 
is indeed extremely limited. We do not even know at 
what fehool, or in what college, he was educated ; tho* 
it was probably at Winchefter fehool, and certainly in 
fome of the colleges in the univerfity of Oxford. For 
many years, he was fueceflively under and upper mafter 
of Winchetter college ; but refigned the lait of thefe 
offices when he found the infirmities of age coming up- 
on him ; and was fucceeded by Dr Goddard the prefent 
excellent mailer. He was likewife prebendary of the 
cathedral church of Winchelter, and reClor of Wick- 
ham in Hampihire, where he died, aged 78. 

His publications are few, but valuable. A fmall col- 
lection of poems, without a name, was the firff. of them, 
and contained the Ode to Fancy, which has been fo 
much and fo delervedly admired. They were all of 
them afterwards printed in Dodlley’s collection. He 
was alfo a confiderable contributor to the Adventurer, 
publilhed by Dr . Havvkeiworth ; and all the papers 
which contain criticifms on Shakefpeare were written 
by him and his brother Thomas Warton, the fubjeCt of 
the next article. 

The full volume of his Effay on the Life and Wri- 
tings of Pope was publifhed, had pafftd through feveral 
editions, and an interval of between 20 and 30 years 
had clap fed, before he gave a fecond volume of that ele- 
gant and inftrudive work to the world. He had not 
only meditated, but had colleded materials fora literary 
hiltory ot the age ol Leo X. ; and propofals were ac- 
tually in circulation for a work of that kind ; but it is 
probable tiiat the duties of his llation did not leave him 
the necelfyry leifure for an undertaking which required 
years of feclulion and independence. His lalt and late 
work, which he undertook for the booklellers at a very 
advanced age, was an edition of Pope’s Works, that 
has not altogether fatisfied the public expectation. He 
retaintJ, with great propriety indeed, many of the 
notes of Waiburton; but is feverely reprehended by 
the author of the Purfuitsof Literature for fuppreffing 
the name of that prelate on his title-page, or including 
it only, as fubordinate to his own, in the general ex- 
preflion others. 

Dr Warton was cheerful in his temper, convivial in 
his difpofition, of an elegant talle and lively imagina- 
tion, with a large portion of fcholarfhip, and a very 

general 
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Warton. general knowledge of the Belles Lettres of Europe ; it 
u -v— ' may be prefumed that Dr Warton poflfefled, beyond 

moll men, the power of enlivening ClalTical Society. 
He was the intimate friend of Dr Johnfon ; was feen 
at the parties of Mrs Montague, as well as at the table 
of Sir Jolhua Reynolds, and was an original member 
of the Literary Club. He pofiefled a liberal mind, a 
generous difpofition, and a benevolent heart. He Was 
not only admired for his talents and his knowledge, but 
was beloved for thofe qualities which are the bell gifts 
of this imperfedl Hate. 

Warton (Thomas) the brother of the preceding, 
was born in the year 1728. He received, as we have 
reafon to believe, the firfl. part of his education at Win- 
chefter ; and at the age of 16 was entered a commoner 

D/V?.of Trinity College, Oxford, under the tuition of Mr 
Geering. 

He begap his poetical career at an early age. In 
- 17451 he publilhed five palloral eclogues, in which are 

beautifully defcribed the rniferies of war to which the 
fhepherds of Germany were expofed. Not long after, 
in the year 1748, he had full fcope afforded for the ex- 
ertion of his genius. It is well known that Jacobite 
principles were fufpefted to prevail in the univerfity of 
Oxford about the time of the rebellion in the year 174^. 
Soon after its fupprellion, the drunkennefs and folly of 
fome young meu gave offence to the court, in confe- 
quence of which a profecution was inftituted in the 
court of King’s Bench, and a iligma was fixed on the 
vice chancellor and fome other heads of colleges in Ox- 
ford.' Whilft this affair was the general fubjedl of con- 
verfation, Mr Mafon publifhed his “ Ifis,” an elegy, in 
which he adverts to the above-mentioned circumftances. 
In anfwer to this poem, Mr Warton, encouraged by 
Dr Huddesford, the prefident of his college, publilhed, 
in 17491 “The Triumph of Ifis,’’ which excelled more 
in manly expoftulation and dignity than the poem that 
produced it did in neatnefs and elegance. With great 
poetical warmth, and a judicious fele&ion of circum- 
ftances, he chara£lerifes the eminent men who had been 
educated in Oxford, and draws a ftriking and animated 
portrait of Dr King, the celebrated public orator of 
that time. The whole poem {hews the early maturity 
of his genius, and is finifhed with happy diligence. 

In the year 1751, he fucceeded to a fellow {hip of his 
college, and was thus placed in a fituation eafy and in- 
dependent, and particularly congenial with his habits of 
retirement and ftudy. In 1753, appeared his obferva- 
tions on “ The Faery Queen of Spencer,” in 8vo, a 
work which he corrected, enlarged, and republilhed, in 
two volumes crown oflavo, in the year 1762. He fent 
a copy of the firft edition to Dr Johnfon, who, in a 
letter to him upon the fubjeft, expreffed this handfome 
compliment: “ I now pay you a very honeft acknow- 
ledgment for the advancement of the literature of our 
native country : you have {hewn to all, who fiiall here- 
after attempt the ftudy of ancient authors, the way to 
fuccefs, by directing them to the perufal of the books 
which thefe authors had read.” 

In 1754, Dr Johnfon vifited Oxford for the firft 
time after he had quitted refidence there. Much of his 
time was fpent with Mr Warton ; and there appeared 
to have been a coufiderable degree of confidential inter- 
courfe between them upon literary fubjetts; and parti- 
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cularly on their own works. A pleafmg account of 
this vifit was communicated by Mr Warton to Mr Bof- 
well, who has inferted it in his life of Johnfon. 

' '755» Mr Warton exerted himfelf to procure for 
his friend the degree of mafter of arts by diploma from 
the univerfity of Oxford ; an honour which Johnfon 
efteemed of great importance to grace the title page of 
his dictionary which he was about to publifii. In 
1756, Mr Warton was elected profefforof poetry, which 
office he held for the ufual term of ten years. His 
letures were remarkable for elegance of dition and 
jullnefs of obfervation. One of them, on the fubjet of 
paftoral poetry, was afterwards prefixed to his edition 
of Theocritus. In 1758, he contributed to afiift Dr 
Johnfon in the fubfeription to his edition of Shake- 
ipeare, and furniffied him with fome valuable notes. 
The Doctor remarks, in a letter to him, when foliciting 
his farther aid, “ It will be reputable to my work, and 
fuitable to your profefforftiip, to have fomething of 
yours in my notes.” 

From the Clarendon prefs, in the year 1766, he pub- 
lifhed “ Anthologiac Grsecas, a Conftantino Cephala 
conditae, Libri tres,” in-2 vols, 1 2mo. He concludes 
the learned and claffical preface to this work, which is 
replete with accurate remarks on the Greek epigram, 
in the following words, which mark this publication for 
his own : “ Vereor ut haftenus in plexendis florum co- 
rollis otium nimis longum pertraxerim- Proxime fe- 
quetur, cui nunc omnes operas et vires intendo, Theo- 
critus. Interea quafi promulfidem convivii Le&oribus 
meis elegantias hafee vetuftatis erudite propino. 

In the year 177c, he conferred a fimilar honour up. 
on the academical prefs by his edition of Theocritus, 
in 2 vols, 8vo. He undertook this work by the advice 
of Judge Blackftone, then fellow of All Souls College, 
and an ardent promoter of every publication that was 
likely to do credit to the Clarendon prefs. This ela- 
borate publication reflects no fmall credit on the learn- 
ing, diligence, and talte of the editor. 

In 1771, he was elected a fellow’ of the Antiquarian 
Society, and was prefented by the Earl of Litchfield to 
the fmall living of Kiddington in Oxfordffiire, which 
he held till his death. He likewife in this year publilh- 
ed an improved accoiyat of “ The Life of Sir Thomas 
Pope, founder of Trinity College, Oxford. In com- 
pofing thefe memoirs, he bellowed much labour and re- 
fearch, and {hewed great judgment in the arrangement 
of his materials. But pofiibly, in his ardour to pay> a 
debt of gratitude, he has not fuffic*iently confidercd 
what was due to his own fame. The fame ftrength of 
defeription and vigour of remark would have better 
fuited the life of fome eminently diftinguifited character, 
and extended the reputation of the author as a bio- 
grapher beyond the circle of thofe academical readers 
who are influenced^by the fame feelings of veneration, 
refpedl, and gratitude which prompted Mr Warton to 
compofe this work. The preface contains fome excellent 
remarks on biographical writing. 

The plan for a hiftory of Engliffi poetry was laid by- 
Pope, enlarged by Gray : but to bring an original plan 
nearly to a completion wasreferved for the perfeverance 
of Warton. In 1744 appeared his firft volume; in 
1778, the fecond and third ; w hich brings the narrative 
down to the commencement of the reign of -Elizabeth 
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Wart on. in 1581. This work* displays the moft lingular com- 

bination of extraordinary talents and attainments. It 
unites the deep and minute refearches of the antiquary 
with the elegance ot the claffical fcholar and the Ikdl 
of the praflifed writer. The ll.yle is vigorous and man- 
ly ; the obfervations acute and jult ; and the views of 
the fubjeft are extenfive and accurate. 

In I 777> he collected his poems into an oftavo vo- 
lume, containing mifcellaneous pieces, odes, and fon- 
nets. This publication may be confidered in fome 
meafure original; there being only feven pieces that 
had before appeared, and near three times that num- 
ber which were then printed for the firft time. 

In vindication of the opinion he had given in his fe- 
cond volume of “ The Hiftory of Poetry,’' relative to 
the ingenious attempt of Chatterton to impofe upon 
the public, he produced, in 1782, “ An Inquiry into 
the Authenticity of the Poems attributed to Rowley." 
In this excellent pamphlet the principles of true criti- 
cifm are laid down, an appeal is properly made to the 
internal evidence of the poems; and upon thefe grounds 
it is proved, in the mod fatisfattory manner, that they 
could not have been written bya monk of the fourteenth 
century. 

The year 1785 brought him. thofe diftin&ions which 
were no lefs honourable to thofe who conferred than to 
him who received them. He was appointed poet-laureat 
on the death of Whitehead, and ele&ed Camden pro- 
fefibr of ancient hiftory on the refignation of Dr Scott. 
His inauguration ledture was delivered in a clear and 
imprefiive manner from the profeftbrial chair. It con- 
tained excellent obfervations on the Latin hiftorians, 
and was written in a ftrong, perfpicuous, and claflical 
flyle. In his odes, the vigour and brilliancy of his 
fancy were not proftituted to an infipid train of courtly 
complements: each prefents an elegant fpecimen of de- 
fcriptive poetry, and as all of them have only a flight 
relation to the particular occafion on which they were 
written, and have always a view to fome particular and 
interefting fubjcft, they will be perufed with pleafure as 
long as this fpecies of compofition is admired. 

He made occafional journeys to London to attend 
the literary club, of which he was fome years a member; 
and to vifit hisfncnds,pamcularly Sir Jofhua Reynolds. 
At his houfe he was fure to meet perfons remarkable 
for fafhion, elegance, and tafte. 

H is laft publication, except his official odes, confift- 
«d of Milton’s fmaller poems. A quarto edition ap- 
peared in 1790, with corre&ions and additions. The 
great object of thefe notes is to explain the allufions of 
Milton, to trace his imitations, and to illuftrate his 
beauties 

Until he reached his fixty fecondyear, he continued 
to enjoy vigorous and uninterrupted health. On being 
feized with the gout, he went to Bath, and flattered 
himfelf, on his return to college, that he was in a fair 
way of recovery. But the change that had taken place 
in his conftitution was vifible to his friends. On 
Thurfday, May 20, 1790, he palled the evening in the 
common room, and was for fome time more cheerful 
than ufual. Between ten and eleven o’clock he was 
flruck with the palfy, and continued infenfible till his 
death, which happened the next day at two o’clock. 
On the 27th, his remains were interred in the college 
chapel with the moft diftinguifhed academical honours. 
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The infeription upon the fiat ftone which is placed 
over his grave contains only an enumeration of his pre- 
ferments. 

Such w'as the general condudt and behaviour of Mr 
Warton as to render him truly amiable and refpe&able. 
By his friends he w'as beloved for his open and eafy 
manners; and by the members of the univerfity at large 
he was refpected for his conflant relidence, tlrong at- 
tachment to Alma Mater, his ftudious purfuits, and 
high literary chara&er. In all parties where the com- 
pany accorded with his inclination, his converfalion was 
eafy and gay, enlivened with humour, enriched with 
anecdote, and pointed wuth wit. Among his pecu- 
liarities it may be mentioned that he was fond of all 
military fights. He was averfe to ilrangers, particu- 
larly to thofe of a literary turn ; and yet he took a great 
pLafure in encouraging the efforts of rifing genius, and 
afiilting the ftudious with his advice ; as many of the 
young men of his college, who (hared his affability and 
honoured his talents, could teftify. He was bred in the 
febool of punfters ; and made as many good ones as Bar- 
ton and Leigh, the celebrated word-hunters of his day. 
Under the mafic of indolence, no man was more bufy ; his 
mind was ever on the wing in fearch ot fome literary orey. 
Although, at the accurtomed hours of Oxford ftudy, ho 
was often feen fauntering about, and converfing with 
any friend he chanced to meet ; yet, when others were 
walling their mornings in deep, he was indulging his 
meditations in his favourite walks, and courting the 
Mufes. His fituation in Oxford was perfe&ly conge- 
nial with his difpolition, whether he indulged his Lilies 
of pleafantry in the common room, retired to his own 
ftudy, or to the Bodleian library; fauntered on the banks 
of his favourite Cherwell, or furveyed, with the enthu- 
fiaftic eye of tafte, the ancient gateway of Magdalen 
College, and other fpecimtns of Gothic archite&ure. 

The following is a lift; of Mr Warton’s works : 
r. “ Five Paftoral Eclogues,’’ qto, 1747. Reprinted 
in Pearch’s Co!le£fion ot Poems. 2. “ The Pleafures 
of Melancholy," written in 1745 ; firft printed in Dod- 
fley’s Collection, and afterwards in the Collection of 
Mr Warton’s Poems. 3. “ Progrefs of Difcontent," 
written in 1746- Firft printed in the “ Student," a 
periodical paper. 4. “ The Triumph of Ifis, a Poem," 
qto, 1730. 5. “ Newmarket, a Satire," folio, 1751. , 
6. “ Ode for Malic," performed at the theatre in Ox- 
ford 1751- 7. “ Obfervations on the Faerie Queen of 
Spenfer," 8vo, 1754. 8. “ Infciiptionum Metrica- 
rum Delectus," 4to, 1758. 9. “ A Defcription of the 
City, College, and Cathedral, of Winchefter," 8vo, no 
date. 10. “ l ire Life of Sir Thomas Pope," in the 
5th volume of the Biographia Britannica," republiftied 
in 1772. 11. “ The Life and literary Remains of 
Ralph Bathurft, M. D. Dean of Wells, and Prefident 
of'Frinity College in Oxford," 1761. 12. “ A Com- 
panion to the Guide, and a Guide to the Companion," 
l2mo, 1762. 13. “ The Oxford Saufage," in which 
are feveral Poems by Warton. 14. “ Anthologise 
Graecae a Conftantino Cephala conditre Libri tres,’ 
2 tom. 1766. 15. “ Theocritis Syracufii quae fuperfunt, 
cum Scholiis Graecis," Sec. 2 tom. 4to, 1770. 16. 
“ Hiftory of Englifh Poetry, from the Clofe of the 
11th to the Commencement of the 18th Century," 
4to, Vol. I. 1774. Vol. II. 1778. Vol. III. 1781. 
17. “ Poems," 8vo, 1777. 18. <{ Specimen of a 

Hiftory 

Warton. 
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Aiming- Hiftory of Oxfordihire,5’ 1783. 19. « An Enquiry 
ton. into the Authenticity of the Poems attributed to 

—v  Thomas Rowley,” 8vo, 1782. 20. Verfes on Sir J. 
Reynolds’s painted Window in New College Chapel, 
410,” 1782. 2t. “ Poems on feveral Occalions, by 
John Milton, with Notes critical and explanatory,” 8vo, 
178^. 

WASHINGTON (George), whofe name is likely 
to live as long as that of any modern, was born on the 
j Ith of February 1732, in the pariih of Waihington, 
Virginia. He was defcftnded from an ancient family in 
Cheihire, of which a branch had been elfablilhed in Vir- 
ginia about the middle of the 17th century. We are 
not acquainted with any remarkable circumilances of 
his education or his early youth ; and we thould not in- 
deed expert any marks of that diforderly prematurenefs 
of talent, which is fo often fallacious, in a charafter 
whofe diftinguirtting praife was to be regular and na- 
tural. His claflical intlru&ion was probably fmall, fuch 
as the private tutor of a Virginian country gentleman 
could at that period have imparted ; and if his opportuni- 
ties of information had been more favourable, the time was 
too ftort to profit by them (a). Before he was twenty 
he was appointed a major m the colonial militia, and 
he had very early occalion to difplay thofc political and 
military talents, of which the exertions on a greater 
theatre have iince made his name fo famous throughout 
the world. . 

The plenipotentiaries who framed the treaty of Aix 
la Chapelle, by leaving the boundaries of the Britifh 
and French territories in North America unfixed, had 
fown the feeds of a new war, at the moment when they 
concluded a peace.—The limits of Canada and Loui* 
liana, negligently deferibed in vague language by the 
treaties of Utrecht and Aix la Chapelle, becauie the 
greater part of thefe vaft countries was then an impe- 
netrable wildernefs, furnilhed a motive, or a pretext, 
for one of the molt fuccefsful, but one of the molt bloody 
and wafteful wars in which Great Britain had ever been 
engaged. See Britain, Lncyc/. 

In the difputes which arofe between the French and 
Englifh officers on this fubjeft, Major Waffiington was 
employed by the governor of Virginia, in a negociation 
with the French governor of Fort du Quefne (now 
Pitfburgh) ; who threatened the Englifh frontiers with 
a body of French and their Indian allies. He fucceed- 
ed in averting tfhe invafion ; but hoftilities becoming in- 
evitable, he was in the next year appointed lieutenant 
colonel of a regiment raifed by the colony for its own 
defence ; to the command of which he foon after fuc- 
ceeded. The expedition of Braddock followed in the 
year 1755 ; of which the fatal iffiie is too well known 
to require being deferibed by us. Colonel Waffiington 
ferved in that expedition only as a volunteer ; but luch 
was the general confidence in his talents, that he 
be faid to have conduced the retreat. Several Britiffi 
officers are ilili alive who remember the calmnefs and 
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intrepidity which he (hewed in that difficult iVtuatiort, Wafhlnj- 
and the voluntary obedience which was fo cheerfully ^n- 

paid by the whole army to his fupetior mind. After 
having adfed a diftinguiffied part in a fubfequent and 
more fuccefstul expedition to the Ohio, he was obliged 
by ill health, in the year 1758, to refign his military 
fituation. i’he fixteen years which followed of the life of 
Waffiington fupply few materials for the biographer. 
Having married Mrs Cuftis, a Virginian lady of amiable 
character and refpetlabie connections, he fettled at his 
beautiful feat of Mount Vernon, of which we have had 
fo many deferiptions; where, with the exception of 
fuch attendance as was required by his duties as a ma- 
giftrate and a member of the affembly, his time was oc- 
cupied by his domeftic enjoyments, and the cultivation 
of his eftate, in a manner well fuited to the tranquillity 
qf his pure and unambitious mind. At the end of this 
period he was called by the voice of his country from 
this Hate of cairn andfecure though unoflentatious hap- 
pine is. 

For almoft half a century fymptoms of difaffedlion to 
the mother-country had been fo vilible in the New 
England prov'nces, that fo early as 1734 the celebrated 
Bilhop Berkeley had predicted a total feparation of 
Noith America from Great Britain. That prelate, 
when a private clergyman, had lived three years in 
Rhode Ifland, and was an attentive and fagacious ob- 
ferver of the manners and principles of the people, 
among whom he perceived the old leaven of their fore- 
fathers fermenting even then with great violence. The 
middle and fouthern provinces, however, were more 
loyal, and their influence, together with perpetual dread 
of the French before the peace of 1763, put off the 
feparation to a more diftant day than that at which, we 
have reafon to believe, the Bilhop expe&ed it to take 
place. Virginia, the moll loyal of all the colonies, had 
long been in the habit of calling itfelf, with a kind of 
proud pre-eminence, his Majajiy’s ancient dominion ; and 
it was with fome difficulty that the demagogues of 
New England could gain over that province when the 
time arrived for effecting their long meditated revolt. 
At lalt, however, they fucceeded ; and we find Mr 
Waffiington as a delegate from Virginia in the Cou- 
grefs which met at Philadelphia on the 26th of October 
1774. (See America, n0 174. Encyc/.) As no A- 
mertcan united in fo high a degree as he did, military 
experience with refpe&ability of charatter, he was ap- 
pointed to the command of the army which had affem- 
bled in the New England provinces, to hold in check 
the Britiffi army which was then encamped under Ge- 
neral Gage at Bofton. 

At this period there is fome reafon to believe that nei- 
ther Mr Waffiington nor his conftituents entered heartily 
into the views of the New Englanders; but afraid left 
the army of thofe rebellious fanatics, after (baking off the 
yoke of Great Britain, might give law to the continent, 
he took upon himfelf the command of that army in the 

^ F 2 month 

f a \ Several accounts of the life of Waffiington have ftated that he ferved as a midffiipman on board a Britiffi 
iViiate This Is a miltake. His elder brother, who died young, fer.ed m that eapaetty in Vernon 
asrainft' Carthagena i whence the family feat was called Mount Vernon. Waihington Inmfdf never left the U- 
nfted States, except in one (hott voyage to a Well India ffland, when he wa. very young. 
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month of July 1775 (b). To detail his conduft in the 
years which followed, would be to relate the hiiiory of 
the Arrerican war, which we have already related in the 
article America (Encycl.). Within a very (hort peiiod 
after the declaration of-independence, the affairs of A- 
merica were in a condition io deiperate, that perhaps 
nothing but the peculiar character of Wafhington’s ge- 
nius could have retrieved them. Activity was the po- 
licy of invaders. In the held of batik the iuperionty 
of a difeiplined army is difplayed. But delay was the 
wifdom of a country defended by undiiciphned ioldiers 
againff an tnuny who mult be more exhauited by time 
than he could be weakened by defeat. It required the 
confummate piudence, the calm wildom, the inflexible 
htmi'.efs, the moderate and w ell balanced temper of 
Wafliington to embrace fuch a })lan of policy, and to 
nerfevete In it : to refill the temptations ot entei prize ; 
to fix the confidence of his foldiers without the attrac- 
tion of victory ; to fupport the Ipirit of the army and 
the people amidft thole flow and cautious plans of dc- 

olive warfare which ‘ are more dilpiriting than dereat 
itfelf; to contain his own ambition and the impetuoli- 
ry of his troops; to endure temporary oblcurity for the 
lalvation of his country, and for the attainment of lohd 
and immortal glory ; and to tuffer even temporary re- 
proach and obloquy, fupported by the approbation of his 
own confcience and the applaufe of that imall number of 
w ife men, whofe praife is an earncit of the admiration and 
g’.atitude of pofferity. Viftorious generals eaiily acquire 
tne confidence of their army. i heirs, however, is a 
confidence in the fortune of their general. That of 
Wafhington’s army w“as a confidence in his wtfdom. 
Victory gives fpirit to cowards, and even the agitations 
of defeat fometimes impart a courage of delpair. Cou- 
rage is infpired by iuccefs, and it may be llimulated to 
delperate exertion even by calamity; but it is generally 
paliied by ina&rvity,— A fyltem of cautious defence 13 
the fevereft tiial of human fortitude ; and by this tell 
the firmnefs of Wafhii.gton was tried. It mull not, 
however, be concealed, that lome of the Britilh com- 
manders gave him advantages, which he furcly did not 
CxpeCt ; for more th?n once, as it appears to us, they 
Had it in their power to annihilate his army, merely by 
following up their victories. The jffue of the conteif 
ig known. 

Much has been faid by the Britifh and American de- 
rftocrates of the magnanimity of Wafhingtdn during the 
Ravages of a civil war, in which he acted fo cor.ipicu- 
CuiS a part ; and we fed not ourfdves inclined to u fufe 
him the praife which he may have merited on this or 
on any other account. But granting that duty requi- 
red him to execute as a fpy the accomplifhed Andre, 
true magnanimity would have prevented him from in- 
fultingly ereCting, in the view of that unfortunate of- 
ficer, the gallows on which he was to be hung, feveral 
days before his execution f When Earl Cornwallis was 
overpowered by numbers, and obliged at York town to 
furrender to the united armies of America and France, 
a magnanimous conqueror would not have mahcioufly 
claimed, contrary to the ulage of civilized war, the 

fword from the hands of that gallant nobleman. On 
theie two occaiions, and on fome others, the conduCt of 
Wafhington agreed fo ill with his general charaCter, 
that we are inclined to believe that he muff have been 
influenced by the leaders of the French army Rochem- 
beau and Fayette. One thing is certain, that he was 
fo little pleated either with his own conduCt on parti- 
cular occaiions, or with the general principle of the A- 
mtrican revolution, that he never could he forced to talk, 
on the fubjedt. An Italian nobleman, who viiked him 
alter the peace, had often attempted, in vain, to turn the 
converfation to the events of the war At length he 
thought he had found a favourable opportunity of ef- 
fecting his purpofe ; they were riding together over the 
feene of an aClion where Wafliington s conduCl had beta 
the iubjecl of no fmall animadverfion. Count   
laid to him, “ Your conduCt, bir, in this aClion has 
been criticifed.,, Wafhington made no anfwer, but 
clapped fpurs to his horie ; after they had paffed th« 
field, he turned to the Italian and faid, “ Count , 
I obferve that you wilh me to fpeak of the war ; it is a 
converfation which l always avoid. I rejoice at the effa- 
blilhment of the liberties of America. But the time 
of the ffniggle was a horrible period, in which the bell 
men were compelled to do many things repugnant to 
their nature.” This, we think, is the language of a 
good man not altogether fatisfied with the part which 
he had been compelled to aCt, and who though he re- 
joiced at the effablifliment oi the liberties of America, 
probably forefaw that {he would reap no benefit from 
her favourite independence. 

The conclufion of the American war permitted Wafh- 
ingtou to return to thofe domeltic feenes, from which 
no views of ambition feem to have had the power to 
draw him. But he was not allowed long to enjoy this 
privacy. The lupreme government of the United States, 
haltily thrown up, in a moment of turbulence and dan- 
ger, as a temporary fortification againtl anarchy, pro- 
v-ed utterly inadequate to the prelervation of general 
tranquillity and permanent iecurity. The confufions 
ot civil war had given a taint to the morality of the 
people, which rendered the reftraints of a jull and vi- 
gorous government more indifpenfably neceftary. Con- 
fifeatkm and paper money, the two greatdl fchools of 
rapacity and dtlhonelty in the world, had widely ipread 
their poifon among the Americans. One ot their own 
writers tells us, that the whole lyitem ot paper money 
was a fyffem ot public and private frauds. In this ffate 
of tilings, which threatened the diffolution of morality 
and government, good men law the neceffity of concen- 
trating and invigorating the fupreme authority. Un- 
der the influence of this conviction, a convention of de- 
legates was affembled at Philadelphia, which itrength- 
ened the bands of the Federal Union, and beffowed on 
Congrefs thofe powers which weie neceffary for the 
purpofes of good government. Waftiington was the 
prehdent ot this convention, as he, in three years after, 
was ele&ed prehdent of the United States of America, 
under what was called “ The New Conftitution,” tho* 
it ought to have been called a reform of the republican 

. ■ _, government. 

Waftn’r. re- 
ton. 

in the nreface^to^1 ^ m”t've,s °^‘s conduCt on this occafion, is rendered in the higheft degree probable 
ed in North America hT ^ el ^ Elution, in thirteen Difcourfes, Preach. 
Epfom L 1763 ^ ,77J 1 by J°"athan ^ r. A.S. Vicar or 
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Waiving- government, as that republican government itfelf was 

ton. Qjjly a reform of the ancient colonial conftitution under 
t^c Briti{h crown. None of thefe changes extended 
fo far as an attempt to new-model the whole focial and 
political fyftem. 

Events occurred during his chief mngiftracy which 
convulfed the whole political world, and which tried 
moft feverely his moderation and prudence. The French 
revolution took place; Wafhington, who had experienced 
the evils of one revolution, augured, from the beginning, 
no good from the daring (peculations of inexperienced 
vifionaries ; and the progrefs ctf the revolution was not 
calculated to cure his diifiuft. When, in the year 1793, 
France, then groaning under the moll intolerable and 
hideous tyranny, became engaged in war with ahr otl 
all the governments of the civilized world, it is laid to 
have been a matter of deliberation with the Prefident 
of the United States, whether the republican envoy, or 
the agept of the French princes, fhould be received in 
America as the diplomatic reprefentative of France. 
But whatever might be his private feelings of repugnance 

^ and horror, his public condudt was influenced only by 
his public duties. As a virtuous man he mud have abhor- 
red the fyflem of crimes which was edabhfhed in I ranee. 
But as the fl.rft magiftrate of the American comn»on- 
wealth, he was bound only to confider how far the in- 
tered and fafety of the people whom he governed were 
affe&ed by the conduct of France. He law that it 
was wife and neceffary for America to preferve a good 
underdanding and a beneficial intercourfe with that 
great country, in whatever manner (he was governed, as 
long as (he abdained from committing injury againd the 
United States. Guided by this jud and fimple prin- 
ciple, uninfluenced by the abhorrence of crimes which 
he felt, and which others affedled, he received Mr Ge- 
net, the minider of the French Republic. I he hittory 
of the outrages which that minider committed, or in- 
ftigated, or countenanced, againd the American govern- 
ment, mud be frefh in the memory of all our readers. 
The conduct of Wafhington was a model of firm and 
dignified moderation, Infults were offered to his au- 
thority in official papers, in anonymous libels, by incen- 
diary declaimers, and by tumultuous meetings. '.he 
Uw of nations was trampled under foot. His confiden- 
tial miniders were feeiuced to betray him, and the de- 
luded populace were fo inflamed by the arts of their 
enemies, that they broke out into inforre&ion. No 
vexation, however galling, could ditiurb the tranquilli- 
ty of his mini, or make him deviate from the policy 
which his (ituation preferibed. With a more confiim- 
cd authority, and at the head of a longer edablifhed go- 
vernment, he might perhaps have thought greater vi- 
j»our juflifiable. But in his circumilances, he was fen- 
tible that the nerves of authority were not drefng enough 
to bear being drain«d. Perfuafion, always the moil 
defirable indrument of government, was in his cafe the 
fafed. Yet he never overpafled the line which fepa- 
rates conceffion from meannefs. He reached the utmod 
limits of moderation, without being betrayed into pu- 
fillanimity. He preferved external and internal peace 
by a fydem of mildntfs, without any of thofe virtual 
cor.ftffions of weaknefs, which fo much difhonour and 
enfeeble fupreme authority. During the whole of that 
arduous druggie, his perfonalcha/aAer gave that drength 
to a ne-w magjiracy which in other countries arifes from 

ancient habits of obedience and refpedl. The author!- Waflung- 
ty of his virtue was more efficacious for the preferva- ton‘ , 
tion of America than the legal powers of his office. 

During this turbulent period, he was re-eleded to 
the office of the Prefidency of the United States, which 
he held from April 1789 till September 1796. Pro- 
bably no magidrate of any commonwealth, ancient or 
modern, ever occupied a place fo painful and perilous. 
Certainly no man was ever called upon fo often to fa- 
crifice his virtuous feelings fhe had no other facrifice* 
to make) to his public duty. Two circumdances of ' 
this Ion dtferve to be particularly noticed. In the 
fpring of 1794, he fent an ambaffador to Paris with 
credentials, addreffed to his “ Dear friends the citizens 
compofrng the Committee of Public Safety of the 
French Republic,” whom he prays God “to take un- 
der his holy proteftion.” Fortunately the American 
ambaffador was fpared the humiliation of prefenting his 
credentials to thefe bloody tyrants. Their power was 
fubverted, and a few of them had differed the punifh- 
ment of their crimes, which no punithment could ex- 
piate, before his arrival at Paris. Readily as we adr 
mit the purity of the motives which induced him to 
fend this embaffy to Paris, we cannot poflibly approve 
of his condudl in deviating fo far from the ufnal diplo- 
matic ftyle, as to call Robcfpierre his friend ; but be 
was befet by an abfurd, though formidable, faftion at 
home. 

He had another ftruggle of feeling and duty to en- 
counter, when he was compelled to fupprefa the infur- 
re&ion in the welltrn counties of Penniylvania by force 
of arms. But here he had a confolation. The exercife 
of mercy confoled his mind for the necelfity of having 
recourfe to arms. Never was there a revolt quelled 
with fo little blood. Scarcely ever was the bafdt daf- 
tard fo tender of his own life, as this virtuous man was 
of the lives of his follow-citizens. The value of his cle* 
mer.cy is enhanced by recolleAing that he was neither 
without provocations to feverity, nor without pretexts 
for it. His charader and his office had been reviled 
in a manner almoil unexampled among civilized nations. 
His authority had been inlulted.—-His fafety had been 
threatened. Of his perfonal and political enemies ibme 
might, perhaps, have been fufpeded of having inffiga- 
ted the iniurredion ; a greater number were thought to 
wifn well to it; and very few (hewed much zeal to fup- 
prefs it. Is habitus animorum fuit, ut ptfimum fafcinus 
audermt pauu, piures vd/tnt, omnespatcrentur. But nei- 
ther refentment, nor fear, nor even policy itfelt, could 
extinguilh the humanity of Wafhington. This feeras 
to have been the only facrifice which he was incapable 
of making to tire inteiell of his country. 

t hroughout the whole courfe of his fecond Prefiden- 
cy, the danger of America was great and imminent al- 
moft beyond example. The fpiiit of change, indeed, 
at that period, (hook all nations. But in other coun- 
tries it had to encounter ancient and fulidly ellablifhed 
power ; it had to tear up by the roots long habits of 
attachment in fome nations for their government; of 
awe in others ; of acquiescence and fubmiffion in all.— 
But in America the government was new and weak. 
The people had fcarce time to recover from the ideas 
and feelings of a recent civil war. In other countries 
the volcanic force muff be of power to blow up the 
mountains, and to convulfe the contineots that held it 

down, 
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, t011' which it was imprifoned : — in America it was covered 
only by the afhes of a late convulfion, or at mod by a 
little thin foil, the produce of a few years quiet. 

The government of America had rone of thofe falu- 
tary prejudices to employ, which in every other country 
were ufed with fuccefs to open the ej es of the people to 
the enormities of the French revolution. They had, on 
the contrary, to contend with the prejudices of their 
people in the mod moderate precautions againd internal 
confufion, in the mod rneafured and guarded refiftance to 
the unparalleled infults and enormous encroachments of 
France. Without zealous fuoport from the people, the 
American government was impotent. It required a con- 
fiderable time, and it cod an arduous and dubious drug- 
gie, to diredd the popular fpirit againd a fifter republic, 
edablifhed among a people to whofe aid the Americans 
aferibed the edabhfhment of their independence. It is 
probable, indeed, that no policy could have produced 
this eftedb, ur.lefs it had been powerfully aided by the 
crimes of the French government, which have proved 
the dronged allies of all edablifhed governments; which 
have produced fuch a general difpoiition to lubmit to 
any known tyranny, rather than rufh into all the un- 
known and undefinable evils of civil confufion, with the 
horrible train of new and mondrous tyrannies of which 
it is ufually the forerunner. But of thefe circumdances 
Wafaington availed himfelf with uncommon addrefs. 
He employed the horror excited by the atrocities of the 
French revolution for the mod honed and praile-worthy 
purpofes ; to preferve the internal quiet of his country; 
to aflert the dignity, and to maintain the rights, of the 
commonwealth which he governed, againd foreign ene- 
mies. He avoided war without incurring the imputa- 
tion of pufjllanimity. He cherifhed the detedation of 
Americans for anarchy, without weakening the fpirit of 
liberty ; and he maintained, and even confolidated, the 
authority of government, without abridging the pri- 
vileges of the people. 

i he refignation of Wafhington in 1796 was certainly 
a meafure of prudence, and we doubt not of patriotifm; 
but the conduct of his fucceflbr has been fuch as to give 
the Americans reafon to regret that the reins of govern- 
ment were thrown up by the only hand, perhaps, that 
was fit to guide them during fo unfettled a date of pub- 
lic affairs. When he retired, he publifhed a valedic- 
tory addrefs to his countrymen, as he had before done 
when he quitted the command of the army in 1783. 
In thefe compofitions, the whole heart and foul of 
W afhington are laid open. Other date papers have, 
doubtlefs, fhewn more fpirit and dignity, more eloquence, 
greater force of genius, and a more enlarged compre- 
henfion of mind ; hut none ever difplayed more funpli- 
city and ingenuoufnefs, more moderation and fobriety, 
more good fenfe, more prudence, more honefty, more 
earned affeftion for his country and for mankind, more 
profound reverence for virtue and religion; more ardent 
wifhes for the happinefs of his fellow-creatures, and 
more jud and rational views of the means which alone 
can effe&nally promote that happinefs. 

From his refignation till the month of July 1798, he 
ived in retirement at Mount Vernon. At this latter 

period,^ it became neceffary for the United States to 
arm. . 1 hey had endured with a patience, of which 
here is no example in the hidory of dates, all the con- 
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tumely and wrong which fuccefilve adminiflrations in Waflnng* 
France had heaped upon them. Their fhips were every- w

ton’ 
where captured, their minifters were detained in a fort Wor£‘“ 
of imprifonrrent at Baris ; while incendiareis, clothed in ' 
the faered character of ambafladors, fcattered over their 
peaceful provinces the fire brands of fedition and civil 
war. An ofifer was made to terminate this long courfe 
of injudice, for a bribe to the French miniders. This 
offer was mHe by perfons who appeared to be in the 
confidence of M. alleyrand, who profejfed to a<ft by 
his authority ; who have been fince, indeed, difavowed 
bv him ; bu who neveV will be believed not to have 
been his agents, till he convift them of impodure by 
legal evidence, and procure them to be punifhed for fo 
abominable a fraud. 

The United States refolved to arm by land and fea. 
The command of the army was bellowed on General 
Wafhington ; which he accepted, becaufe he was con- 
vinced that “ every thing we hold dear and facred was 
ferioufly threatened* ;” though he had flattered him- * ^ ^ 
felf “ that he had quitted for ever the boundlefs Letter of 
of public a&ion, inceflant trouble and high refponlibi- 
lity, in which he had long a£ted fo confpicuous a part.” 
In this office he continued during the fhort period of 
his life which {till remained. — On Thurfday the 12th 
December 1799, he was feized with an inflammation 
in his throat, which became confiderably worfe the next 
day ; and of which, notwithllanding the efforts of his 
phyficians, he died on Saturday the 14th of December 
1 799, in the 68th year of his age, and in the 23d year 
of the independence of the United States, of which he 
may be confidered as the founder. The fame calmnefs, 
fimplicity, and regularity, which had uniformly marked 
his demeanor, did not forfake him in his dying mo- 
ments. He faw the approaches of death without fear: 
—he met them without parade.—Even the perfeftly 

well-ordered ftate of the moll minute particulars of his 
private bufinefs, bore the ftamp of that conflant autho- 
rity of prudence and practical reafon over his a&ions, 
which was a diiltnguifhing feature of his charafter. He 
died with thefe fentiments of piety which had given 
vigour and confiftency to his virtue, and adorned every 
part of his iiluftrious life. 

WATCH WORK. Our intention in this article 
does not extend to the manual practice of this art, nor 
even to all the parts of the machine. We mean to con- 
fider the moil important and difficult part of the con- 
ftru&ion, namely, the method of applying the main- 
taining power of the wheels to the regulator of the mo- 
tion fo as not to hurt its power of regulation. Our 
obfervations would have come with more propriety un- 
der the title Scapement, that being the name given by 
our aitills to this part of the conllru&ion. Indeed they 
were intended for that article, which had been unac- 
countably omitted in the body of. the Diftionary under 
the words Ciock and Watch. But the bad health 
and occupations of the perion who had engaged to 
write the article, have obliged us to defer it to the lad 
opportunity which the alphabetical arrangement affords 
us ; and, even now, the tame caufes unfortunately pre- 
vent the author from treating the fubjedt in the manner 
he intended; and which it well deferves. But we truft 
that, from the account which is here given, the reader, 
who is converfaor in mathematical philofophy, will per- 
ceive the juftnefs of the cuncluiions, and that an intelli- 

gent 
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gent artifl; will have no hefitau'on in acceiing to the 
propriety of the maxims of conftru&ion deduced from 
them. 

The regulator of a clock or watch ts a pendulum or 
a balance. Without this check to the motion of the 
wheels, impelled by a weight or a fpring, the machine 
would run down with a motion rapidly accelerating, till 
friction and the refiftance of the air induced a fort of 
uniformity, as they do in a kitchen jack. But if a pen- 
dulum be fo put in the way of this motion, that only 
one tooth of a wheel can pafs it at each vibration, the 
revolution of the wheels will depend on the vibration of 
the pendulum. This has long been obferved to have a 
certain conilancy, infomuch that the aftronomers of the 
Eaft employed pendulums in meafuring the times of 
their ohfervations, patiently counting their vibrations 
during the phafes of an eclipfe or the tranfits of the 
ftars, and renewing them by a little pu(h with the fin- 
yer when they became too Imall Galfendi, Riccioli, 
and others, in more recent times, followed this example. 
The celebrated phyiician San&orius is the firil perfon 
who is mentioned as having applied them as regulators 
of clock movements. Machines, however, called clucks, 
w ith a train of toothed wheels, leading round an index 
of hours, had been contrived long before. The earlieft 
of which we have any account is that of Richard of 
Wallingford, Abbot of St Alban’s, in 1326 (a). It 
appears to have been regulated by a fly like a kitchen 
jack*. Not long after this Giacomo Dondi made one 
at Padua, which had a motus fuccujforius, a hobbling or 
trotting motion ; from which expreflion it feems proba- 
ble that it was regulated by fome alternate movement. 
We cannot think that this was a pendulum, becaufe, 
once it was introduced, it never could have been fup- 
planted by a balance. The alternate motion of a pen- 
dulum, and its feeming uniformity, are among the moll 
familiar obfervations of common life; and it is furpri- 
iing that they were not more early thought of for re- 
gulating time meafurers. The alternate motions of the 
old balance is one of the moll far-fetched means that 
can be imagined, and might pafs for the invention ot a 
very rtfleftin^ mind, while a pendulum only requires to 
be drawn afrde from the plumb-line, to make it vibrate 
with regularity. The balance mull be put in motion by 
the clock, and that motion mull be Hopped, and the 
contrary motion induced ; and we nauit know that the 
fame force and the fame checks will produce uniform 
ofeiliations. All ttys mull be previoufly known before 
we can think of it as a regulator ; yet fo it is that 
clocks, regullted by a balance, were long ufed, and very 
common through Europe, before Galileo propofed the 
pendulum, about the year 1600. Pendulum clocks then 
came into general ufe, and were found to be greatly pre- 
ferable to balance clocks as accurate meafurers of time. 
Mathematicians faw that their vibrations had fome re- 
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gular dependance on uniform gravity, and in their wri- 
tings we meet with many attempts to determine the ^ 
time and demonftrate the ifochronifm of the vibrations. 
It is amufing to read thefe attempts. We wonder at 
the awkwardnefs and inlufficiency of the explanation 
given of the motions of pendulums, even by men of ac- 
knowledged eminence. Merftnnus carried on a moft 
ufeful correfpondence wnth all the mathematicians of 
Europe, and was the means of making them acquainted 
with each other; nay, he was himfelf well converfant 
in the fcience ; yet one cannot but fmile at his reafon- 
ings on this fubjedl. Standing on the fhoulders of our 
predeceffors, we look around us, in great fatisfadlion 
with our own powers of obfervation, not thinking how 
we are railed up, or that we are trading with the flock 
left us by the diligent and fagacious philofophers of the 
17th century (b). Riccioli, Gaffendus, and Galileo, 
made fimilar attempts to explain the motion of pendu- 
lums ; but without fuccefs. This honour was referved 
for Mr Huyghens, the mod elegant of modern geome- 
ters. He had fucceeded in 1636 or 1657 in adapting 
the machinery of a clock to the maintaining cf the vi- 
brations of a pendulum. Charmed with the accuracy 
of its performance, he began to invelligate with feru- 
pulous attention the theory of its motion. By the mod 
ingenious and elegant application of geometry to me- 
chanical problems, he demonllrated that the wider vi- 
brations of a pendulum employed more time than the 
narrower, and that the time of a femicircular vibration 
is to that of a very fmall one nearly as 34 to 29 ; and, 
aided by a new department of geometrical fcience in- 
vented by himftlf, namelyr, the evolution of curves, he 
{hewed how to make a pendulum fwing in a cycloid, 
and that its vibrations in this curve are all performed 
in equal times, whatever be their extent. 

biit before this time. Dr Hooke, the mofl ingenious 
and inventive mechanician of his agc» had difeovered 
the great accuracy of pendulum clocks, having found 
that the manner in which they had been employed had 
obfeured their real merit. They had been made to vi- 
brate in very large arches, the only motion that could 
be given them by the contrivances then kno-vn ; and in 
1656 he invented another method, and made a clock 
which moved with aflonifhing regularity. Ufmg a 
heavy pendulum, and making it ivving in very fmall 
arches, the clocks fo conftruiied were found to excel 
Mr Huyghens’s cycloidal pendulums; and thofe who 
were unfriendly to Huyghens had a fort of triumph on 
the occafion. But this was the refult of ignorance. 
Mr Huyghens had fhewn, that the error of T^g- of an 
inch, in the formation of the parts vhich produced the 
cycloidal motion, caufed a greater irregularity of vi- 
bration than a circular vibration could do, although it. 
fhould extend five or fix degrees on each fide of the 
perpendicular. It has been found that the unavoidable 

inaccuracies, 
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(A) ProfcfT'jr Beckmann, in the Bril volume of his Hijlor} of Imxnhms, expreffes a belief that clocks of this 
kind were ufed in fome monafteries fo early as the 11 th century, and that they were derived to the monks from 
the Saracens. His authorities, however, are drfeordant, and feem not completely fatiafattory even o im el. 

(B1 We are provoked to make this obfervation, b, obferv.ng at this moment, in a l.terary journal, a pert and 
petulant upftart fpeaking of Newton’s optical difeoveries in terms of ndtcule and abufc, employing thefe very 
ddeeveries to diminifl. his authority. Is it not thus that Chrifttarnty is now flighted by thofe who enjoy the., 
fruite of the pure morality which it introduced! 
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, '' ‘ conftruftion, make the performance much Inferior to 
that of a common pendulum vibrating in arches which 
do not exceed three or four degrees from the perpendi- 
cular. Such clocks alone are now made, and they ex- 
ceed all expedition. 

We have faid that a pendulum needed only to be re- 
moved from the perpendicular, and then let go, in or- 
der to vibrate and meafure time. Hence it might 
feem, that nothing is wanted but a machinery fo con- 
nedted with the pendulum as to keep a regifter, as 
it were, of the vibration. It could not be difficult to 
contrive a method of doing this ; but more is wanted. 
The air muft be difplaced by the pendulum This re- 
quires fome force, and muft therefore employ fome part 
of the momentum of the pendulum. The pivot on 
which it fwings occafions fridfion— the thread, or thin 
piece of metal by which it is hung, in order to avoid 
this fridlion, occafions fome expenditure of force by its 
want of perfedf flexibility or elafticity. Thefe, and 
Other caufes, make the vibrations grow more and more 
narrow by degrees, till at laft the pendulum is brought 
to reft. We muft therefore have a contrivance in the 
wheelwork which will reftore to the pendulum the fmall 
portion of force which it lofes in every vibration. The 
^6lion of the wheels therefore may be called a maintain- 
ing power, becaufe it keeps up the vibrations- 

But we now fee that this may affedf the regularity of 
vibration. If it be fuppofed that the a<ftion of gravity 
renders all the vibrations ifochronous, we muft grant 
that the additional impulfion by the wheels will de- 
ftroy that ifochronifm, unleis it be fo applied that the 
fum-total of this impulfion and the force of gravity 
may vary fo with the fituation of the pendulum, as ftill 
to give a feries of forces, or a law of variation, perfeftly 
fimilar to that of gravity. This cannot be effe&ed, un- 
lefs we know both the law which regulates the a&ion 
of gravity, producing ifochronifm of vibration, and the 
rntenfity of the force to be derived from the wheels in 
every fltuation of the pendulum. 

The neceflary requiflte for the ifochronous motion 
of the pendulum is, that the force which urges it to- 
ward the perpendicular, be proportional to its diftance 
from it (fee Dynamics, n® 103. Cor. 7. Suppl.) ; and 
therefore, fmee pendulums Twinging in fmall circular 
arches are fenfrbly ifochronous, we muft infer that fuch 
is the law by which the accelerating adtion of gravity 
on them is really accommodated to every fituation in 
thofe arches. 

It will greatly conduce to the better underftanding 
of the effedt of the maintaining power, if the reader 
keep in continual view the chief circumftances of a mo- 

Pla»e tion of this kind. Therefore let AC a (fig. 1.) repre- 
XLVUl. fent the arch palled overby the pendulum, ftretched 

out into a ftraight line. Let C be its middle point, 
when the pendulum hangs perpendicular, and A and a 
be the extremities of the ofcillation. Let AD be drawn 
perpendicular to AC, to reprefent the accelerating ac- 
tion of gravity on the pendulum when it is at A. Draw 
the ftraight line DC d, and a d, perpendicular to A a. 
About C, as a centre, deferibe the femicircle AFH a. 
Through any points B, K, k,h, &c. of Ac, draw the 
perpendiculars BFE, KLM, &c. cutting both the 
.ftraight line and the femicircle. Then, 

I* ^ie a&ions ef gravity on the pendulum, when in 

the lituations B, K, &c. by which it is urged toward Watch. 
C, are proportional to, and may be reprefented by, the w’ork. 
ordinates BE, KL, be, k l, &c. to the ftraight line   
DC d. 

2. The velocities acquired at B, K, &c. by the ac- 
celeration along AB, AK, &c. are proportional to the 
ordinates BE, KM, &c. to the fcmicircle AH a ; and, 
therefore, the velocity with which the pendulum palfes 
through the middle point C, is to its velocity in any 
other point B, asCH to BE. 

3. The times of deferibing the parts AB, BK, KC, 
&c. of the whole arch of oleiilation, are proportional to, 
and may be reprefented by, the arches AF, FM, MH, 
&c. of the femicircle. 

4. If one pendulum deferibe the arch reprefented by 
AC a, and another deferibe the arch KC k, they will de- 
feribe them in equal times, and their maximum veloci- 
ties (viz. their velocities in the middle point), are pro- 
portional to AC and KC; that is, the velocities in the 
middle point are proportional to the width of the of- 
cillations. 

The fame proportions are true with refpeft to the 
motions outwards from C. That is, when the pendu- 
lum deferibes CA, with the initial velocity CH, its ve- 
locity at K is reduced to KM by the retarding a&ion 
of gravity. It is reduced to BF at B, and to nothing 
at A; and the times of defenbing CK, KB, BA, CA, 
are as HM, HF, HA. Another pendulum fetting 
out from C, with the initial velocity CO, reaches only 
to K, CK being = CO. Alfo the times are equal.—- 
If we confider the whole ofcillation as performed in the 
diredtion A a, the forces AD, BE, KL accelerate the 
pendulum, and the fimilar forces a d, be, k l, on the 
other fide, retard it. The contrary happens in the next 
ofcillation aC\. 

5. 1 he areas DABE, DAKL, &c. are proportion- 
al to the fquares of the velocities acquired by moving 
along AB, AK, &c. of to the diminution of the 
fquares of the velocities fuftained by moving outwards 
along BA or KA, &c. 

The cunlideration of this figure will enable the reader 
(even though not a mathematician) to form fome no- 
tion of the effedf of any propofed application of a main- 
taining power by means of wheelwork : For, knowing 
the weight of the pendulum, we know the accelerating 
adhon of that weight in any particular fituation A of 
the pendulum. We alfo know what addition or fub- 
tradlion we produce on the pendulum in that fituation 
by the wheel-work. Suppofe it is an addition of pref- 
fure equal to a certain number of grains. We can 
make AD to D ^ as the full to the laft ; and then A <T 
will be the whole force urging the pendulum toward 
C. Doing the fame for every point of AC, we obtain 
a line » * k c, which is a new fcale of foice.s, and the 
fpace DC comprehended between the two feales CD 
and C will exprefs the addition made to the fquare 
of the velocity in palling along AC by the joint ac- 
tion of gravity and the maintaining power. Alfo, by 
drawing a line x *• perpendicular to AC, making the 
fpace C ;r * equal to CAD, the point ir will be the li- 
mit oi the ofcillation outward from C, where the initial 
velocity HC is extinguilhed. If the line x *• cut the 
fame circle in t>, one-half the arch 9 A will nearly ex- 
prefs the contradlion made in the time of the outward 
ofcillation by the maintaining power. An accurate de- 

termination 
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work. even difficult; but this folution is not far from the truth, 
“ v—an(] wjff greatly affilt our judgment of the effect of any 

propofal, even though * *- be drawn only by the judge- 
ment of the eye, making the area left out as nearly 
equal to the area taken in as we can edimate by infpec- 
tion. This is faid from experience. 

Since the motion of a pendulum or balance is al- 
ternate, while the preffure of the wheels is conffantly 
in one dire&ion, it is plain that feme art muff be ufed 
to accommodate the one to the other. When a tooth 
of the wheel has given the balance a motion in one di- 
re&ion, it muff quit it, that it may get an impuliion in 
the oppolite dire&ion. The balance or pendulum thus 
efcaping from the tooth of the wheel, or the tooth e- 
fcaping from the balance, has given to the general con- 
trivance the name of scapement among our artifts, 
from the French word echappement. We proceed, there- 
fore, to confider this fubje& more particularly, hrff 
confidcring the fcapements which are pecuhaily fuited 
to the fmall vibrations of pendulums, and then thole 
which muff produce much wider vibrations in balances. 
This, with fome other circumftances, render the fcape- 
ments for pendulums and balances very different. 

I. Of the Action of a Wheel and Pallet. 

The fcapement which has been iii ufe for clocks and 
watches ever lince their tirft appearance in Europe, is 
extremely fimple, and its mode of operation is too ob- 
vious to need much explanation. In fig. 2. XY repre- 
fents a horizontal axis, to which the pendulum P is at- 
tached by a (lender rod, or otherwife. I his axis has 
two leaves C and D attached to it, one near each end, 
and not in the fame plane, but fo that when the pen- 
dulum hangs perpendicularly, and at reft, the piece C 
fpreads a few degrees to the right hand, and D as much 
to the left. They commonly make an angle of 70, 
80, or 90 degrees. Thefe two pieces are called pal- 
lets. AFB reprefents a wheel, turning round on a 
perpendicular axis EO, in tne order ot the letters 
A FEB. The teeth of this wheel are cut into the form 
of the teeth of a faw, leaning forward, in the direction 
of the motion of the rim. As they fomewhat refemble 
the points of an old-falhioned royal diadem, this wheel 
has got the name of the crown wheel. In watches 
it is often called the balance wheel. The number ot 
teeth is generally odd; fo that when one of themB is pref- 
fing on a pallet D, the oppofite pallet C is in the (pace 
between two teeth A and I. i he figure reprefents 
the pendulum at the extremity of its excurfion to the 
right hand, the tooth A having juft efcaped from the 
pallet C, and the tooth B having juft dropped on the 
pallet D. It is plain, that as the pendulum now moves 
over to the left, in the arch PG, the tooth B continues 
to prefs on the pallet D, and thus accelerates the pen- 
dulum, both during its dtfeent along the arch 1 H, and 
its afeent along the arch FIG. It is no lefs evident, 
tliat when the pallet D, by turning round the axis XY, 
raifes its point above the plane of the wheel, die tooth 
B efcapes from it, and I drops on the pallet C, which 
is now nearly perpendicular. I preffes C to the right, 
and accelerates the motion of the pendulum along the 
arch GP. Nothing can be more obvious than this ac- 
tion of the wheel in maintaining the vibrations of the 
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pendulum. We can eafily perceive, alfo, that when the Wat h- 
pendulum is hanging perpendicularly in the line XH, 
the tooth B, by prefting on the pallet D, will force the y 

pendulum a little way to the left of the perpendicular, 
and will force it fo much the farther as the pendulum 
is lighter ; and, if it be fufficiently light, it will be for- 
ced to far from the perpendicular that the tooth B will 
elcape, and then I will catch on C, and force the pen- 
dulum back to P, where the whole operation will be 
repeated. The fame efte& will be produced in a more 
remarkable degree, if the rod of the pendulum be con- 
tinued through the axd XY, and a ball Q_put on the 
other end to balance P. And, indeed, this is the con- 
trivance which was firft applied to clocks all over Eu- 
rope, before the application of the pendulum. They 
were balance clocks. The force of the wheel was of a 
certain magnitude, and therefore able, during its a&ion 
on a pallet, to communicate a certain quantity of mo- 
tion and velocity to the balls of the balance. When the 
tooth B efcapes from the pallet D, the balls are then 
moving with a certain velocity and momentum. In this 
condition, the balance is checked by the tooth I catch- 
ing on the pallet C. But it is not inftantly (topped. It 
continues its motion a little to the left, and the pallet C 
forces the tooth I a "little backward. But it cannot 
force it fo far as to efcape over the top of the tooth I; 
becaufe all the momentum of the balance was generated 
by the force of the tooth B ; and the tooth I is equal- 
ly powerful. Befides, when I catches on C, and C 
continues its motion to the left, its lower point applies 
to the face of the tooth I, which now a&s on the ba- 
lance by a long and powerful lever, and foon ftops its 
farther motion in that dire&ion, and now, continuing to 
prefs on C, it urges the balance in the oppofite direc- 
tion. 

Thus we fee that in a fcapement of this kind, the 
motion of the wheel mult be very hobbling and unequal, 
making a great ftep forward, and a Ihort ftep back- 
ward, at every beat. This has occalioned the contri- 
vance to get the name of the recoiling scapem^nt, 
the recoiling pallets. This hobbling motion is very ob. 
iervable in the wheel of an alarm. 

Thus have we obtained two principles of regulation. 
The fir It and molt obvious, as well as the molt perfe&, is 
the natural ifochronous vibration of a pendulum. The 
only ufe of the wheelvvork here, befides regittering the 
vibrations, is to give a gentle impuliion to the pendu- 
lum, by means of the pallet, in order to cornpenfate 
fri&ion, &c and thus maintain the vibrations in their 
primitivtTmagnitude. But there is no fuch native mo- 
tion in a balance, to which the motion of the wheels 
mutt accommodate itfelf. The wheels, urged by a de- 
termined preffure, and a&ing through a determined 
fpace (the face of the pallet), muff generate a certain 
determined velocity in the balance ; and therefore the 
time of the ofcillation is alfo determined, both during 
the progreffive and the retrograde motion of the wheel. 
The a&ions being fimilar, and through equal fpaces, in 
every ofcillation, they muff employ the lame time. 
Therefore a balance, moved in this manner, muft be 
ifochronous, and a regulator for a time-keeper. 

By thus employing a balance, the horizontal pofition 
of the axis XY is unneceffary. Accordingly, the old 
clocks had this axis perpendicular, by which means the 
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whole weight of the balance relied on the point of the 
pivot Y or X, according as the balance PQjvas placed 
above or below. By making the fupporting pivot'of 
hard fleel, and very {harp, friftion was greatly diminifh- 
ed. Nay, it was entirely removed from this part of the 
machine by fufpending the balance by a thread at the 
end X, inftead of allowing it to reft on the point of the 
pivot Y. 

As the balance regulator of the motion admits of 
every pofition of the machine, thofe clocks were made 
in an infinite variety of fanciful forms, efpecially in 
Germany, a country famous for mechanical contrivances. 
They were made of all fixes, from that of a gieatfteeple 
clock, to that of an ornament for a lady’s toilet. The 
fubftitufion of a fpring in place of a weight, as a firft 
mover of the wheel-work, was a moft ingenious thought. 
It was very gradual. We have feen, in the Emperor’s 
mufeum at BrufTels, an old (perhaps the firft) fpring 
clock, the fpring of which was an old fword blade, from 
the point of which a catgut w as wmund round the barrel 
of the firft wheel. Some ingenious German fubftituted 
the fpiral fpring, which both took lefs room, and pro- 
duced more revolutions of the firft wheel. 

When clocks had been reduced to fuch fmall fixes, 
the wifh to make them portable was very natural; and 
the means of accomplifhing this w^ere obvious, namely, 
a farther reduction of their fixe. This was accomplifh- 
ed very early ; and thus we obtained pocket watches, 
moved by a fpiral fpring, and regulated by a balance 
with the recoiling fcapement, which is ftill in ufe for 
common watches. The hobbling motion of the crown 
wheel is very eafily feen in all of them. 

It is very uncertain who firft fubftituted a pendulum 
in place of the balance (Clc/ck, EncycL) Huyghens, 
as we have already obferved, was the firft; who invefti- 
gated the motions of pendulums with fuccefs, and his 
book De Horologio Ofcillatorio may be confidered as the 
elements of refined mechanics, and the fource of all the 
improvements that have been made in the conftrudtion 
of fcapements. But it is certain that Dr Hooke had 
employed a pendulum for the regulation of a clock 
many years before ihe publication of the abovementioned 
treatife, and he claims the merit of the invention of the 
only proper method of employing it. We imagine 
therefore that Dr Hooke’s invention was nothing more 
than a fcapement for a pendulum making fmall vibra- 
tions, without making ufe of the oppofite motions of 
the two fides of the crown wheel. Dr Hooke had con- 
trived fome fcapement more proper for pendulums than 
the recoiling pallets, becaufe certainly thofe might be 
employed, and are aftually employed as a fcapement 
for pendulum clocks to this day, although they are in- 
deed very ill adapted to the purpofe. He had not only 
remarked the great fuperiority of fuch pendulum clocks 
as were made before Huyghens’s publication of the 
cycloidal pendulum over the balance clocks, but had 
alfo ieen their defeats, arifing from the light pendulums 
and wide arches of vibration, and invented a fcapement 
of the nature of thofe now employed. The pendulum 
clock which he made in 1658 for Dr Wilkins, after- 
wards Bifhop of Chefter, is mentioned by the inventor 
as peculiarly fuited to the moderate fwing of a pen- 
dulum ; and he oppofes this circumftance to a general 
practice of wide vibrations and trifling pendulums. The 

French are not in the pradftice of aferibing to us any 
thing that they can claim as their own ; yet Lepaute 
fays that the Echappement a l’Ancre came from England 
about the year 1665. It is alfo admitted by him that 
clock-making flourifhed in England at that time, and 
that the French artifts went to London to improve in 
it. Putting thefe and other circumftances together, 
we think it highly probable that we are indebted to Dr 
Hooke for the fcapement now in ufe. The principle 
of this is altogether different from the Ample pallets and 
diredl impulfe already deferibed ; and is fo far from be- 
ing obvious, that the manner of aftion has been mifun- 
derftood, even by men of fcience, and writers of fyftems 
of mechanics. 

In this fcapement we employ thofe teeth of the wheel 
which are moving in one direction ; whereas in the 
former fcapement, oppofite teeth were employed moving 
in contrary dire&ions. Yet even here we muft com- 
municate an alternate motion to the axis of the pallets. 
The contrivance, in general, was as follows : On the 
axis A (See fig. 3.) of the pendulum or balance is fix- 
ed a piece of metal BAG, called the crutch by our 
artifts, and the anchor by the French. It terminates 
in two faces B £ C c of tempered ftcel, or of fome hard 
ftone. Thefe are called the pallets, and it is on them 
that the teeth of the wheel aft. The faces B £ C c 
are fet in fuch pofuions that the teeth pufh them out 
of the way. Thus B pufhes the pallet to the left, and 
C pufhes its pallet to the right. Both puftr their pallets 
fidewife outward from the centre of the wheel. The 
pallet B is ufually called the leading, and C the driving 
pallet by the artifts, although it appears to us that thefe 
names fhould be reverfed, becaufe B drives the pallet 
out of the way, and C pulls or leads it out of the way. 
They might be called the frjl and fecond pallet, in the 
order in which they are afted on by the wheel. We 
fhall ufe either denomination. The figure is accommo- 
dated to the inaftive or refting pofition of the pendu- 
lum. Suppofe the pendulum drawn afide to the right at 
Q, and then let go. It is plain that the tooth B, prefling 
on the face of the pallet £ B £ all the way from |3 to^, 
thrufts it afide outwards, and thus, by the conneftion 
of the crutch with the pendulum rod, aids the pendu- 
lum’s motion along the arch QPR. When the pendu- 
lum reaches R, the point of the tooth B has reached 
the angle b of the pallet, and efcapes from it. The 
wheel prefling forward, another tooth C drops on the 
pallet face C c, and, by preffing this pallet outward, evi- 
dently aids the pendulum in its motion from R to P. 
The tooth C efcapes from this pallet at the angle c, 
and now a tooth B' drops on the firft pallet, and again 
aids the pendulum; and this operation is repeated con- 
tinually. 

'1 he mechanifm of this communication of motion is% 
thus explained by feveral writers of elements. The 
tooth B (fig. z.) is urged forward in the direction 
BD, perpendicular to the radius MB of the swing 
wheel. It therefore preffes on the pallet, which is 
moveable only in the direftion BE, perpendicular to 
BA the radius of the pallet. Therefore the force BD 
muft be refolved into two, vi%. BE, in the direftion in 
which alone the pallet can move, and ED, or BE, per- 
pendicular to that direftion. The lail of thefe only 
preffes the pallet and crutch againft the pivot hole A, 

BE 
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BE Is the only ufeful force, or the force communicated 
to the pallet, enabling it to maintain the pendulum’s 
motion, by reftoring the momentum loft by friiftion and 
other caules. 

But this is a very erroneous account of the modus 
opn-andi, as may be feen at once, by fuppofing the ra- 
dius' of the pallets to be a tangent to the wheel. This 
is a pofition moft frequently given to them, and is the 
very pofition in fig. 3. In this cafe MB is perpendi- 
cular to BA, and therefore BD will coincide with BA, 
and there will ue no fuch force as BE to move the pen- 
dulum. It is a truth, deducible from what we know 
of the mechanical conftitution of fobd bodies, and 
confirmed by numberlefs obfervations, that when two 
folid bodies prefs on each other, either in impul- 
fion or in dead preffure, the direction in which the 
mutual preffure is exerted is always perpendicular to 
the touching furfaces,. whatever has been the dire&ion 
of the impelling body (See Impulsion, Suppl. n° 66. 
Machinery. Suppl. n° 35. and feveral other parts of 
this Work.) Moreover this preffuie is mutual, equal, 
and oppolite. Whatever be the Ihapes of the faces of 
the tooth and pallet, we can draw a plane BN, which 
is the common tangent to both furfaces, and a line 
HBI through the point of contact perpendicular to 
BN. It is farther demonftrated in the article Machi- 
nery, Suppl. n° 35, &c. that the a&ion of the wheel 
on the pendulum is the fame as if the whole crutch 
were annihilated, and in its ftead there were two rigid 
lines AH, MI, from the centres of the crutch and 
wheel, perpendicular to HI, and conne&cd by a third 
rigid line or rod HI, touching the two in H and I. 

For if a weight V be hung at ■u, the extremity of the 
horizontal radius M v of the wheel, it will aft on the 
lever v MI, preffing its point I upwards in the direction 
IH perpendicular to MI ; the upper end of this rod IH 
will, in like manner, prefs the extremity H of the rod 
HA, and this will urge the pendulum from P toward 
R. To withftand this, the pendulum rod AP may be 
withheld by a weight a, hanging by a thread on the 
extremity of the horizontal lever A a, equal to M •u, 
and conne&ed with the crutch and pendulum. The 
weights V and a may be fo proportioned to each-other 
that, by a£ling perpendicularly on the crooked levers 
v MI, and a API, the prefiures at H and I fhail be 
equal, and juft balance each other by the intervention 
of the rod HI. When this is the cafe, we have put 
things into the fame mechanical ftate, in refpefl of mu- 
tual a&ion, as is effe&ed by the crutch, pallets, and 
wheel, which, in like manner, produce equal preflures 
at B the point of contact, in the direction BH and 
BI. The weight V may be fuch as produces the very 
fame effetft at B that is produced by the previous train 
of wheel-work. The weight z therefore muft be juft 
equal to the force produced by the wheel-work on the 
point z of the pendulum rod, becaufe by a&ing in the 
oppofue dire&ion it juft balances it. Let us fee there- 
fore what force is communicated to the pendulum by the 
wheels. 

Let x be the upward preffure excited at I, and y the 
«qual oppofite prefiure excited at H. Ihen, by the 
property of the lever, we have MI : M t = V : x, and 
x X MI = V X M *u. In like manner y X AH = 
Z X A z. Therefore, becaufe x—y> and A z = M *n, 
we have V : Z = MI : AH. That is, the force exert- 

ed by the tooth of the wheel in the dire&ion of its mo- Watch- 
tion is to the force imprefled on the pendulum rod at a wo1^' 
diftance equal to the radius of the wheel as Ml to AH. 
The force imprefled on the ball of the pendulum is lefs 
than this in the proportion Of AP to A z, or M v. 

Cor. 1. If the perpendiculars MN, AV, be drawn 
on the tangent plane, the forces at B and z will be as 
BN to BO. ' For thefe lines are refpe&ively equal to 
Ml and AH. 

Cor. 2. If HI meet the line of the centres AC in 
S, the forces will be as SM to SA ; that is, V : Z = 
SM : SA. 

Cor. 3. If the face /? B h of the pallet be the evo- 
lutrix of a circle deferibed with the radius AH, and 
the face of the tooth be the evolutrix of a circle deferi- 
bed with the radius MI, the force imprefled on the pen- 
dulum by the wheels will be conftant during the whole 
vibration (Machinery, n^ 36 ) But thefe are not the 
only forms which produce this conftancy. The forms 
of teeth deferibed by different authors, fuch as De la 
Hire, Camus, &c. for producing a conftant force in 
trains of wheel-work, will have the fame effe6l here. It 
is alfo eafy to fee that the force impreffed on the pen- 
dulum may be varied according to any law, by making 
thefe faces of a proper form. Therefore the face, from 
B outwards, may be fo formed that the force commu- 
nicated to the pendulum by the wheels, during its de- 
feent from Q^to P, may be in one conftant proportion 
to the acceleration of gravity, and then the fum of the 
forces will be fuch as produce ifochronous vibrations. If 
the inner part B A of the face be formed on the fame 
principle, the difference of the forces will have the fame 
law of vatiation. If the face & b be the evolutrix of 
a circle, and the tooth B terminate in a point gently 
rounded, or quite angular, the force on the pendulum 
will continually inercafe as the tooth Aides from /} to 
b. For the line AH continues of the fame magnitude, 
and MI diminifhes. The contrary will happen, if the 
pallet be a point, either fharp or rounded, and if the 
face of the tooth be the evolutrix now mentioned ; for 
MI will remain the fame, while AH diminifhes. If 
the tooth be pointed, and /3 <5 be a ftraight line, the 
force communicated to the pendulum will diminifh, 
while the tooth Aides from £ to b. For in this cafe 
AH diminifhes and MI increafes. 

Cor. 4. 1 n general, the force on the pendulum is 
greater as the angle MB £ increafes, and as AB£ di- 
minifhes. 

Cor. 5. The angular velocity of the wheel is to that 
of the pendulum, in any part of its vibration, as AH 
to MI. This is evident, becaufe the rod IH moving 
(in the moment under conlideration) in its own direc- 
tion, the points H and I move through equal fpaces, 
and therefore the angles at A and M muft be invtrfely 
as the radii. 

All that has now been faid of the firft pallet AB may 
be applied to the fecond pallet AC. 

If the perpendiculars C r be drawn to the touching 
plane oCn, cutting AM in s, we fhall have V : z = jM 
: s A, as in Cor. 2. And if the perpendiculars Mi, A A, 
be drawn on C j, we have V : Z = M i: A A, as in the 
general theorem. The only difference between the ac- 
tion on the two pallets is, that if the faces of both are 
plain, the force on the pendulum increafes during the 
whole of the a&ion on the pallet C, whereas it dimi- 
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nifhes during the progrefs of the tooth along the other 

, pallet. 
The reader will doubtlcfs remark that each tooth of 

the wheel afts on both pallets in fuccefiion ; and that, 
during .its adtion on either of them, the pendulum makes 
one vibration. Therefore the number of vibrations du- 
ring one turn of the wheel is double the number of the 
teeth : confequently, while the tooth Hides along one 
of the pallets, it advances half the fpace between two 
fucceflive teeth; and when it efcapes from the pallet, 
the other tooth may be juH in contadl with the other 
pallet. We fay it may be fo ; in which cafe there will 
be no dropping of the teeth from pallet to pallet. This, 
however, requires very nice workmanlhip, and. that every 
tooth be at precifely the fame diftance from its neigh- 
bour. Should the tooth which is juft going to.apply 
to a pallet chance to be a little too far advanced on the 
wheel, it would touch the pallet before the other had 
efcaped. Thus, fuppofe that before B efcapes from 
the point b of the pallet, the tooth C is in contadf with 
the pallet CG, B cannot efcape. Therefore when the 
pendulum returns from R towards Q^, the pallet £ 
returning along with it, will pufh back the tooth B of 
the wheel. It does this in oppofition to the force of 
the wheel. Therefore, whatever motion the wheel had 
communicated to the pendulum, during its fwing from 
P to will now be taken from it again. The pen- 
dulum will not reach Q. becaufe it had been aided in 
its motion from Q^_, and had proceeded further than it 
would have done without this help. Its motion toward 
Q^is further diminiftied by the fridtion of the pallet. 
Therefore it will now return again from fome nearer 
point q, and will not go fo far as in the laft vibration, 
but will return through a ftill fhorter arch : And this 
will be ftill more contradled in the next vibration, &c. 
&c. Thus it appears that if a tooth chances to touch 
the pallet before the efcape of the other, the wheel will 
advance no farther, and foon after the pendulum will be 
brought to reft. 

For fuch reafons it is neceflary to allow one tooth to 
efcape a little before the other reaches the pallet on which 
it is to adf, and to allow a fmall drop of the teeth from 
pallet to pallet. But it is accounted bad workmanfhip 
to let the drop be conliuierable, and clofe fcapement is ac- 
counted a mark of care and of good workmanfhip. It 
is evidently an advantage, becaufe it gives a longer time 
of adtion on each pallet. This freeing the fcapement 
cannot be accomplifhed by filing fomething from the 
face of the tooth ; becaufe this being done to all, the 
diftance between them is diminifhed rather than aug- 
mented. The pallets muft be firft fcaped as clofe as 
pofiible. This obliges the workman to be careful in 
making the teeth equidiftant. Then a fmall matter is 
taken from the point of each pallet, by filing off the 
baqk b r oi the pallet- The tooth will now efcape be- 
fore it has moved through half a fpace. 

From all that has been faid on this particular, it ap- 
pears that the inteival between the pallets muft com- 
prehend a certain number of teeth, and half a fpace 
more. 

The firft circumftance to be confidered in contriving 
a fcapement is the angular motion that is intended to 
be given to the pendulum during the adtion of the wheel. 
This is ufually called the angle of fcapement, or the angle 
of a8ion. Having fixed on an angle a that we think 
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proper, we muft fecure it by the pofition and form of 
the face of the pallets. Knowing the number of teeth 
in the fwing-wheel, divide x8o° by this number, and the 
quotient is the angle b of the wheel’s motion during 
one vibration of the pendulum. In the line AM, join- 
ing the centres of the crutch and wheel, make SM to 
SA, and j M to j A, as the angle a to the ahgle b ; 
and then, having determined how many teeth (hall be 
comprehended between the pallets, call this number n. 
Multiply the angle £ by « -j~ x, and take the half of 
the produdt. Set off this half in the circumference of 
the wheel (at the points of the teeth) on each fide of 
the line joining the centres of the crutch and wheel, as 
at TB and TC. Through S and s draw SB and s C, 
and through B draw & ¥> b perpendicular to SB, for the 
medium pofition of the face of the firft pallet ; that is, 
for its pofuion when the pendulum hangs perpendicu- 
lar. In like manner, drawing oC n perpendicular to 
j- C, we have the medium pofition of the iecond pallet. . 
The demonftration of this conftruftion is very evident 
from what has befn faid. 

We have hitherto fuppofed that the pendulum fi- 
nifhes its vibration at the inllant that a tooth of the 
wheel efcapes from a pallet, and another tooth drops on 
the other pallet. But this is never, or fhould never be, 
the cafe. The pendulum is made to fwing fomewhat 
beyond the angle of fcapement : for if it do not when 
the clock is clean and in good order, but flop precifely 
at the drop of a tooth, then, when it grows foul, and 
the vibration diminifhes, the teeth will not efcape at all, , 
and the clock will immediately flop. Therefore the 
force communicated by the wheels during the vibration 
within the limits of fcapement, muft be increafed fo as 
to make the pendulum throw (as the artifts term it) 
farther out; and a clock is more valued when it throws 
out confiderably beyond the angle of fcapement. There 
are good reafons for this. The momentum of the pen- 
dulum, and its power to regulate the clock (which Mr 
Harrifon fignificantly called w* dominion'), is propor- 
tional to the width of its vibrations very nearly. 

This circumftance of exceeding the angle of fcape- 
ment has a very great influence on the performance of ■ 
the clock, or greatly affe&s the dominion of the pen- 
dulum. It is eafy to lee that, when the face £ £ of the 
leading pallet is a plane, if the pendulum continue its 
motion to the right, from P toward Q^, after the tooth 
B has dropped on it, the pallet will pufh the wheel 
back again, while the tooth Hides outward on the pallet 
toward P>. Such pallets therefore will make a recoiling 
fcapement, refembling, in this circumftance, the old pal- 
let employed with the crown wheel, and will have the 
properties attached to this circumftance. One confe- 
quence of this is, that it is much affedled by any ine- 
qualities of the maintaining power. It is a matter of 
the moft familiar obfervation, that a common watch 
goes flower when within a quarter of an hour of being 
down, when the a£lion of the fpring is very weak, in 
confequence of its not pulling by a radius of the fu- 
fee. We obferve the fame thing in the beating of an 
alaium clock. Alfo if we at any time prefs forward 
the wheelwork of a common watch with the key, we 
obferve its beats accelerate immediately. The reafon 
of this is pretty plain. The balance, in confequence of 
the acceleration in the angle of fcapement, would have 
gone much farther, employing a confiderable time in 
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Watch- the excurfion. This is checked abruptly, which both 
work, {hortcns the vibration and the time employed in it. In 

w-,. return of the pendulum, the motion is accelerated 

the whole way, along an arch which is Ihorter than 
what correfponds to its velocity in the middle point ; 
for it is again checked on the other fide, and dees not 
make its full excurfion. Moreover, all this irregularity 
of force, or the great deviation from a rehltance to the 
txcurfion proportional to the diftance from the middle 
ooint, is exerted on the pendulum when it is near the 
end of the excurfion, where the velocity being imall, 
this irregular force afts long upon it, at the very time 
that it has little force wherewith to refill it. All tem- 
porary inequalities of force, therefore, will be more felt 
in this fituation of the balance than if they had been 
exerted in the middle of its motion. And although the 
regulating power of a pendulum greatly exceeds that of 
the light balances ufed in pocket watch<s, fomething of 
the fame kind may be expe&ed even in pendulum 
clocks. Accordingly this appears by a feries of expe- 
riments made by Mr Berthoud, a celebrated watchma- 
ker of Paris. A clock, with a half fecond pendulum 
weighing five drams, was furnilhed with a recoiling 
fcapement, whofe pallets were planes. The angle of 
fcapement was ^4 degrees. When actuated with a 
weight of tw^o pounds, it fwung 8°, and loft 15'' per 
hour; with four pounds, it fwung to0, and loft 6h 
Thus it appears that by doubling the maintaining 
power, although the vibration was increafed in conle- 
quence of the greater impulfe, the time was lefftned gr 

per hour, viz. about It plain, from w'hat was 
laid when we deferibed the firft fcapeme.it, that an in- 
creafe of maintaining power muft render the vibration 
more frequent. We faw, on that occafion, that, even 
when the gravity of the pendulum is balanced by a 
weight on the other end of the rod, the force of the 
wheels will produce a vibratory motion, and that an 
augmentation of this force will mcreafe it, or make the 
vibrations more rapid. The precife effedf of any parti- 
cular form of teeth can he learned only by computing 
the force on the pendulum in every pofrtion, and then 
conftru&ing the curve ^ f x C of fig 1. 1 he rapid in- 
creafe of the ordinates beyond thofe of the triangle 
ADC, forms a conliderable area DA * 0, to compen- 
fate the area x 0 C, and thus make’s a confiderahle con- 
traflion A t of the vibration, and a fenhble contradtion 
A® f u • — of the time. 
2 

Mr George Graham, the celebrated watchmaker in 
London, was alfo a good mathematician, and well qua- 
lified to confider this fubjea fcientifically. He con- 
trived a fcapement, which he hoped would leave the 
pendulum almoft in its natural ftate. ihe adding face 
of the pallet a b c (fig- 4 ) *8 a P^ane- The tooth drops 
on and efcapes from c, and is on the middle point b 
when the pendulum is perpendicular. Beyond a, the 
face of the pallet is an arch a r/, whofe centre is A, the 
centre of the crutch. The maintaining power is made 
fo great as to produce a much greater vibration than 
the angle of active fcapement a A c. The confequence 
of this is that, when the tooth drops on the angle a, 
the pendulum, continuing its motion, carries the crutch 
alon" with it, and the tooth paftes on the arch a d, in 
a direftion paffing through the centre of the crutch. 
This preffure can neither accelerate nor retard the mo- 

tion of the crutch and pendulum. As the pendulum Watch 
was accelerated after it puffed the perpendicular, by the , w 01 k 

other pallet, it will (if quite unohilrutted) throw out 
farther than what correfponds to the velocity which it 
had in the middle point of its vibration ; perhaps till 
the tooth paffes from a to £ on the circular arch of the 
pallet. But although it futtains no contrary action 
from the wheels during tin's excurfion beyond the angle 
of fcapement, it will not proceed fo far, but will flop 
when the tooth reaches d; becaufe there muft be fome 
refiftance ariling from the friftion of the tooth along 
the arch ad* and from the clamminefs of the oil em- . 
ployed to lubricate it: but this refiftance is exceeding- 
ly minute, not amounting to 4th of the preffure on the 
arch. Nay, we think that it appears from the experi- 
ments of Mr Coulomb that, in the cafe of fuch minute 
preffures on a furface covered with oil, there is no fen- 
fible retardation analogous to that pioduced by friction, 
and that what retardation we obferve arifes entirely 
from the clamminefs of the oil. We are fo imperfectly 
acquainted with the manner in which fridtion and vif- 
cidity obftrudt the motions of bodies, that we cannot 
pronounce decifively what will be their effett in the 
prefent cafe. Fridtion does not increafe much, if at all, 
by an increafe of velocity, and appears like a fixed 
quantity when the preffure is given. This makes all 
motions which are obftrufted by friAion terminate a- 
bruptly. This will fhorten both the length and the 
time of the outward excurfion of the pendulum. The 
vifeidity of the oil refifts differently, and more nearly 
in the proportion of the velocities. The diminution of 
motion will not be in this proportion, becaufe in the 
greater velocities it a<fts for a fhorter time. Were this 
accurately the cafe, the refiftance of vifeidity would 
alfo be nearly conftaut, and it would operate as friftion 
does. But it does not flop a motion abruptly, and the 
motions are extinguifhed gradually. Therefore, al- 
though vifeidity muft always diminifh the extent of the 
excuriion, it may fo vary as not to diminifh the time. •. 
We apprehend, however, that it generally does. But 
whatever happens in the excurfion, the return will cer- 
tainly be flo ver, and employ more time than if it had 
not been obftru&ed, becaufe the velocity in every point 
is lefs than if perfe&ly free. The whole arch, confift- 
ing of a returning arch and an excurfion on the other 
fide, may be cither flower or quicker, according as the 
compenfation is complete or not, or is even overdone. 

All thefe reflections occurred to Mr Graham ; and 
he was perfuaded that the time o£ the tooth’s remain- 
ing on the arch a d, both afeending and defending, 
would differ very little from that of the defeription of 
the fame arch by a free pendulum. The great caufes 
of irregularity feemed to be removed, viz. the inequali- 
ties in the aCtion of the wheels in the vicinity of the 
extremity of the vibration, where the pendulum having 
little momentum is, long in the fame little fpace, expo- 
fed to their a&ion. The derangement produced by any 
force depends on the time of its a&ion, and therefore 
muft be greateft when the motion is floweft. The pen- 
dulum gets its impulfe in the very middle of its vibra- 
tion, where its velocity is the greateft; and therefore ; 
the inequalities of the maintaining power aft on it on- 
ly for a fhort time, and make a very trifling alteration 
in the time of its deferibing the arch of fcapement. 
Beyond this, it is nearly in the ftate of a free pendu- 

lum i 
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Watch- lurn ; nny, even though it be afle&cd by an inequality 

woik. cf ^|)e maintaining power, and it be accelerated beyond 
“'~v ~ its ufual rate in that arch, the chief effeA of this will 

be to caufe it to defcribe a larger arch of excurfion. 
The fhortening of the time of this defeription by the 
fnotion will be the fame as before, happening at the 
very end of the excurfion ; but the return will be more 
retarded by the frifhon on a longer arch. And, by 
this, a compenfation may be made for the trifling com 
tra&ion of the time of deferibing the arch of fcapement. 

This circumllance of giving the irnpulfe in the middle 
of the vibration, where its time of a&ion is the fmalleft 
pofiible, and whereby the pendulum is fo long left free 
from the aftion of the wheels, is of the very frrft import- 
ance in all fcapements, and fhould ever be in the mind of 
the mechanician. When this is adhered to,.the form of 
the face ab c h fcatcely of any moment. Much has been 
written on this form, and many attempts have been 
made to make it fuch that the adtion of the wheels 
fhall be proportional to the a&ion of gravity. To 
do this is abfolutely impofiible. Mr Graham made 
them planes, not only becaufe of eafrefl execution, but 
becaufe a plane really confpires pretty well with the 
change of gravity. While the pendulum moves from 
Qj:o P (fig. 3.), the force of gravity, acting in the di- 
Yedtion QP, is continually diminifhing. So is the ac- 
celerating power of the pallet from a to b. When the 
pendulum rifes from P to R, a force in the oppofite di- 
redtion RP continually increafes. This is analogous to 
the continual diminution of a force in the diiedtion 
PR. Now we have Inch a diminution of fuch a torce, 
in the adtion of the pallet from b to c, and fuch an aug- 
mentation in the adtion of the other pallet. 

For all thefe reafons, this conftrudtion of a fcape- 
ment appeared very promifing. Mr Graham put it in 
pradtice, and it anlwered his moft ianguine expedtaiion, 
and is now univerfally adopted in all nice clocks. Mr 
Graham, however, did not think it prudent to caufe a 
tooth to drop on the very angle a of the pallet. He 
made it drop on a point f of the arch of excuriion. 
This has alfo the advantage of diminilhing the angle of 
adlion, which we have proved to be of feivice. It re- 
quires, indeed, a greater maintaining power ; but this 
can eafily be procured, and is lefs affedted by the chan- 
ges to which it is liable by the effedl of heat and cold 
on the oil. Our obfervations on the effedls of fridtion 
and vifeidity in the arch ad feem to be confirmed by 
the obfervations of feveral artifts, who agree in faying 
that a great increafe of maintaining powei increafes the 
vibrations, but makes them perceptibly flower. When 
they wrote, much oil was applied to diminifh the ftic- 
tion on the arch of repofe ; but, lince that time, the 
rubbing parts were made fuch as required no oil, and 
this retardation difappeared. In the clock of the tran- 
frt room of the Royal Obfervatory, the angle of adtion 
feldom exceeds one-third of the fwing of the pendu- 
lum. The pallets are of oriental ruby, and the wheel 
is of fteel tempered to the utmoft degree of hardneis. 
This clock never varies a whole fecond from equable 
motion in the courfe of five days. 

This contrivance is known by the name of the dead 
beat, the dead scapement; becaufe the feconds index 
Hands ftill after each drop, whereas the index of a clock 
with^a recoiling fcapement is always in motion, hob- 
bling backward and forward. 

Thefe fcapements, both recoiling and dead beat, have W;nch- 
been made in a thoufand forms; but any perfon toler- work, 
ably acquainted with mechanics, will fee that they v 

are all on the fame principles, and differ only in fhape 
or feme equally unimportant circumftance Perhaps 
the moft convenient of any is that reprefented in fig. 5. 
where the fhaded part is the crutch, made of brafs or 
iron, and A and B are two pieces of agate, flint, or 
other hard ftone, cut into the proper fhape for a pallet 
of either kind, and firmly fixed in proper fockets. They 
projedt half an inch, or thereabouts, in front of the 
crutch, fo that the fwing wheel is alfo before the crutch, 
diifant about roth of an inch or fo, Pallets of ruby, 
driven by a hard fttel fwing wheel, need no oil, but 
merely to be once rubbed clean with an oily cloth. 

Sometimes the wheel has pins inftead of teeth. They 
are ranged round the rim of the wheel, perpendicular 
to its plane, and both pallets are on one fide of the 
wheel, Handing perpendicular to its plane. One of 
thefe pins drops from the firft to the fecond pallet at 
once. The pallets are placed on two arms, as in fig. 6. 
in which cafe the pins are alternately on difierent Tides 
of the wheel ; or on one, as in fig. 7. By the motion 
of the pendulum to the right, the pin (in fig. 7.), af- 
ter refting on the concave arch d a, a&s on the face a c, 
and drops from c on the other concave arch ig, which 
continues to rpove a little way to the right. It then re- 
turns, and the pin Aides and ads on the pallet i h, and 
efcapes at b ; and the next pin is then on the arch of 
repoie d a. 

It being evident that the recoiling fcapement accele- 
rates the vibrations beyond the rate of a free pendulum, 
and it alfo appearing to many of the firft artifts that the 
dead fcapement retards them, they have attempted to 
form a fcapement which ftiall avoid both of thefe de- 
feds, by forming the arches ad, ig, fo as to produce a 
very fmall recoil. Mr Berthoud does this in a very 
limple manner, by placing the centre of a d at a fmall 
diftance from that of the crutch, fo as to make the rife 
of the pallet above the concentric arch about one-third 
of the arch itfelf. Applying luch a crutch to the light 
pendulum mentioned in a former paragraph, he found 
that doubling, and even trebling the maintaining power, 
produced no change in the time of vibration, though it 
increafed the width from 8° to 1 2<» and 14°. We have 
no doubt of the efficacy of this contrivance, and think it 
very proper for all clocks which require much oil, fucu 
as turret clocks, &c. But we apprehend that no rule 
can be given for the angle that the recoiling arch fhouli 
make with the concentric one. We imagine that this 
depends entirely on the (hare which fridtion and oil 
have in producing the retardation of the dead beat. 

Other artifts have endeavoured to avoid the inconve- 
niences of fridtion and oil on the arch of repofe in ano- 
ther way. Inftead of allowing the tooth of the wheel 
to drop on the back of the pallet, which we called the 
arch of excutfion, and others call the arch of repofe, it 
drops on a detent ota (fig. 8.), of which the part ta 
is part of an arch whofe centre is A, the centre of the 
crutch, and the part / 0 is in the diredtion of the radius. 
This piece does not adhere to the pallet, but is on the 
end of an arm ,0 A, which turns round the axis A of 
the crutch on fine pivots: it is made to apply itfelf to 
the back of the pallet by means of a flender fpring Ap, 
attached to the pallet, and prefling inward on a pin p, 

fixed 
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W-itch- fixed in the arm of the detent. When fo applied, its 

work, ta mates tfie repofe, and its points makes a fmall 
,/ portion of the face a c oi the pallet. 

The a&ion of this apparatus is very eafily underftood. 
When a tooth efcapes from the fecond pallet, by the 
motion of the pendulum from the left to the right, an- 
other tooth drops on this pallet (which the figure fhews 
to be the fir(l or leading pallet) at the angle t, and refts 
on the fmall portion of an aich of repofe. But the 
crutch, continuing its motion to the right, immediately 
quits the arm o A, carrying the pallet ac r along with 
it, and leaving the wheel locked on the detent o t a. By 
and bye the pendulum finifhes its excurfion to the right, 
and returns. When it enters the arch of action, the 
pallet has applied itfelf to the detent o / a, and with- 
draws it from the tooth. The tooth immediately afts 
on the face a c oi the pallet, and reftores the motion 
loft during the laft vibration. The ufe of the fpring is 
merely to keep the detent applied to the pallet without 
(baking. It is a little bent during their feparation, 
and adds fomething of an oppofing force to the afcent 
of the pendulum on the other fide of the wheel, and ac- 
celerates its return. A iimilar detent on the back of 
the fecond pallet performs a fimilar office, fupporting 
the wheel while the pendulum is beyond the arch of 
fcapement, and quitting it when the pendulum enters 
that arch. 

We do not know who firft praftifed this very inge- 
nious and promifing invention. Mr Madge certainly 
did fo as early as 1753 or 1754. Mr Berthoud fpeaks 
obfcurely of contrivances of the fame nature. So does 
Le Roy, and (we think) Le Paute. We fay that it 
is very promifing. Fridlion is almoft annihilated by 
transferring it to the pivots at A ; fo that, in the ex- 
curfion beyond the angle of fcapement, the pendulum 
feems almoft free. Indeed feme artifts of our acquaint- 
ance have even avoided the fri&ion of the pivots at A, 
by making the arm of the detent a Ipring of confider- 
able thicknefs, except very near to A, where it is made 
very thin and broad. But we do not find that this con- 
ftru&ion, though eafily executed, and fufceptible ot 
great precifion and fteadmefs of a<P;ion, is much practi- 
fed. We prefume that the performance has not an- 
f we red expectations. It has not been fuperior to the 
incomparably more fimple dead fcapement of Graham. 
Indeed we think that it cannot. A part of the fric- 
tion ftill remains, which cannot be removed ; namely, 
while the arch is drawn from between the tooth and 
pallet. Nay, we apprehend that fomething more than 
fridtion muft be overcome here. rl he tooth is apt to 
force the detent outward, unlefs the part f« be a little 
elevated at its point a like a claw, above the concen- 
tric arch, and the face of the tooth be made to incline 
forward, fo as to fit this fhape ol the detent. I his 
will confume feme force, when the momentum of the 
pendulum is by no means at its maximum. Should the 
clock be foul, and the excurfions beyond fcapement be 
very fmall, this difturbance muft be exceedingly petni- 
cious. But we have a much greater objeftion. During 
the whole excurfion beyond fcapement, there is a new 
force of a fpring a&ing on the pendulum, which de- 
viates confiderably from the proportions of the accelera- 
tJng power of gravity. It does not commence its ac- 
tion till the detent feparates from the arm of the crutch. 
Then the fpring of the detent ada aa a retarding force 
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again ft the excuriion of the pendulum, now on the o- Watch- 
ther fide, bringing it fooner to reft, and then accelera-, work- 
ting it in its way back to the beginning of the arch of 
fcapement. In (hort, this conftru&ion ftiould have the 
properties of a recoiling fcapement. We got a clock- 
maker to make fome experiments on one which he had 
made for an amateur, which fully confirmed our con- 
je&ure. When the detent Ipring was ftrong, an in- 
creafe of maintaining power made the vibrations both 
wider and more rapid. The artift reduced the ftrength 
of the fpring till this effed was rendered very fmall. 
It might perhaps be quite removed by means of a ftill 
weaker fpring: But the fpring was already fo weak that 
a hard ftep on the floor of the room did fometimes dif- 
engage the detent from the wheel. It appears, there- 
fore, that nothing can be reafonably expeded from this 
conftrudion that is not as well performed by the dead 
fcapement of Mr Graham, of much eafier execution, 
and more certain performance. 

Very fimilar to this conftrudion (at leaft in the ex- 
curficn beyond the angle of fcapement) is the conftruc- 
tion of Mr Gumming, and it has the fame defeds. His 
pallets are carried, as in the one deferibed, by the crutch. 
The detents prefs on them behind by their weight on- 
ly : therefore, when the tooth is locked on the detent 
of one pallet, its weight is taken off from the pendu- 
lum on that fide, and the weight of the detent on the 
other fide oppofes the afcent, and accelerates the de- 
feent of the pendulum. 

Mr Gumming executed another fcapement, confift- 
ing, like thofe, of a pallet and detent. But the man- 
ner of applying the maintaining power is extremely dif- 
ferent in principle from any yet deferibed. It is ex- 
ceedingly ingenious, and feems to do all that is pof- 
fible for removing every fource of irregulaiity in the 
maintaining power, and every obftrudion to Iree mo- 
tion arifing from fridion and oil in the fcapement. For 
this reafon we ffiall give fuch an account of its efiential 
circumftances as may fuffice to give a clear conception 
of its manner of ading, and its good properties and 
defeds ; but referring the inquifitive reader to Mr 
Cumrcing’s Elements of Clock and Watch Work, pub- 
lilhed in 1 766, for a more full account. 

In the fcapements laft deferibed, the pallets were 
fixed to the crutch and pendulum, and the maintaining 
power, during its adion, was applied to the pendulum 
by means of the pallets, in the fame way as in ordinary 
fcapements. The detents were unconneded with the 
pendulum, and it was free during the whole excurfion. 
In the prefent fcapement both the pallets and detents 
are detached fiomthe pendulum, except in the moment 
of unlocking the wheel ; fo that the pendulum may be 
faid to be free during its whole vibration, except du- 
ring this fhort moment. 

ABC (fig. 9.) reprefents a portion of the fwing 
wheel, of which O is the centre, and A one of the 
teeth ; Z is the centre of the crutch, pallets, and pendu- 
lum. The crutch or detents is reprefented of a form 
refembling the letter A, having in the circular crofs 
piece a flit i k, alfo circular, Z being the centre. This 
form is very different from Mr Cumming’s, and inferior 
to his, but was adopted here in order to avoid a long 
defeription. The arm ZF forms the firft detent, and 
the tooth A is reprefented as locked on it at F. D ia 
the firft pallet on the end of the arm Z d moveable 

round 
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Watch* round the fame centre with the detents, but moveable 

work* independently of them. The arm r/e, to which the pallet 
“ v D is attached, lies altogether behind the arm ZF of the 

detent, being fixed to a round piece of brafs efg, which 
has pivots turning concentric with the verge or axis ot 
the pendulum. To the fame round piece of brals is 
fixed the horizontal arm e H, carrying at its extremity 
the ball H, of fuch fize, that the aftion of the tooth A 
on the pallet D is juft able (but without any rifle of fail- 
ing) to raife it up to the pofition het^ drawn. ZP/> 
reprefents the fork, or the pendulum rod, behind both 
detent and pallet. A pin p projects forward, coming 
through the flit i /£, without touching the upper or un- 
der margin of it. There is alfo attached to the fork 
the arm mn (and a fimilar one on the other fide), of 
fuch length that, when the pendulum rod is perpendi- 
cular, as is reprefented here, the angular diltance of n 7 
from the rod e <7 H is precifely equal to the angular di- 
ftance of the left fide of the pin p from the left end i 
of the flit i k. 

The mode of aftion on this apparatus is abundantly 
fimple. The natural pofition of the pallet D is at <t, re- 
prefented by the dotted lines, refting on the back of 
the detent F. It is naturally brought into this pofi- 
tion by its own weight, and ftill more by the weight of 
the ball H. The pallet D, being fet on the fore fide 
of the arm at Z, comes into the fame plane with the 
detent F and the fwing-wheel. It is drawn, however, 
in the figure in another pofition. The tooth C of the 
wheel is fuppofed to have efcaped from the lecond pal- 
let, on which the tooth A immediately engages with 
the pallet D, fituated at j1, forces it out, and then refts 
on the detent F, the pallet D leaning on the tip of the 
tooth. F is brought into this fituation in a way that 
will appear prefently. After the efcape of C, the pen- 
dulum, moving down the arch of femivibration, is repre- 
fented as having attained the vertical pofition. Proceed- 
ing ftill to the left, the pin p reaches the extremity i of 
the flit ik\ and, at the fame iirftant, the arm n touches 
the rod eH in q. The peadulum proceeding a hair’s 
breadth further, withdraws the detent f from the tooth, 
which now even pufties off the detent, by adting on the 
flant face of it. The wheel being now unlocked, the 
tooth following C on the other fide afts on its pallet, 
pufhes it off, and refts on its detent, which has been ra- 
pidly brought into a proper pofition by the ad ion of A 
on the flant face of F. It was a fimilar adion of C on 
its detent, in the moment of efcape, which brought F 
into a fit pofition for locking the wheel by the tooth 
A. The pendulum ftill going on, the arm m n carries 
the weight of the ball H, and the pallet connetfed with 
it, and it comes to reft before the pin p again reaches 
the end of the flit, which had been fuddenly withdrawn 
from it by the a&ion of A on the flant face of F. The 
pendulum now returns towards the right, loaded on the 
left with the ball H, which reftores the motion which 
it had loft during the laft vibration. When, by its mo- 
tion to the right, the pin p reaches the end k of the flit 
t kt it unlocks the wheel on the right fide. At the 
fame inftant the weight H ceafes to aft on the pendu- 
lum, being now raifed up from it by the adtion of a 
tooth like 13 on the pallet D. 

^ Let. us now confider the mechanifm of thefe motions, 
1 he prominent feature of the contrivance is the almoft 

complete diiengagement of the regulator from the wheels. 
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The wheels, indeed, aft on the pallets ; but the pallets Watch- 
are then detached from the pendulum. 'The foie ufe of the w0rK‘ , 
wheel is to raife the little weights while the pendulum ”* 
is on the other fide, in order to have them in readinefs 
at the arrival of the pendulum. They are then laid on 
the pendulum, and fupply an accelerating force, which re- 
ftores to the pendulum the momentum loft during the 
preceding vibration. Therefore no inequalities in the 
aftion of the wheel on the pallets, whether ariling from 
friftion or oil, has any effeft on the maintaining power. 
It remains always the fame, namely, the rotative mo- 
mentum of the two weights. The only circumftance, 
in which the irregularity of the aftion of the wheels 
can affeft the pendulum is at the moment of unlock- 
ing. Here indeed the regulator may be affefted ; but 
tins moment is fo fhort, in comparifon with other fcape- 
ments, that it muft be confidered as a real improve- 
ment. 

It is very uncandid to refufe the author a claim to 
the charafter of an ingenious artift on account of this 
contrivance, as has been done by a very ingenious uni- 
verfity Profeffor, who taxes Mr Gumming with igno- 
rance of the JirJl elements of mechanicsy and fays that the 
heft thing in his book is his advice to fufpend the pen- 
dulum from a great block of marble, firmly fixed in the 
wall *. This is certainly a good advice, and we doubt * See LuJ- 
rtot'but that the Profeffor’s clock v/ould have performed Efiy, 
ftill better if he had condefcended to follow it. It is ftill 
lefs candid to queftion the originality of the invention. 
We know for certain that it was invented at a time and 
place where the author could not know what had been 
done by others. It would have been more like the ur- 
banity of a well-educated man to have acknowledged 
the genius, which, without fimilar advantages, had done 
fo much. 

But, while we thus pay the tribute of juftice to Mr 
Gumming, we do not adopt all his opinions. The 
clock has the fame defefts of the former in refpeft of 
the laws ot the force which accelerates the pendulum. 
The hidden addition of the fmall weight, and this al- 
moft at the extremity of the vibration, would derange 
it very much, if the addition were fufceptible of any 
fenfible variation. The irregularity of the aftion of the 
wheels may fenfibly affeft the motion during the un- 
locking, when the clock is foul, and the pendulum jujl 
able to unlock ; for any dilturbance at the extremity of 
the vibration greatly affefts the time. We acknow- 
ledge that the parts which we here fuppofe to be foul 
may not be lo in the courfe of twenty years, thefe parts 
being only the pivots of the fcapement. The great defeft 
of the fcapement is its liablenefs to unlock by any jolt. 
It is more fubjeft to this than the others already men- 
tioned. This rifle is much increafed by the (lender 
make of the parts, in Mr Cumming’s drawings, and 
in the only clock of the kind we have feen ; but this 
is not neceffary : and it fhould be avoided for another 
reafon ; the interpofing fo many {lender and crooked 
parts between the moving power and the pendulum 
weakens the communication of power, and requires a 
much more powerful wheelwork. 

All thefe, ho wever, are flight defefts, and only the 
iaft can be called a fault. The clocks made on this 
principle have gone remarkably well, as may be feen by 
the regiffers of his majefty’s private obfervatory. But 
the greateft objeftion is, that they do not perform bet- 
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ter than a well-made dead fcapement} and they are 
vaitly more troublefome to make and to manage. This 
is ftridtly true, and is a ferious objeftion. The faft ia, 
that the dominion of a heavy pendulum is fo great, that 
if any one of the fcapements now defcribed be well ex- 
ecuted with pallets of agate, and a wheel of hard fteel, 
and if the pendulum be fufpended agreeably to Mr Cum- 
mmg’s advice, there is hardly any difference to be ob 
ferved in their performance. We fhall content ourfelves 
with a fingle proof of this from faft. The clock in- 
vented by the celebrated Harrifon is at leaji equal in its 
performance to any other. Fri&ion is almofi annihila- 
ted, and no oil is required. It went fourteen years 
without being touched, and during that time did not 
vary one complete fecond from one day to another, nor 
ever deviated half a minute by accumulation from equa- 
ble motion : Yet the fcapement, in fo far as it refpe&s 
the law of the accelerating force, deviates more from 
the proportion of the fpaces than the mod recoiling 
fcapement that ever was put to a good clock. It is fo 
different from all hitherto delcribed, both in form and 
principle, that we mull not omit fome account of 
it, and with it we fhall conclude our fcapements for 
clocks. 

Let GDO reprefent the fvving-whetl, of which M 
rs the centre. A is the verge or axis of the pendulum. 
It has two very fhort arms AB, AE. A llender rod 
BC turns on fme pivots in the joint B, and has at its 
extremity C a hook or claw, which takes hold of a 
tooth D of the fwing-wheel when the pendulum moves 
from the right fide to the left. This claw, when at 
liberty, ftands at right angles, or, at leaff, in a certain de- 
terminate angle, with regard to the arm AB; and when 
drawn a little from that pofition, it is brought back to 
it again by a very {lender fpring. The arm AE is fur- 
nifhed with a detent EF, which alfo, when at liberty, 
maintains its pofition on the arm by means of a very 
flender fpring. 

Let us now fuppofe that the tooth D is prefling on 
the claw C, while the pendulum is moving to the right. 
The joint B yields, by its motion round A, to the pref- 
fure of the tooth on the claw. By this yielding, the 
angle ABC opens a little. In the mean time, the fame 
motion round A caufes the point F of the detent on 
the other fide to approach the circumference of the 
wheel in the arch of a circle, and the tooth G at 
the fame time advances. They meet, and the point 
of G is lodged in the notch under the proje&ing 
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heel /. When this takes place, it is evident that 
any farther motion of the point E round A muff pufh 
the tooth G a little backward, by means of the de- 
tent EF. It cannot come any nearer to the wheel, 
becaufe the point of the tooth flops the heel f. The 
inflant that F pufhes G back, the tooth D is with- 
drawn from the claw C, and C flits out, by the aftion 
of its fpring, and refumes its poikion at right angles 
to BA ; and the wheel is now free from the claw, but 
is pufhing at the detent F (c). The pendulum, ha- 
ving finifhcd its excurflon to the right (in which it cau- 
fes the wheel to recoil by means of the detent F), re- 
turns toward the left. I he wheel now advances agairj, 
and, by prefling on F, aids the pendulum through the 
whole angle of fcapement. By this motion the claw 
C defcribes an arch of a circle round A, and approaches 
the wheel, till it take hold of another tooth, namely, 
the one following D, and pulls it back a little. This 
immediately frees the detent F from the preffure of the 
tooth G, and it flies out a little from the wheel, refu- 
ming its natural pofition by means of its fpring. Soon 
after, the motion of the pendulum to the left ceafes, and 
the pendulum returns ; D pulling forward the hook C 
to aid the pendulum, and the former operation is re- 
peated, &c. &c. 

Such is the operation of the pallets of Harrifon and 
Hindley. Friction is almoft totally avoided, and oil en- 
tirely (d). The motion is given to the pendulum by a 
fair pull or pufln, and the teeth of the wheel only apply 
themfelves to the detents without rubbing. There is 
no drop, and the fcapement makes no noife, and is 
what the artifls call a filent fcapement. The mechani- 
cian will readily perceive, that by properly difpoling 
the arms AB, AE, and difpofing the pallets on the 
circumference of the wheel, the law, by whicli the ac- 
tion of the wheel on the pendulum is regulated, may 
be greatly varied, fo as to harmonize, as far as the na- 
ture of fcapement, alternately pufhing and pulling, will 
admit, with the aftion of gravity. 

But this is evidently a recoiling fcapement, and one of 
the worfl kind ; for the recoil is made at the very confines 
of the vibration, where every diflurbance of the regular 
cycloidal vibration occaiions the greatefl disturbance to 
the motion. Yet this clock kept time with mofl un- 
exampled precifion, far excelling all that had been made 
before, and equal to any that have been made, fince. 
This is entirely owing to the immenfe fuperiority of the 
momentum of the pendulum over the maintaining power. 
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(c) The reader may here remark the manner in which the preffure of the tooth G on the detent is transferred 
to the joint E by the intervention of the fhank FE, and from the joint E to the pendulum rod, by the interven- 
tion of the arm EA. This communication of preffure is precifely the fame that we made ufe of in explaining 
the common feapement. MG, FE, and EA, in this fig. io. are performing the offices which we then gave to 
the lines MB, B f, and HA, in fig. 3. Harrrifon’s pallet realifes the abftraft theory. 

(d) Mr Harrifon was at firfl by profeflion a carpenter in a country place. Being extremely ingenious and 
inventive, he had made a variety of enrious wooden clocks. He made one, in particular, for a turret in a gen- 
tleman’s houfe. Its expofure made it wafle oil very faff, and the maker was often obliged to walk two or three 
miles to renew it, and got nothing for his trouble. In trudging home, not in very good humour, he pondered 
with himfelf how to make a clock go without oil. He changed all his pinion leaves into rollers ; which as- 
fwered very well But the pallets required it more than any other part. After various other projeds, he con- 
trived thofe now reprefented, where there was no fri&ion, and no oil is wanted. 1 he turret clock continued to 
go without being touched till Mr Harrifon left the country. 
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II. Of Scapements for a I Fateh. 

The execution of a proper fcapement or watches is 
a far more delicate and difficult problem than the fore- 
going, on account of fhe ftnall lize, which requires 
much more accurate workrnanfhip, becaufe the error of 
the hundredth part of an inch has as great a proportion 
to the dimenfions of the regulator as an inch in a com- 
mon houfe clock.. It is much more difficult on another 
account. We nave no fuch means of accumulating fuch 
a dominion (to ufe Mr Harrifon’s expreffive term) over 
the wheel-work in the regulator of a watch as in that 
of a clock. The heavkft balance that we can employ, 
without the certainty of fnrpping its pivots by every 
flight jolt, is a mere trifle, in comparifon with the pen- 
dulum of the mod ordinary clock. A dozen or twenty 
grains is the utmoft weight of the balance, even of a very 
large pocket watch. The only way that wc can accu- 
mulate any notable quantity of regulating power in 
inch a fmall pittance of matter is by giving it a very 
great velocity. This we do by accumulating all its 
weight in the rim, by giving it very wide vibrations, 
and by making them extremely frequent. The balance- 
rim of a middling good watch fhould pafs through at 
lead ten inches in every fecond. Now, when we re- 
Heft on the fmall momentum of this regulator, the 
inevitable inequalities of the maintaining power, and 
the great arch of vibration on which thefe inequalities 
will operate, and the comparative magnitude even of an 
almoll inienflble friftion or clamminefs, it appears al- 
moH chimerical to expeft any thing neat to equability 
in the vibrations, and incredible that a watch can be 
made which will not vary more than one beat in 8640b. 
Yet fuch have been made. They mud be confidered as 
the moil maderly exertions of human art. The per- 
formance of a reflecting telefcope is a great wonder : 
the word that can find a market mud have its mirrors 
executed without an error of the ten-thoufandth part 
of an inch ; but we now know that this accuracy is at- 
tained almod in fpite of us, and that we fcarcely can 
make them of a v/orle figure. But the cafe is far other- 
wise in watch work. Here all thofe wonderful ap- 
proaches to perfection are the refults of rational dif- 
enffion, by means of found principles of fcience ; and, 
unlefs the artift who puts thefc principles into practice 
be more than a mere copyid, unlefs the principles them- 
fdves are pe’ceived by him, and actually diretf his 
hand, the watch may dill be good for nothing. Sure- 
ly, then, this is a liberal art, and far above a manual 
knack. The dudy of the means by which fuch won- 
ders are fteadily efleCted, is therefore the ftudy of a 
gentleman. 

In the account given above cf the fcapements for 
pendulums, we aflumed as one leading principle that 
the natural vibrations of a pendulum are performed in 
equal timesy whether wide or narrow. This is fo nearly 
true, when the arches on each fide of the perpendicular 
do not exceed four degrees, that the retardation of the 
wider arches within that limit will not become fenfible, 
though accumulated for a long time. The common 
feapejuent v/ith a plane face of the pallet, helps to cor- 
retl even this fmall inequality much better than the 
niced form of the cycloidal cheeks propofed by Huy- 
gheps. 

In watch-work we aflume a fimilar principle, namely, 

79+ ] WAT 
that the ofcillations of a balance., urged by its fpring, and 
undijlurbed by all foreign forces, are performed in equal 
times, whether they be wide or narrow. This principle 
was affumed by the celebrated mechanician Dr Robert 
Hooke, on the authority of many experiments which 
he had made on the bending and unbending of fprings. 
He found that the force neceffary for retaining a fpring 
in any condrained pofition was proportional to its ten- 
don, or deflection from its natural form. He expreded 
this in An anagram, which he publifhed about the year 
1660, in order to edabliffi his claim to the difeovery, 
and yet conceal it, till he had made fome important ap- 
plication of it. When the anagram was explained fome 
years afterwards, it was, “ Ut tenJio,Jic vis.” Dr Hooke 
thought of applying this difeovery to the regulation of 
watch movements. For, if a (lender fpring be properly 
applied to the axis of a watch balance, it will put that, 
balance in a certain determinate pofition. If the ba- 
lance be turned afide from this pofition, it feems to fol- 
low that it will be urged back toward it by a force pro- 
portional to its didance from it. He immediately made 
the application to an old watch, which he afterward 
gave to Dr Wilkins, Bifhop of Cheder. This was in 
1658. Its motion was fo amazingly improved, that 
Hooke was perfuaded of the perfection of his principle, 
and thought that nothing was now wanting for making 
a watch of this kind a perfeft chronometer blit the hand 
of a good workman. For his watch feemed almod per- 
feft, though made in a fmall country town, in a very 
coarfe manner. Mr Huyghens alfo claims this difeovery. 
He publifhed.his claim about the year 1675, an<^ Pro" 
pofed to make watches for difeovermg the longitude of 
a Chip at fea. But there is the mod unquedionable 
evidence of Dr Hooke’s priority by fifteen years, and 
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of bis having made feveral watches of this kind, 
of them was in the pofleffion of his majedy king 
Charles II. Dr Hooke’s firft balance fpring was 
ftraight, and adted on the balance in a very imperfeCt 
manner. But he foon faw the imperfe&ions, and made 
feveral fucceffive alterations ; and, among others, he em- 
ployed the cylindrical fpiral now employed, by Mr Ar- 
nold ; but he gave it up for the flat fpiral: and the 
king’s watch had one of this kind before Mr Huyghens 
poblifhed his invention. His prcjedl of longitude 
watches had been carried on along with Lord Brouncker 
and Sir Robert Moray, and they had quarrelled fome 
years before that publication. See Watch, Encycl. 

But both Dr Hooke and Mr Huyghens were too 
fanguine in their expectations. We, by no means, have 
the evidence for the truth of this principle that we have 
for the accelerating aCtion of the gravity on a pendulum. 
It reds on the nicety and the propriety of the experi- 
ments; and long exuerience has (hewn that it is fenfibly 
true only within certain limits. The detnonftration* 
by which Bernoulli fupports the unqualified principle 
of Mr Huyghens, proceed on hypothetical dodtrines 
concerning the nature of eladicicy. And even thefe 
fhew that the law of eladicity which he affumed was 
felefted, not becaufe founded on fimpler principles than 
any other, but becaufe it was confident with the expe- 
riments of Hooke and Huyghens. Jiefides, although 
this fhould be the true law of a fpring, it does not fol- 
low that this fpring, applied in any way to the axis of 
a balance, will urge that balance agreeably to the fame 
law ; and if it did, it Hill does not follow that the ofcilla- 
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Watch- tions of the balance will be ifochronous; for the force 
work. jiag move not only the balance but alfo the fpring. 

v Part of the reftorlng force of the fpring is employed in 
reftoring it rapidly to its qniefcent (hape, and thus ena- 
bling it to follow and jlill impel the yielding balance. It is 
therefore only the furplus which is employed in actually 
moving the balance, and it is uncertain whether this 
furplus varies according to the fame law, being always 
the fame proportion of the whole force of the fpring. 
We find it an extremely difficult problem to determine 
the law of variation of this furplus, even in the fimpleil 
form of the fpring ; nay, it is by no means an eafy pro- 
blem to determine the law of ofcillation of a fpring, un- 
loaded with any balance ; and we can eafily fhew that 
there are fuch forms of a fpring, that although the ve- 
locity with which the different parts approach to their 
quiefcent pofition be exactly as their excurfion from it, 
this is by no means the law of velocity which this fpring 
will produce in a balance. The matter of faft is, that 
when the fpring is a fimple flraight fleel wire, fufpend- 
ing the balance in the direction of its axis, the motions 
of it, if not immoderate, are precifely agreeable to 
Huyghens’s and Hooke’s rule ; and that the motion of 
a balance urged by a fpring wound up into a flat, or a 
cylindrical fpiral, as in common watches, and thofe of 
Arnold, deviates fenfibly from it, unlefc a certain ana- 
logy be preferved between the length and the elaftic:ty 
of the fpring. If the fpring be immoderately long, the 
wide vibrations are flower than the narrow ones ; and 
the contrary is obferved when the fpring is immoderate- 
ly flrort. A certain taper, or gradual diminution of the 
fpring, is alfo found to have an effe& in equalizing the 
wide and narrow vibrations. There is alfo a great dif- 
ference between the force with which a part of the 

■fpring unbends itfelf, and the a&ion of that force in 
urging the balance round its axis ; and the perf ormance 
•of many watches, good in other refpedfs, is often faulty 
from the manner in which this unbending force is em- 
ployed. 

But, fince thefe corrections are in our power in a 
confiderable degree, we may fuppofe them applied, and 
the true motion (which we fhall call the cycloidal) at- 
tained ; and we may then adapt the conftruftion of the 
fcapement to the preferving this motion undifturbed. 
And here we muff fee at once that the problem is in- 
comparably more delicate than in the cafe of pendulums. 
The vibrations mufl be very wide, and the angular mo- 
tion rapid, that it may be little affeCted by.external mo- 
tions. The fmallefl inequalities of maintaining power 
s&ing through fo great a fpace, mufl bear a confider- 
able proportion to the very minute momentum of a 
watch balance. Oil is as clammy on the pallets of a 
watch as on thofe of a clock ; a viicidity which would 
never be felt by a pendulum of 20 pounds weight will 
flop a balance of 20 grains altogether. For the fame 
reafon, it is evident that any impropriety in the form 
of the pallet mufl be incomparably more pernicious than 
in the cafe of a pendulum ; the deviation which this 
may occafion from a force proportional to the angular 
diflance from the middle point, mufl bear a great pro- 
portion to the whole force. 

The common recoiling fcapement of the old clocks 
ftill holds its place in the ordinary pocket watches, and 
anfwers all the common purpofes of a watch very well. 
A well finifhed watch, with a recoiling fcapement, 

will keep time within a minute in the day. This is Watch' 
enough for the ordinary affairs of life. But fuch 'wori^ 
watches are fubjedl to great variation in their rate of 
going, by any change in the power of the wheels. This 
is evident ; for if the watch be held back, or prefled 
forward, by the key applied to the fufee fquare, we 
hear the beating greatly retarded or accelerated. The 
maintaining power, in the befl of fuch watches, is never 
lefs than one fifth of the regulating power of the fpring. 
For, if we take off the balance fpring, and allow the 
balance to vibrate by the impulfe of the wheels alone, 
we fhall find the minute hand to go forward from 25 
to 30 minutes per hour. Suppofe it 30. Then, fince 
the wheels a£l through equal Ipaces with or without a 
fpring, the forces are as the fquares of the acquired ve- 
locities. (Dynamics, n° 95.) The velocity in 
this cafe is double ; therefore the accelerating force is 
quadruple, and the force of the fpring is three times 
that of the wheels. If the hand goes forward 25 mi- 
nutes, the force of the wheels is about one-fifth of that 
of the fpring. This great proportion is neceflary, as 
already obferved, that the watch may go as loon as un- 
flopped. 

We have but little to fay on this fcapement ; its prin- 
ciple and manner of adlion, and its good and bad quali- 
ties, being the fame with thofe of the fimilar fcapement 
for pendulums. It is evident that the maintaining 
power being applied in the mofl diretl manner, and du- 
ring the whole of the vibration, it will have the greateil 
poffible influence to move the balance. A given main- 
fpring and train will keep in motion a heavier balance 
by means of this fcapement than by any other. But, 
on the other hand, and for the fame reafon, the balance 
has lefs dominion over the wheel-work, and its vibra- 
tions are more affected by any irregularities of the wheel- 
work. Moreover, the chief adtion of the wheel being 
at the very extremities of the vibrations, and being very- 
abrupt, the variations in its force are mofl hurtful to 
the ifochronifm of the vibrations. 

Although this fcapement is extremely fimple, it is 
fufceptible of more degrees of goodnefs or imperfedliou 
than almofl any other, by the variation of the few»par- 
ticulars of its conllrutfion. We fhall therefore briefly 
deferibe that conflrudlion which long experience has 
fandlioned as approaching near to the befl performance 
that can be obtained from the commofi fcapement. 
Fig. 11. reprefents it in what are thought its befl pro- 
portions, as it appears when looking flraight down on 
the end of the balance arbor. C is the centre of the 
balance and verge. CA and CB are the two pallets; 
CA being the upper pallet, or the one next to the ba- 
lance, and CB being the lower one. 1‘ and D are two 
teeth of the crown wheel, moving from left to right; 
and E, G, are two teeth on the lower part of the cir- 
cumference, moving from right to left. The tooth D 
is reprefented as jufl efcaped from the point of CA, 
and the lower tooth E as juft come in contadl with the 
lower pallet. The fcapement fhould not, however, be 
quite fo clofe, becaufe an inequality on the teeth 
might prevent D from efcaping at all. For if E touch 
the pallet CB before D has quitted CA, all will ftaud 
ftill. This fault will be corrected by withdrawing the 
wheel a little from the verge, or by fhortening the pallets. 

The proportions are as follow. The diftance be- 
tween the front of the teeth (that is, of G,F, E,D,) and 
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Watch- the axis C of the balance is one-fifth of FA, the di- 
•work. ftance betvveen the points of the teeth. The length 

CA, CB of the pallets is three-fifths of the fame di- 
ftance. The pallets make an angle ACB of 95 de- 
grees, and the front DH or FK of the teeth make an 
angle of 250 with the axis of the crown wheel. The 
Hoping fide of the tooth mult be of anepicycloidal form, 
luited to the relative motion of the tooth and pallet. 

From thefe proportions it appears that the pallet A 
can throw out, by the action of the tooth D, till it 
reaches a, 120 degrees from CL, the line of the crown- 
wheel axis. For it can throw out till the pallet B 
flrike againll the front of E, which is inclined 250 to 
CL. To this add BCA, =r 95J, and we have LC a 
=r j 20. In like manner B will throw out as far on 
the other fide. From 240°, the fum of thefe angles, 
take the angle of the pallets 950, and there remains 
145° for the greateft vibration which the balance can 
make without linking the front of the teeth. This ex- 
tent of vibration fuppofes the teeth to terminate in 
points, and the atling furfaees of the pallets tobe planes 
diredled to the very axis of the verge. But the points 
of the teeth mull be rounded olF a little for llrength, 
and to diminilh fri&ion on the face of the pallets. This 
diminilhes the angle of fcapement very confiderably, 
by Ihortening the teeth. Moreover, we mull by no 
means allow the point of the pallet to bank or llrike on 
the forefide of a tooth. This would greatly derange 
the vibration by the violence and abruptnefs of the 
check which the wheel would give to the pallet. This 
circumllance makes it improper to continue the vibra- 
tions much beyond the angle of fcapement. One-third 
of a circle, or 1 20°, is therefore reckoned a very proper 
vibration for a fcapement made in thefe proportions. 
The impulfe of the wheels, or the angle of fcapement, 
may be increafed by making the face of the pallets a 
little concave (preferving the fame angle at the centre). 
The vibration may alfo be widened by pulhing thewheel 
nearer to the verge. This would alfo diminilh the re- 
coil. Indeed this may be entirely removed by bringing 
the.front of the wheel up to C, and making the face of 
the’pallet not a radius, but parallel to a radius and be- 
hind it, i. e. by placing the pallet CA fo that its afting 
face may be where its back is juft now. In this cafe, the 
tooth D would drop on it at the centre, and lie there 
at reft, while the balance completes its vibration. But 
th is would make the banking (as the ftroke is called) 
on the teeth almoft unavoidable. In fhort, after vary- 
ing every circumftance in every pofiible manner, the 
heft makers have fettled on a fcapement very nearly 
fuch as we have defcribed. Precife rules can fcarcely 
be given ; becaufe the law by which the force adling 
on the pallets varies in its intenfity, deviates fo widely 
from the aftion of the balance fpring, efpecially near 
the limits of the excurfions. 

The difcoveries of Huyghens and Newton in rational 
mechanics engaged all tne mathematical philofophers of 
Europe inthefolutionof mechanical problems, about the 
end of the laft century. The vibrations of elaftic plates 
or wires, and their influence on watch balances, became 
familiar to every body. The great requifites for pro- 
ducing ifochronous vibrations were-well underftood, 
and the artifts were prompted by the fpeculatifts to at- 
tempt conftrudtions of fcapements proper for this puv- 
pofe. It appeared clearly, that the moft effedual means 

for this purpofe was to leave the balance unconnected Watef*. 
with the wheels, efpecially near the extremities of the Work- 
vibration, where the motion is languid, and where every "r'T 

inequality of maintaining power muft adt for a longer 
time, and therefore have a great effect on the whole du- 
ration of the vibrations. The maxim of conftruftion 
that naturally arifes from thefe reflections is to confine., 
if pofiible, the aftion of the wheels to the middle of the ‘vi- 
bration, where the motfon is rapid, and where the chief 
effedt of an increafe or diminution of the maintaining 
power will be to enlarge or contraCt the angular mo- 
tions, but will make little change on their duration ; 
becaufe the greateft part of the motion will be effeCted 
by the balance fpring alone. This maxim was inculca- 
ted in exprefs terms by John Bernoulli, in his Re- 
cherches Mechaniques et Phyfques ; but it had been fug- 
gefted by common fenfe to feveral unlettered artifts be- 
fore that time. About the beginning of this century 
watches were made in London, where the verge had a 
portion e d b (fig. 12.) of a fmall cylinder, having its 
centre c in the axis, and a radial pallet b a proceeding 
from it. Suppofe a tooth juft efcaped from the point 
of the pallet, moving in the direClion b d e, the cylin- 
drical part was fo fituated that the next tooth dropped 
on it at a fmall diftance from its termination. While 
the verge continues turning in the direClion b d e, the 
tooth continues refling on the cylinder, and the balance 
fuftains no aflion from the wheels, and has only to over- 
come the minute frictions on the polifhed furface of a 
hard fteel cylinder. This motion may perhaps continue 
till the pallet acquires the pofition f, almoft touching 
the tooth. It then flops, its motion being extinguifhed 
by the increafing force of the fpring. It now returns, 
moving in the direClion e d b; and when the pallet has 
acquired the pofition c i, the toothy quits the circum- 
ference of the cylinder, and drops in on the pallet at 
the very centre. The crooked form of the tooth allows 
the pallet to proceed ftill farther, before there is any 
danger of banking on the tooth. This vibration being 
alfo ended, the balance refumes its firft direction, and 
the tooth now aCts on the face of the pallet, and re- 
ftores to the balance all the motion which it had loft by 
fridion, See. during the two preceding vibrations. 

It is evident that this conilruCtion obviates all the 
objections to the former recoiling fcapement, and that, 
by fufficiently diminifhing the diameter of the cylindri- 
cal part, the friCtion may be reduced to a very fmall 
quantity, and the balance be made to move by the ac- 
tion of the fpring during the whole of the excurfion, 
and of the returning vibration. Yet this conftruCtion 
does not feem to hate come much into ufe, owing, in 
all probability, to the great difficulty of making the 
drop fo accurate in all the teeth. The fmalleft inequa- 
lity in the length of a tooth would occafion it to drop 
fooner or later ; and if the cylinder was made very fmall, 
to diminifh friCtion, the formation of the notch was al- 
moft a microfcopical operation, and the fmalleft fhake 
in the axis of the verge or the balance-wheel would 
make the tooth flip pall the cylinder, and the watch 
run down amain. 

About the fame time, a French artift in London 
(then the fchool of this art) formed another fcapement, 
with the fame views. We have not any dillinCt account 
of it, but are only informed (in the yth volume of the 
Machines approuvees par VAcad, des Sciences) that the 

tooth 
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Watch- tooth reded on the furface of a hollow cylinder, and 
work. tjien efcaped by afting on the inclined edge of it. But 

1 \ve may prefume that it had merit, being there told that 
Sir Ifaac Newton wore a watch of this kind. 

A much fuperior fcapement, on the fame principle, 
was invented by Mr Geo. Graham, at the fame time 
that he changed the recoiling fcapement for pendulums 
into the dead beat. Indeed it is the fame fcapement, 
accommodated to the large vibrations of a balance. In 
fig. i 3. PE reprefents part of the rim of the balance-' 
wheel. A and C are two of its teeth, having their faces 
b e formed into planes, inclined to the circumference of 
the wheel, in an angle of about 15 degrees; fo that the 
length b e oi the face is nearly quadruple of its height 
e m. Suppofe a circular arch ABC defcribed round 
the centre of the wheel, and through the middle of the 
faces of the teeth. The axis of the balance pafies thro’ 
fome point B of this arch, and we may fay that the 
mean circumference of the teeth palfes through the 
centre of the verge. On this axis is fixed a portion of 
a thin hollow; cylinder b c d, made of hard tempered 
Heel, or of fome hard juid tough Hone, fuch as ruby or 
fapphire. Agates, though very hard, are brittle. Chal- 
cedony and cornelian are tough, but inferior in hard- 
nefs. This cylinder is fo placed on the verge, tjiat when 
the balance is in its quiefcent pofition, the two edges b 
and ^are in the circumference which pafies through the 
points of the teeth. By this conllru&iun the portion 
of the cylinder will occupy 210° of the circumference, 
or 30° more than a femicircle. The edge b, to which 
the tooth approaches from without, is rounded olf on 
both angles. The other edge d is formed into a plane, 
inclined to the radius about 30°. 

Now, fuppofe the wheel preffed forward in the direc- 
tioa AC. The point b of the t,ooth, touching the 
rounded edge, wull pufh it outwards, turning the ba- 
lance round in the direction bed. The heel e of the 
tooth will efcape from this edge urhen it is in the pofi- 
tion /■>, and e is in the pofition f. The point b of the 
tooth is now at d, but the edge of the cylinder has now 
got to i. The tooth, therefore, refts on the infide of 
the cylinder, while the balance continues its vibration a 
little way, in confequence of the (hove which it has re- 
ceived from the action of the inclined plane pufhing it 
out of the way, as the mould board of a plough fhoves 
a Hone aiide. When this vibration is ended, by the op- 
pofition of the balance-fpring, the balance returns, the 
tooth (now in the pofition B) rubbing all the while on 
the infide of the cylinder. The balance comes back in- 
to its natural pofition bed, with an accelerated motion, 
by the aftion of its fpring, and would, of itfelf, vibrate 
as far, at leaH, on the other fide. But it is aided again 
by the tooth, which, prefling on the edge d, pufhes it 
afide, till it come into the pofition i, when the tooth 
efcapes from the cylinder altogether. At this moment 
the other edge of the cylinder is in the pofition /, and 
therefore is in the way of the next tooth, now in the 
pofition A. The balance continues its vibration, the 
tooth all the while refling, and rubbing on the outfide 
cf the cylinder. When this vibration, in the direction 
d cb,is finilhed, the balance refumes its firfl motion bed, 
by the a6lion of the fpring, and the tooth begins to 
ad on the firfl edge b, as foon as the balance gets into 
its natural pofition, fhoves it afide, efcapes from it, and 
drops on the infide of the cylinder. In this manner are 

the vibrations produced, gradually increafed to their ’Watch- 
maximum, and maintained in that {late. Every fuc-, work‘ 
ceeding tooth of the wheel ads firft on the edge b, and W’’V ^ 
then on the edge d; refling firft on the outfide, and 
then on the infide of the cylinder. The balance is un- 
der the influence of the wheels while the edge b pafles 
to b, and while dpafles to k ; and the reft of the vibra- 
tion is performed without any a8ion on the part of the 
wheels, but is a little obftruded by fridion, and by the 
clamminefs of the oil. In the conftrudion now defcri- 
bed, the arch of adion or fcapement is evidently 30°, 
being twice the angle which the face of a tooth makes 
with the circumference. 

The reader will perceive, that when this fcapement 
is executed in fuch a manner that the fucceeding tooth 
is in contad with the cylinder at the inftant that the 
preceding one efcapes from it, the face of the tooth 
muft be equal to the infide diameter of the cylinder, and 
that the diftance between the heel of one tooth and 
the point of the following one muft be equal to the out- 
fide diameter. When the fcapement is fo clofe there 
is no drop. A good artift approaches as near to this 
adjuftment as pofiible ; becaufe, while a tooth is drop- 
ping, but not yet in contad, it is not ading on the ba- 
lance, and fome force is loft. The execution is account- 
ed very good, if the diilance between the centres of two 
teeth is twice the external diameter of the cylinder. 
This allows a drop equal to the thicknefs of the cylin- 
der, which is about Asth of its diameter. 

We muft alfo explain how this cylinder is fo conneded 
with the verge as to make fuch a great revolution round 
the tooth of the wheel. The triangular tooth e b m is 
placed on the top of a little pillar or pin fixed into the 
extremity of the piece of brafs m D formed on the rim 
of the wheel. Thus the wedge-tooth has its plane paral- 
lel to the plane of the wheel, but at a fmall diftance a- 
bove it. Fig. B reprefents the verge, a long hollow 
cylinder of hard fteel. A great portion of the metal is 
cut out. If it were fpread out flat, it would have the 
fliape of fig. C. Suppofe this rolled up till the edges 
GH and G'H' are joined, and we have the exad form. 
The part aded on by the point of the tooth is the dot- 
ted line b d. The part DIFE' ferves to conned the 
two ends. Thus it appears to be a very (lender and 
delicate piece ; but being of tempered fteel, it is ftrong 
enough to refill moderate jolts. The ruby cylinders 
are much more delicate. 

Such is the cylinder fcapement of Mr Graham, called 
alfo the horizontal scapement, becaufe the balance 
wheel is parallel to the others. Let us fee how far it 
may be expeded to anfwer the intended purpofes. If 
the excurfions of the balance beyond the angle of im- 
pulfion were made altogether unconneded with the 
wheels, the 'whole 'vibration would be quicker than one 
of the fame extent, made by the adion of the balance- 
fpring alone, becaufe the middle part of it is accelerated 
by the wheels. But the excurfions are obftruded by 
fridion and the clamminess of oil. The effed of this 
in objlrufting the motion is very confiderable. Mr Le 
Roy placed the balance fo, that it reftedwhen the point 
of the tooth was on the middle of the cylindric furface. 
When the wheel was allowed to prefs on it, and it was • 
drawn 8o° from this pofition, it vibrated only during 
4I- feconds. When the wheel was not allowed to touch 
the cylinder, it vibrated 90 feconds, or 20 times as - 
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long ; fo much did the fri&ion on the cylinder exceed 
that of the pivots. We are not fufficiently acquainted 
with the laws of either of thefe obftru&ions to pro- 
nounce decidedly whether they will increafe or dimioifh 
the time of the whole vibrations. We obferve diftimft- 
ly, in motions with confiderable fri&ion, that it does 
nat increafe nearly fo faft as the velocity of the motion ; 
nay, it is often lefs when the velocity is very great. In 
all cafes it is obferved to terminate motions abruptly. 
The friction requires a certain force to overcome it, and 
if the body has any lefs it will Hop. Now this will 
not only contraft the excurfion of the balance, but 
will fliorten the time. But the return to the angle of 
impulfion will undoubtedly be of longer duration than 
the excurfion ; for the arch of return, from the-extre- 
mity of the excurfion to its beginning, where the angle 
of impuliron ends, is the fame with the arch of excur- 
fion. The velocity which the balance has in any point 
of the return is lefs than what it had in the fame point 
of the excurfion ; hecaufe, in the excurfion, it had ve- 
locity enough to carry it to the extremity, and alfo to 
overcome the fri&ion. In the return, it could, even 
without fridlion, only have the velocity which would 
have carried it to the extremity ; and this fmaller velo- 
city is diminidied by fri&ion during the return. The 
velocity being lefs through the'whole return than du- 
ring the excurfion, the time muft be greater. It may 
therefore happen that this retardation of the return may 
compenfate the contraftion of the excurfion and the di- 
minution of its duration. In this cafe the vibration 
will occupy the fame time as if the balance had been 
free from the wheels. But it may more than compen- 
sate, and the vibrations will then be flower; or it may 
not fully compenfate, and they will be quicker. We 
cannot therefore fay, a priori, which of the two will 
happen : but we may venture to fay that an increafe 
of the force of the wheels will make the watch go 
flower : for this will exert a greater preffure, give a 
greater impulfion, produce a wider excurfion, and in- 
creafe the friftion during that greater excurfion, ma- 
king the wide vibrations flower than the narrow ones; 
becaufe the angle of impulfion remaining the fame, the 
preffures exerted muft be quadrupled, in order to double 
the excurfion (SeeDvNAMics, ^95. %>/>/.), and there- 
fore the fnftion will be mcreafed in a greater propor- 
tion than the momentum which is to overcome it. But, 
with refpedt to the obltruflion arifing from the vifcidi- 
ty of the oil, we know that it follows a very different 
law. It bears a manifeft relation to the velocity, and 
is nearly proportional to it. But ftill it is difficult to 
fay how this will affedl the whole vibration. The du- 
ration of the excurfion will not be fo much contracted 
as by an equal obftruaion from friction, becaufe it will 
not terminate the motion abruptly* There are there- 
fore more chances of the increafed duration of the re- 
turn exceeding the diminution of it in the excurfion. 
All that we can fay, therefore, is, that there will be a 
compenfation in botli cafes. The time of excurfion will 
be contracted, and that of return augmented. 

Now’ as the friCtion may be greatly diminiffied by 
tine polifli, fine oil, and a imall diameter of the cylin- 
uer, we may reafonably exped that the vibrations of 
inch a balance will not vary nearly fo much from ifo- 
chronifm as with a recoiling fcapement, and will be 
iutle aftected by changes in the force of the wheels. 
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Accordingly, Graham’s cylindrical fcapement fupplant- 
ed all others as foon as it was generally known. We 
cannot compare the vibrations with thofe of a free ba- 
lance, becaufe we have no way of making a free balance 
vibrate for fome hours. But we find that doubling or 
trebling the force of the wheels makes very little alter- 
ation in the rate of the v/atch, though it greatly en- 
larges the angular motion. Any one may perceive the 
immenfe fuperiority of this fcapement over the common 
recoiling fcapement, by preffing forward the movement 
of a horizontal watch with the key, or by keeping it 
back. No great change can be obferved in the fre- 
quency of the beats, however hard we prefs. But a 
more careful examination (hews that an increafe of the 
power of the wheels generally caufes the watch to go 
flower ; and that this is more remarkable as the watch 
has been long going without being cleaned. This (hews 
that the caufe is to be afcribed to the fruftion and oil 
operating on the wide arches of excurfion. But when 
this fcapement is well executed, in the heft proportions 
of the parts, the performance is extremely good. We 
know fuch watches, which have continued for feveral 
weeks without ever varying more than 7' in one day 
from equable motion. We have feen one whofe cylin- 
der was not concentric with the balance, but fo placed 
on the verge that the axis of the verge was at 0 (fig, 
13.), between the centre B of the cylinder and tire en- 
tering edge b, and Be was equal to the thicknefs of the 
cylinder. The watch was made by- Emery of London, 
and was faid to go with aftonifhing regularity, fo as to 
equal any time-piece while the temperature of the air 
did not vary ; and when clean, was faid to be lefs affect- 
ed by the temperature than a watch with a free fcape- 
ment, but unprovided with a compenfation piece. It is 
evident that this watch muft have a minute recoil. This 
was faid to be the aim of the artift, in order to com- 
penfate for the obftruftion caufed by friftion during the 
return of the balance from its excurfions. It indeed 
promifes to have this effeft ; but we ffiould fear that it 
fubje&s the excurfions to the influence of the wheels. 
We fufpeft that the indifferent performance of cylinder 
watches may often arife from the cylinder being off the 
centre in fome difadvantageous manner. 

The watch from which the proportions here ftatedy 
were taken, is a very fine one made by Graham for Ar- 
chibald Duke of Argyle, which has kept time with the 
regularity now mentioned. We believe that there are 
but few watches which have fo large a portion of the 
cylinder : few indeed have more than one half, or 180° , 
of the circumference. But this is too little. The tooth 
of the wheel does not begin to aft on the refting cylin- 
der till its middle point A or B touch one of the edges. 
To obtain the fame angle of fcapement, the inclination 
of the face of the tooth mult be increafed (it muft be 
doubled) ; and this requires the maintaining power to 
be increafed in the lame proportion. Befides, in fuch 
a fcapement it may happen that the tooth will never 
reft on the cylinder ; becaufe the inftant that it quits 
one edge it falls on the other, and puffies it afide, fo 
that the balance acquires no wider vibration thai\ the 
angle of fcapement, and is continually under the influ- 
ence of the wheels. The feapetfient is in its beft ftate 
when the portion ef the cylinder exceeds 180° by twice 
the inclination of the teeth to the circumference of the 
wheel. 

Watch- 
work. 
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V/atch- Tt would employ volumes to dtfcrlbe all the fcape- 

ments which have been contrived by different artifts, 
J aiming at the fame points which Graham had in view. 

We fhall only take notice of fuch as have fome efTential 
difference in principle. 

Fig. 14. reprefents a fcapement invented in France, 
and called the Echappement a Virgvle, becaufe the pal- 
let refembles a comma. The teeth A, 13, C, of the 
balance wheel are fet very oblique to the radius, and 
there is formed on the point of each a pin, ftanding up 
perpendicular to the plane of the wheel. This greatly 
refembles the wheel of Graham’s fcapement, when the 
triangular wedge is cut off from the top of the pin on 
which it Hands. The axis c of the verge is placed in 
the circumference palling through the pins. The pal- 
let is a plate of hard Heel a ef db> having its plane pa- 
rallel to the plane of the wheel. The inner edge of 
this plate is formed into a concave cylindrical furface 
between 0 and whofe axis c coincides with the axis 
of the verge. Adjoining to this is the ailing face b d 
of the pallet. This is either a Hraight line b d, making 
an angle of nearly 30° with a liner b g drawn from the 
centre, or it is more generally curved, according to the 
noHrum of the artifl. The back of the pallet aefh 
alfo a cylindrical furface (convex) concentric with the 
other. This extends about too0 from a to f The 
part between f and d may have any fhape. The inter- 
val a 0 is formed into a convex furface, in fuch a man- 
ner as to be everywhere interfered by the radius in an 
angle of 30° nearly ; i. e. it is a portion of an equian- 
gular fpiral. The w'hole of this is connected with the 
verge by a crank, which pafies perpendicularly through 
it between f and e; and the plate is fet at fuch height 
on the crank or verge, that it can turn round clear of 
the wheel, hut not clear of the pins. The teeth of the 
wheel are fet fo obliquely, and made fo flender, that the 
verge may turn almoit quite round without the crank’s 
banking on the teeth. The part ydby called the horn, 
is of fnch a length, that when one pin 13 reds on the 
outfide cylinder at a, the point d is jull clear of the 
next pin A. 

When the w'heel is not a6ling, and the balance-fpving 
is in equilibrio, the pofition of the balance is fuch that 
the point d of the horn is near /, about 30° from d. 
The figure reprefents it in the pofition which it has 
when the tooth A has jull efcaped from the point d of 
the horn. In this pofition the next tooth B is applied 
to the convex cylinder, a very little way (about 50) 
from its extremity a. This defeription will enable the 
reader to underfiand the operation of the virgule fcape- 
ment. 

Now fuppofe the pin A juH efcaped from the horn. 
The fucceeding pin B is now in contact with the back 
of the cylinder; and the balance, having got an impulfe 
by the action of A along the concave pallet b d, con- 
tinues its motion in the direction dg b, till its force is 
fpent, the point of the horn arriving perhaps at h, more 
than 90° from d. All this while the following tooth 
B is refiing on the back e f of the cylinder. 1 he ba- 
lance now returns, by the action of its fpring ; and when 
the horn is at i, the pin gets over the edge a 0, and drops 
on the oppofite iide of the concave cylinder, where it 
refis, while the horn moves from * to i, where it Hops, 
the force of the balance being again fpent. The ba- 
lance then returns; and when the horn comes within 

30° of d, ihe pin gets out of the hollow cylinder, fhoves 
the horn out of its way, and efcapes at d. Befides the 
impulfe which the balance receives by the adlion of the 
wheel on the horn b d, there is another, though fmaller, 
a&ion in the contrary direftion, while the point of B 
pafies over the furface a 0 ; for this furface being in- 
clined to the radius, the preffure on it urges the balance 
round in the direction b d i. 

1 he chief difference of this fcapement from the for- 
mer is, that the inclined plane is taken from the teeth of 
the wheel, and placed on the verge. This alone is 
a conliderable improvement ; for it is difficult to ffiape 
all the teeth alike ; whereas the horn b d is invariable. 
Moreover, the refiing parts, although they be drawn 
large in this figure for the fake of difiinanefs, may be 
made vaftly fmaller than Graham’s cylinder, which 
mull be big enough to hold a tooth within it. By this 
change, the fri&ion, during the repofe of the wheel, 
that is, during the excurfions of the balance, may be 
vafily diminiffied. The infide cylinder need be no big- 
ger than to receive the pin. But although the per- 
formance of theft feapements is excellent, they have* 
not come into general ufe in this country. The 
eauie feems to be the great nicety requifite in making 
the pins of the wheel pafs exactly through the axis of 
the verge. The leaff (hake in the pivots of the balance 
and balance wheel muff greatly change the adtion. A 
very minute increafe of diffance between the pivots will 
caufe the pin B to Aide from the edge a to the horn, 
without reffing at all on the infide cylinder; and when 
it does fo, it will flop the balance at once, and, immediate- 
ly after, the watch will run down. The fame irregula- 
rities will happen if all the pins be not at precisely the 
fame diffance from the axis of the wheel. 

This fcapement was greatly improved, and, in ap- 
pearance, totally changed, by Mr Lepaute of Paris iff 
1753. By placing the pins alternately on the two fidcs 
of the rim of the balance wheel, he avoided the ufe of 
the outlide cylinder altogether. The fcapement is of 
fuch a lingular form, that it is not eafy to reprefent it 
by any drawing. We fhall endeavour, however, to de«- 
feribt it in fuch a manner as that our readers, who are 
not artiRs, will underffand its manner of aciing. Ar- 
tifis by profeffion will eafily comprehend how the parts 
may be united which we reprefent as feparate. 

Let ABC (fig. 15.) reprefent part of the rim of the* 
balance-wheel, having the pins 1, 2, 3, 4, &c. pro- 
jedling from its faces ; the pins 1, 3, 5, being on the 
fide next the eye, but the pins 2 and 4 on the farther 
fide. 1) is the centre of the balance and verge, and 
the fmall circle round D reprtfents its thicknefs. But 
the verge in this place is crooked, like a crank, that 
the rim of the wheel may not be interrupted by it. 
This will be more particularly deferibed by and bye. 
There is attached to it a piece of hard tempered Heel 
a b c d, of which the part a b c is a concave arch of a 
circle, having D for its centre. It wants about 30° of 
a femicircle. The reft of it c d is alfo an arch of a 
circle, having the fame radius with the balance-wheel. 
The natural pofition of the balance is fuch, that a line 
drawn from L), through the middle of the face c */, is a 
tangent to the circumference of the wheel. But, fup- 
pofe the balance turned round till the point d of the 
horn comes to d', and the point c comes to 2, in the 
circumference in which the pins are placed. Then the 
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Watch- pJn, preffing on the beginning of the horn or pallet, 
work, puftes it aiide, Hides along it, and efcapes at d, after 

having generated a certain velocity in the balance. So 
far this fcapement is like the virgule fcapement defcri- 

-bed already. But now let another pallet, fimilar to the 
one now defcribed, be placed on the other fide of the 
wheel, but in a contrary pofition, with the atting face 
of the pallet turned away from the centre of the wheel. 
Let it be fo placed at E, that the moment that the pin 
i, on the upper fide of the wheel, efcapes from the pal- 
let c d, the pin 4, on the under fide of the wheel, falls 
on the end of the circular arch efgof the other pallet. 
Let the two pallets be conne&ed by means of equal 
pulleys G and F on the axis of each, and a thread 
round both, fo that they fhall turn one way. The ba- 
lance on the axis D, having gotten an impulfe from 
the aftion of the pin 1, will continue its motion from 
A towards i, and will carry the other pallet with a fi- 
milar motion round the centre E from h towards h. 
The pin 4 will therefore red on the concave arch g f e 
as the pallet turns round. When the force of the ba- 
lance is fpent, the pallet r d returns towards its firft po- 
fition. The pallet g h turns along with it; and when 
the point of the firlt has arrived at d, the beginnings 
of the other arrives at the pin 4 ; and, proceeding a 
little farther, this pin efcapes from the concave arch 
efg, and Hides along the pallet ^ h, pufiiing it afide, 
and therefore urging the pallet round the centre E, and 
confequently (by means of the conne&ion of the pul- 
leys) urging the balance on the axis D round at the 
fame time, and in the fame direction. The pin 4 
efcapes from the pallet g h, when h arrives at 3 ; but in 
the time that the pin 4 was Hiding along the yielding 
pallet g the pin 3 is moving in the circumference 
BDA ; and the infiant that the pin 4 efcapes from b at 
3, the pin 3 arrives at 2, and finds the beginning c of 
the concave arch c b a ready to receive it. It therefore 
reds on this arch, while the balance continues its mo- 
tion. This perhaps continues till the point b of the 
arch comes to 2. The balance now dops, its force be- 
ing fpent, and then returns ; and the pin 3 efcapes from 
the circle at r, Hides along the yielding pallet c d, and 
when it efcapes at x, another pin on the under fide of 
the wheel arrives at 4, and finds the arch g/e ready to 
receive it. And in this manner will the vibration of 
the balance be continued. 

This defcription of the mode of aftion at the fame 
time points out the dimenfions which mud be given to 
the parts of the pallet. The length of the pallet c d 
or g b mud be equal to the interval between two fuc- 
ceeding pins, and the didance of the centres D and E 
mud be double of this. The radius De or E ^ may be 
as fmall as we pleafe. The concave arches c b a and 
g f e mud be continued far enough to keep a pin red- 
ing on them during the whole excurfion to the balance. 
The angle of fcapement, in which the balance is under 
the influence of the wheels, is had by drawing D c and 
D d. This angle c Y) d is about 30°, but may be made 
greater or lefs. 

Fig. B will give fome notion how the two pallets 
nay be combined on one verge. KL reprefents the 
verge with a pivot at each end It is bent into a crank 
MNO, to admit the balance wheel between its branches 
BC reprefents this wheel, fe-en edgewife, with its pins, 
alternately on different fide-s. The pallets are alfo re- 

prefented edgewife by b c d and h g f, fixed to the in- Watch* 
fide of the branches of the crank, fronting each other. • 
The pofition of their afting faces may be feen in the ,”" v 

preceding figure, on the verge D, where the pallet g b 
is reprefen ted by the dotted line 2 i, as being fituated 
behind the pallet r d. The remote pallet 2 i is placed fo, 
that when the point d of the near pallet is jud quitted 
by a pin 1 on the upper fide of the wheel, the angle 
formed by the face and the arch of red of the other 
pallet is jud ready to receive the next pin 2, wrhich 
lies on the under lide of the rim. A little attention 
will make it plain, that the aftion will be precifely the 
fame as when the pallets were on feparate axes. The 
pin x efcapes from d, and the pin 2 is received on the 
arch of red, and locks the wheel while the balance is 
continuing its motion. When it returns, 2 gets off the 
arch of reft, pufhes afide the pallet 2 i, efcapes from it 
when i gets to 1, and then the pin 3 finds the point c 
ready to receive it, &c. The vibrations may be increa- 
fed by giving a fufficient impulfe through the angle of 
fcapement. But they cannot be more than a certain 
quantity, otherwife the top N of the crank will drike 
the rim of the wheel. By placing the pins at the ve- 
ry edge of the wheel, the vibrations may eafily be in- 
creafed to a femicircle. By placing them at the points 
of long teeth, the crank may get in between them, and 
the vibrations extended dill farther, pei'haps to 240°. 

This fcapement is unquedionably a very good one ; 
and when equally well executed, fliould excel Graham’s 
both by having but two adfing faces to form (and thefe 
of hard deel or of done), and by allowing us to make 
the circle of red exceedingly fmall without diminifliing 
the a£ling face of the pallet. This wdll greatly dimi- 
niflx the fricfion and the influence of oil. But, on the 
other hand, we apprehend that it is of very difficult ex- 
ecution. The figure of the pallets, in a manner that 
flxall be fufceptible of adjudment and removal for repair, 
and yet fufficiently accurate and deady, feems to us a 
very delicate job. 

Mr Gumming, in his Elements of Clock and Watch- 
work, delcribes ((lightly) pallets of the very fame con- 
dru&ion, making what he conceives to be coniiderable 
improvements in the form of the acting faces and the 
curves ot red. Fie has alfo made fome watches with 
this fcapement; but they were fo difficult, that few 
workmen can be found fit for the talk; and they are 
exceedingly delicate, and apt to be put out of order. 
The coune&ion of the pallets with each other, and with 
the verge, makes the whole fuch a contorted figure, 
that it is eafily bent and twided by any jolt or unfkil- 
ful handling. 

There remains another fcapement of this kind, ha- 
ving the tooth of the balance-wheel reding on a cylin- 
drical furface on the axis of the verge during the ex- 
curfion, of the balance beyond the angle of fcapement, 
and which differs fomewhat in the application of the 
maintaining power from all thofe already defcribed. 

This is known by the name of Dup/eix’s Jcapement, 
and is as follows : Fig. 16. reprefents the tffential parts 
greatly magnified. AD is a portion of the balance- 
wheel, having teeth f, b,g, at the circumference, i hefe 
teeth are entirely tor producing the rejl of the wheel, 
while the balance is making excurlions beyond the 
Icapement. This is effebled by means of an agate cy- 
linder 0 p q, on the verge. This cylinder has a notch 

* v. 
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Witch- o. When the cylinder turns round in the direftion 
work. 0 p q, the notch eafily paffes the tooth B which is reft- 

ing on the cylindric furface ; but when it returns in the 
direction q p o, the tooth B gets into the notch, and 
follows it, prelling on one fide of it till the notch comes 
into the pofition o. The tooth being then in the po- 
ixtion b, efcapes from the notch, and another tooth 
drops on the convex furiace of the cylinder at B. 

The balance-wheel is alfo furnifhed with a fet of 
ftoufc flat-fided pins, Handing upright on its rim, as re- 
prefented by a, D. There is alfo fixed on the verge a 
larger cylinder GFC above the fmallerone o p y, with 
its under furface clear of the wheel, and having a pallet 
C, of ruby or fapphire, firmly indented into it, and pro- 
jefting fo far as juft to keep clear of the pins on the 
wheel. The pofition of this cylinder, with refpeft to 
the fmaller one below it, is fuch that, when the tooth 
b is efcaped from the notch, the pallet C has juft palled 
the pin a> which w’as at A while B retted on the fmall 

/ cylinder ; but it moved from A to ay while B moved to 
b. The wheel being now at liberty, the pin a exerts 
its prefture on the pallet C in the moft direct and ad- 
vantageous manner, and gives it a ftrong impuliion, 
following and accelerating it till another tooth ftops on 
the little cylinder. The angle of fcapement depends 
partly on the projedion of the pallet, and partly on the 
diameter of the fmall cylinder and the advance of the 
tooth B into the notch. Independent of the aclion 
on the fmall cylinder, the angle of fcapement would 
be the whole arch of the large cylinder between 
C and x. But a ftops before it is clear of the pallet, 
and the arch of impulfion is fhortened by all the fpace 
that is defcribed by the pin while a tooth moves from 
B to b. It ftops at ah 

We are informed by the beft artifts, that this fcape- 
ment gives great fatisfa&ion, and equals, if it do not 
excel, Graham’s cylindrical fcapement. It is ealier 
made, and requires very little oil ou the fmall cylinder, 
and none at all on the pallet. They fay that it is the 
beft for pocket watches, and is coming every day more 
into repute. Theory feems to accord with this cha- 
ra&er. The refting cylinder may be made very fmall, 

. and the direft impulfe on the pallet gives it a great fu- 
periority over all thofe already defcribed, where the ac- 
tion on the pallet is oblique, and therefore much force 
is loft by the influence of oil. But we fear that much 
force is loft by the tooth B fhifting its place, and thus 
fhortening the arch of impulfion ; for we cannot reckon 
much on the a&ion of B on the fide of the notch, be- 
caufe the lever is fo extremely fhort. Accordingly, all 
the wratches which we have feen of this kind have a ve- 
ry ftrong main fpring in proportion to the lize and vi- 
bration of the balance. If we leflen this diminution of 
the angle of impulfion, by leffening the cylinder 0/7, 
and by not allowing B to penetrate far into the notch, 
the fmalleft inequality of the teeth, or lhake in the pi- 
vots of the balance or wheel, will caufe irregularity, and 
even uncertainties in the locking and unlocking the 
wheel by this cylinder. 

Afcapement exceedingly like this wasappliedlong ago 
by Dutertre, a French artift, to a pendulum. The only 
difference is, that in the pendulum fcapement the fmall 
cylinder is cut through to the centre, half of it only 
being left ; but the pendulum fcapement gives a more 
tffettive employment of the maintainingpower, beeaufe 
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the wheel a£ls on the pallet during the ’whole of the af- Watch- 
fifted vibration. In a balance fcapement, if we attempt vvorK' 
to diminifli the inefficient motion of the pin from A to 
a, by leftening the diameter of the fmall cylinder, the 
hold given to the tooth in the notch will be fo trifling, 
that the tooth will be thrown out by the fmalleft play 
in the pivot holes, or inequality in the length of the 
teeth. 

With this we conclude our account of fcapements, 
where the a£tion of the maintaining power on the ba- 
lance is fufpended during the excurtion beyond the angle 
of impulfion, by making a tooth reft on the furfaee of 
a fmall concentric cylinder. In fuch fcapements, the 
balance, during its excurfions, is alrnoft free from any 
connection with the wheels, and its ifochronifm is di- 
fturbed by nothing but the fridlion on this furface.— 
We come now to fcapements of more artful conltruc- 
tion, in which the balance is really and completely free 
during the whole of its excurfion, being altogether dif- 
engaged from the wheelwork. Thefe are called de- 
tach ed scapemests. They are of more recent dace. 
We believe that Mr L,e Roi was the firft inventor of 
them, about the year 1748. In the Memoirs of the 
Academy of Paris for that year, and in the Collection 
of approved Machines and Inventions, we have defcrip- 
tions of the contrivance. Tire balance wheel refts on 
a detent, while the balance is vibrating in perfect free- 
dom. It has a pallet Handing out from the centre, 
which, in the courfe of vibration, pafies clofe by the 
point of a tooth of the wheel. At that inftant a pin, 
connected with this pallet, withdraws the detent from 
the wheel, and the tooth juft now mentioned follows the 
pallet with rapidity, and gives it a fmart pulh forward. 
Immediately after, another tooth of the wheel meets the 
other claw of the detent, and the wheel is again locked. 
When the balance returns, the pin pufhes the detent 
back into its former place, where it again locks the 
wheel. Then the balance, refuming its firft direction, 
unlocks the wheel, and receives another impulfion from 
it. Thus the balance is unconnefted with the wheels, 
except while it gets the impulfion, and at the moments 
of unlocking the wheels. 

This contrivance has been reduced to the greateft 
pofiible fimplicity by the Britifh artifts, and feems 
fcarcely capable of farther improvement. The follow- 
ing is one of the moft approved conftrudlions. In 
fig. iq. a b c reprefents the pallet, which is a cylinder 
of hard fteel or ftone, having a notch ab. A portion 
of the balance wheel is reprefented by A B. It is pla- 
ced fo near to the cylinder that the cylinder is no more 
than clear of two adjoining teeth. DE is a long fpring, 
fo fixed to the watch-plate at E, as to prefs very gent- 
ly on the Hop pin G. A fmall ftud F is fixed to that 
fide of the fpring that is next to the wheel. The tooth 
of the wheel refts on this ftud, in fuch a manner that 
the tooth a is juft about to touch the cylinder, and the 
tooth/is juft clear of it. Another fpring, extremely 
flender, is attached to the fpring DE, on the fide next 
the balance wheel, and claps clofe to it, but keeping 
clear of the ftud F, and having its point 0 projecting 
about j^th of an inch beyond its extremity. When 
the point 0 is prefled towards the wheel, it yields moft 
readily ; but, when preflcd in the oppofite direction, it 
carries the fpring DE along with it. The cylinder be- 
ing fo placed on the verge that the edge a of the notch 
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Watch* Js clofe by the tooth o, a hole is drilled at i, clofe by 
m’rlr' . the projecting point of the (lender fpring, and a fmall 

pin is driven into this hole. This is the whole appa- 
ratus ; and this ikuation of the parts correfponds to the 
quiefoent pofition of the balance. 

Now, let the balance be turned out of this pofition 
Ho or 90 degrees, in the direction a 3 c. When it is 
let go, it returns to this poiition with an accelerated 
motion. The pin i (trikes on the projecting point of 
the (lender fpring, and, prefling the ftrong fpring DE 
outward from the wheel, withdraws the ftud F from 
the tooth ; and thus unlocks the wheel. The tooth a 
engages in the notch, and urges round the balance. 
'1 he pin i quits the (lender fpring before the tooth quits 
the notch; fo that when it is clear of the pallet, the 
wheel is locked again on the ftud F, and another tooth 
g is now in the place of a, ready to aft in the fame 
manner. When the force of the balance is fpent, it 
flops, and then returns toward its quiefeent pofition 
with a motion continually accelerated. The pin i arrives 
at the point 0 of the (lender fpring, raifes it from the 
ftrong fpring without difturbing the latter, and almoft 
without being difturbedby this trifling obttacle ; and it 
goes on, turning in the direftion ale, till its force is 
again fpent ; it ftops, returns, again unlocks the wheel, 
and gets a new impulfion. And in this manner the 
vibrations are continued. Thus we fee a vibration, al- 
moft free, maintained in a manner even more Ample than 
the common crutch fcapement. The impulie is given 
diredl, without any decompofition by oblique adtion, 
and it is continued through the whole motion of the 
wheel. No part of this motion is loft, as in Dupleix’s 
fcapement, by gradual approach of the tooth to its 
adlive pofition. Very little force is required for un- 
locking the wheel, becaufe the fpring DFE is made 
(lender at the remote end E, fo that it turns round E 
almoft like a lever turning on pivots. A fudden twitch 
of the watch, in the diredlion b a, might chance to un- 
lock the wheel. But this will only derange one vibra- 
tion, and even that not conliderably, becaufe the teeth 
are fo clofe to the cylinder that the wheel cannot ad- 
vance till the notch comes round to the place of fcape- 
ment. A tooth will continue prefling on the cylinder, 
and by its friClion will change a little the extent and 
duration of a (ingle vibration. The greateft derange- 
ment will happen if the wheel (liould thus unlock by a 
jolt, while the notch pafles through the arch of fcape- 
ment in the returning vibration. Even this will not 
greatly derange it, when the watch is clean and vibra- 
ting wide; becaufe, in this pofition, the balance has its 
greateft momentum, and the direClion of the only jolt 
that can unlock the wheel tends to increafe this mo- 
mentum relatively. In (liort, confidering it theoreti- 
cally, it feems an almoft perfeCt fcapement; and the per- 
formance of many ofthefe watches abundantly confirms* 
that opinion. They are known to keep time for many 
days together, without varying one fecond from day to 
nay ; and this even under confiderable variations of the 
maintaining power. Other detached fcapements may 
equal this, hut we fcarcely expeft any to exceed it; and 
its (implicity is (o much fuperior to any that we have 
(een, that, on this account, we are difpofed to give it 
the preference. We do not mean to fay that it is the 
heft for a pocket watch. Perhaps the fcapement of 
X)upleix or Graham may be preferable, as being fuf. 

ceptible of greater ftrength, and more able to wfthftand Watch- 
jolts. Yet it is a fad that fome of the watches made in work* 
this form by Arnold and others have kept time in the ^ v^“ 
wonderful manner abovementioned while carried about 
in the pocket. 

Mr Mudge of London invented, about the year r 763, 
another detached fcapement, of a ftill more ingenious 
conftru&ion. It is a counterpart of Mr Gumming’* 
fcapement for pendulums. 1 he contrivance is to this 
effed. In fig. 18. abc reprefents the balance. Its 
axis is bent into a large crank EFGHIK, fufficiently 
roomy to admit within it two other axes M and L, 
with the proper cocks for receiving their pivots. The 
three axes form one ftraight line. About thefe fmaller 
axes are coiled two auxiliary fprings, in oppofite di- 
redions, having their outer extremities fixed in the 
ftuds A and B. The balance has its fpring alfo, as 
ufual, and the three fprings are fo difpofed that each of 
them alone would keep the balance at reft in the fame 
pofition, which we may fuppofe to be that reprefented 
in the figure. The auxiliary fprings A and B are con- 
neded with the balance only occafionally, by means of 
the arms m and n projeding from their refpedive axes* 
Thefe arms are catched on oppofite fides by the pins 0, 
/>, in the branches of the crank ; fo that when the ba- 
lance turns round, it carries one or other of thofe arms 
round with it, and, during this motion, it is affeded by 
the auxiliary fpring conneded with the arm fo carried 
round by it. 

Let us fuppofe that the balance vibrates 120° on each 
fide of its quitfeent pofition abc, fo that the radius 
E a acquires, alternately, the pofitions E 3 and E c. 
The auxiliary fprings are conneded with the wheels by 
a common dead-beat pendulum fcapement, fo that each 
can be feparately wound up about 30°, and retained in 
that poiition. Let us alfo fuppofe that the fpring A 
has been wound up 30° in the diredion a b, by the 
wheel-work, and that the point a of the rim of the ba- 
lance, having come from c, is pafling through a with 
its greateft velocity. When the radius Ea has palled 
a 30° in its courle toward b, the pin 0 finds the arm 
m in its way, and carries it along with it till a gets 
to b. But, by carrying away the arm m, it has un- 
locked the wheel-work, and the fpring B is now wound 
up 30° in the other oiredion, but has no connedion 
with the balance during this operation. Thus the ba- 
lance finifhes its femivihration a b of 120°, oppofed by 
its own fpring the whole way, and by the auxiliary 
fpring A through an angle of 90°. It returns to the 
pofition E u, aided by A and by the balance ipring, 
through an angle of 120°. In like manner, when E a 
has moved 30^ toward the pofition E c, the pin p meets 
with the arm //, and carries it along with it through an 
angle of 90', oppofed by the fpring B, and then returns 
to the pofition E a, aflifted by the fame fpring through 
an arch of 120°. 

-Thus it appears that the balance is oppofed by each 
auxiliary fpring through an angle of 90°, and aflifted 
through an angle of i20u. This difference of adion 

• maintains the vibrations, and the neceflary winding up 
of the auxiliary fprings is performed by the wheel- 
work, at a time when they are totally difengaged from 
the balance. No irregularity of the wheel-work can 
have any influence on the force of the auxiliary fprings, 
and therefore the balance is completely difengaged from 

all 
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Watch- 

work- 
all thefe Irregularities, except in the fhort moment of 
unlocking the wheel that winds up the fprings. 

This is a mod ingenious conilru&ion, and the neareft 
approach to a free vibration that has yet been thought 
of. It deferves particular remark that, during the whole 
of the returning or accelerated femivibration, the united 
force of the fprings is proportional to the diftance from 
the quiefcent pofition. The fame may be faid of the 
retarded excnrfion beyond the angle of impulfc . there- 
fore the only deviation of the forces from the law of 
cycloidal vibration is during the motion from the quief- 
cent pofition to the meeting with the auxiliary fpring 
There lore, as the forces, on both (ides, beyond this 
angle, are in then due proportion, and the balance al 
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ways makes fueh excuriions, there feems nothing to 
diilurb the ifochronifni, whether the vibrations are wide 
or narrow. Accordingly, the performance of this fcape- 
ment, under the fevered triads, equalled any that were 
compared with it, in as tar as it depended on fcapement 
alone. Hut it is evident that the execution of this fcape- 
ment, though mod fimple in principle, mult always be 
vaftly more difficult than the one deferibed before. 

1 here is fo little room, that the parts muil be exceed- 
ingly frnall, requiring the mod accurate workmanflu'p. 
We think that it may be greatly fimpliiied, preferving 
all its advantages, and that the parts may be made of 
more than twice their prefent dze, with even lefs load 
on the balance from the inertia of matter. This im- 
provement is now carrying into effeft by a friend. 

Still, however, we do not fee that this fcapement is, 
theoretically, fuperior to the lad. The irregularities of 
maintaining power affeA that fcapement only in the 
arch of impulfion, where the velocity is great, and the 
time of aAion very fmall. Moreover, the chief effed 
of the irregularities is only to enlarge the excuriions; 
and in thefe the wheels have no concern. 

Mr Mudge has alfo given another detached fcape- 
ment, which he recommends for pocket watches, and 
executed entirely to his fatisfadion in one made for the 
Queen. A dead beat pendulum fcapement is interpo- 
fed, as in the lad, between the wheels and the balance. 
The crutch EDF (fig. 19.) has a third arm DG, Hand- 
ing outwards from the meeting of the other two, and 
of twice their length. This arm terminates in a fork 
AGE. The verge V has a pallet C, which, when all 
is at red, would dand between the points A, B of the 
fork. But the wheel, by its adion on the pallet E, 
forces the fork into the pofition B g />, the point A of 
the fork being now where B was before, juft touching 
the cylindrical lurface of the verge. The fcapement of 
the crutch EDF is not accurately a dead beat fcape 
ment, but has a very fmall recoil beyond the angle of 
impulfion. By this circumftance the branch A (now 
at B ) is made to prefs moft gently on the cylinder, and 
keeps the wheel locked, while the balance is going 
round in the direction BHA. The point A gets mo- 
ving from A to B by means of a notch in the cylinder, 
which turns round at the fame time by the adion of 
the branch AG on the pallet C; but A does not touch 
the cylinder during this motion, the notch leaving free 
room for its pafiage. When the balance returns from 
its excurfion, the pallet C ftrikes on the branch A (ftill 
at B), and unlocks the wheel. This now ading on the 
crutch pallet F, caufes the branch i of the fork to fol- 

low the pallet C, and give it a ftreng impulfe in the di- 
redion in which it is then moving, caufing the balance 
to make a femivibration in the diiedion AHB. The 
fork is now in the fituation Aga, fimilar to B and 
the wheel is again locked on the crutch pallet E. 

The intelligent reader will admit this to be a very 
fttady and efFedive fcapement. The lockage of the 
whed is procured in a very ingenious manner; and the 
fi.diou on the cylinder, needfary for effeding this, 
may be made as fmall as we plcafe, notwithdanding a 
very ftrong a&ion of the wheel : For the preffure of 
the 1 >rk on the cylinder depend# entirely on the deg'-ee 
of recoil that is formed on the pallets E and F. Prrf. 

Jure on the cylinder is not ina/fpenfab/y neceffary, and 
the crutch fcapement might be a real dead beat. But at 
fmall recoil, by keeping the fork in contad with the 
cylinder, gives the mod perfed fteadincts to the motion. 
The ingenious inventor, a man of approved integrity 
and judgment, declares that her Msjelty’s watch was 
the bed pocket watch be had ever feen. We are not 
difpoted to queilion its excellency. We faw an ex r e- 
riment watch of this conftrudion, made by a country 
artill, having a balance fo heavy as to vibrate only twice 
in a fecond. Every vibration was fenlibly beyond i 
turn and a half, or 5400. The artift adored us, that 
when its proper balance was in, vibrating fomewhat 
mote than Hve times in a ftcond, the vibrations even 
exceeded this. He had procured it this great mobility 
by fubftituting a roller with fine pivots in place of the 
fimple pallet of Mudge. This great extent of detached 
vibration is an unquedionable excellence, and is peculiar 
to thofe two fcapements of this ingenious ait id. 

Very ingenious fcapements have been made by Ern- 
fliaw, Howel, Hayley, and other Britiffi artids; and ma- 
ny by the artids of Fans and Geneva. But we mutt 
conclude the article, having delcribed all that have any 
difference in principle. 

The fcapement having been brought to this degree 
of perfection, we have an opportunity of malting expe- 
riments on the law of addion of fprings, wh:ch has been 
too readily affumed. We think‘it eafy to demonftrate, 
that the figure of a fpring, which mud have a great ex- 
tent of rapid motion, will have a confiderable influence 
on the force which it impreffes on a balance in admit 
motion. The accurate determination of this influence is 
not very difficult in fame fimple cafes. It is the greateft 
of all in the plane fpiral, and the lead in the cylindri- 
cal ; and, in this lalt form, it is lo much lefs as the dia- 
meter is lefs, the length of the fpring being the fame. 
By employing many turns, in order to have the fame 
ultimate force at the extremity of the excurfion, this in- 
fluence is increafed. A particular length of fpring, 
therefore, will make it equal to a given quantity; and 
it may thus compenfate for a particular magnitude of 
friefion, and other obftru&ions. This accounts for the 
obfervation of Le Roy, who found that every Ipring, 
when applied to a movement, had a certain length, which 
made the wide and narrow vibrations ifochronous. Hi* 
method of trial was fo judicious, that there can be no 
doubt of the juftaefs of hia conciufion. His time-keeper 
had no fuzee ; and when the laft revolution of the main 
wheel was going on, the vibrations were but of half the 
extent of thofe made during the firft revolution. With- 
out minding the real rate of going, he only compared 
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Watpr. the duration of the firft and lad revolution of the mi- 
'—v i nute hand. An artift of our acquaintance repeated 

thefe experiments, and with the lame refult : But, un- 
fortunately, could derive little benefit from them ; be- 
caufe in one Hate of the oil, or with one balance, he 
found the lengths of the lame fpring, which produced 
ifochtonous vibrations, were different from thofe which 
had this effect in another ftate of the oil, or with ano- 
ther balance. He alfo obferved another difference in 
the rate, arifing from a difference of pofition, according 
as XII, VI, HI, or IX, was uppermoll ; which diffe 
rence plainly arifes from the fwagging of the fpring by 
its weight, and, in that flate, a&ing as a pendulum. 
This unluckily put a flop to his attempts to lefien this 
hurtful influence by employing a cylindrical fpiral of 
fmall diameter and<great length. 

WATER-Blowing Machine, called in French 
Soijfief d’eau or trompe. is a machine which, by the ac- 
tion of falling water, fupplies air to a blalt furnace. It 
con ft (Is of an upright pipe, through which a fhower of 
water is made to fall; and this fhower carries down with 
it a rnafs of air, which is received beneath in a kind of 
tub, and conduced to the furnace by means of a pipe. 
The firft idea of fuch a machine wasdoubtlefs fuggefted 
by tho(e local winds, which are always produced by na- 
tural falls of water over precipices, and in the moun- 
tains (fee page 277 of this Volume) ; but perhaps we 
?.re indebted for the firll accurate theory of it to Pro- 
felfor Venturi. 

That philofopher, in his expetimental refearches con- 
cerning the lateral communication of motion in fluids, 
proves that the water blowing machine affords air to 
the furnace, by the accelerating force of gravity and the 
lateral communication of motion combined together. 
He begins with an idea, which, he candidly acknow- 
ledges, did not efcape the penetration of Leonardo Da 
Vinci. Suppofe a number of equal balls to move in 
contatt with each other along the horizontal line AB 
(Plate XLVI. fig. 3.). Imagine them to pafs with 
an uniform motion, at the rate of four balls in a fe- 
cond. Let us take BF, equal to 16 feet Enghfh. Du- 
ring each fecond four balls will fall from B to F, and 
their refpettive diftances in falling will be nearly BC — 
1, CD = 3, DE = 5, EF - 7. We have here a 
very evident reprefentation of the feparation, and fuc- 
ceflive elongation, which the accelerating force of gravity 
produces between bodies which fall after each other. 

The rain water flows out of gutters by a continued 
current j but during its fall it feparates into portions in 
tEe vertical dire&ion, and ftrikes the pavement with 
diftinft blows. The water likewife divides, and is fcat- 
tered in the horizontal direSton. The ftream which 
iff lies out of the gutter may be one inch in diameter, 
and ftrike the pavement over the fpace of one foot. The 
air which exifts between the vertical and horizontal fe- 
parations of the water which falls, is impelled and car- 
ried downwards. Other air fucceeds laterally ; and in 
this manner a current of air or wind is produced round 
the place ftruck by the water. Hence the following 
idea of a water-blowing maching : 

Let BCDE (fig. 2.) reprefent apipe, through which 
• the water of a canal AB falls into the lower receiver 

MN. The fidcs of the tube have openings all round, 
through which the air freely enters to fupply what the 
water carries down in its fall. This mixture of water 

and air proceeds to ftrike a mafs of ftone Q_; whence 
rebounding through the whole width of the receiver 
MN, the water feparates from the air, and falls to the 
bottom at XZ, whence it is difcharged into the lower 
channel or drain, by one or more openings TV. The 
air being lefs heavy than the water, occupies the upper 
part of the receiver ; whence being urged through the 
upper pipe O, it is conveyed to the forge. 

It has been fuppofed by fome eminent chemi'ls, that 
the air which pafTes through the pipe O is furniflied 
by the decompofition of water. To afeertain whether 
this be the cafe or not, our author formed a water- 
blowing engine of a fmall fize. The pipe BD was two 
inches in diameter, and four feet in height. When the 
water accurately filled the feftion BC, and all the late- 
ral openings of the pipe BDEC were clofed, the pipe 
O no longer offered any wind. It is therefore evident, 
that in the open pipes the whole of the wind comes 
from the atmofphere, and no portion is afforded by the 
decompofition of water. It remains, therefore, to de- 
termine the circumftances proper to drive into the re- 
ceiver MN the greateft quantity of air, and to meafure 
that quantity. 

1. To obtain the greateft effefl from the acceleration 
of gravity, it is neceffary that the water fhould begin to 
fall at BC, (fig. 2.) with the leaft poffible velocity; 
and that the height of the water EB fhould be no more 
than is neceffary to fill the ledtion BC. Our author 
fuppofes the vertical velocity of this feftion to be pro- 
duced by an height or head equal to BC. 

2. We do not yet know, by dired experiment, the 
diftance to which the lateral communication of motion 
between water and air can extend ufelf; but we may ad- 
mit with confidence, that it can take place in a fe&ion 
double that of the original fe&ion with which the wa- 
ter enters the pipe. Let us fuppofe the fe£iion of 
the oipe BDEC to be double the fe&ion of the wa- 
ter at BC ; and, in order that the Itream of fluid may 
extend and divide itfelf through the whole double fec- 
tion of the pipe, fome bars, or a grate, are placed in 
BC, to diftribute and fcatter the water through the 
whole internal part of the pipe. 

3. Since the air is required to move in the pipe O 
with a certain velocity, it muft be compreffed in the re- 
ceiver. This compreffion will be proportioned to the 
fum of the accelerations, which (hall have been deftroy- 
ed in the inferior part KD of the pipe. 1 aking KD 
— 1,5 feet, we fhall have a preflure fufficient to give 
the requifite velocity in the pipe O. The fides of the 
portion KD, as well as thofe of the receiver MN, muft 
be exa&ly clofed in every part. 

4. The lateral openings in the remaining part of the 
pipe BK may be fo dilpofed and multiplied, particular- 
ly at the upper part, that the air may have free accefs 
within the tube. We will fuppofe them to be fuch that 
0,1 foot height of water might be fufficient to give the 
neceffary velocity to the air at its introdu&ion through 
the apertures. 

All thefe conditions being attended to, and fuppo- 
fing the pipe BD to be cylindrical, it is required to de- 
termine the quantity of air which paffes in a given time 
through the circular feftion KL. Let us take in feet 
KB = 1,5 ; BC == BF = a; BD = b. By the com- 
mon theory of falling bodies, the velocity in KL will be 
7,76 -y' (<z + £ — 1,4) ; the circular fedion KL = 

0E/85 

Water. 



w E A [ 805 ] W E A 
Water, 0,785 fl*. Admitting the air in KL to have acqui- 

Weavin^. rej tjie fame velocity as the water, the quantity of 
" ' the mixture of the water and air which paffes in a fe- 

cond through KL is = 6, i a1 (a + b— 1,4). 
We mufl deduft from the quantity [a \-b — 1,4) that 
height which anfwers to the velocity the water muft 
iofe by that portion of velocity which it communicates 
to the air laterally introduced ; but this quantity is fo 
fmall that it may be negledted in the calculation. The 
water which pafles in the fame time of one fecondthro’ 
BC is = 0,4 a‘ V" (tf + 0,1). Confequently, the quan- 
tity of air which pafles in one ftcond through KL, will 
be = 6, la1 {a-\-b— 1,4) — 0,4 rz2 >/ (« 4* 0,1), 
taking the air itfelf, even in its ordinary ftate of compref- 
fion, under the weight of the atmofphere. It will be pro- 
per, in practical applications, to deduft one-fourth from 
this quantity; 1. On account of the fhocks which the Scat- 
tered water fuftains againft the inferior part of the tube, 
which deprive it of part of its motion ; and, 2. Becaufe 
it muft happen that the air in LK will not, in all its 
parts, have acquired the fame velocity as the v'ater. 

If the pipe O do not difcharge the whole quantity of 
air afforded by the fall, the water will defcend at XZ ; 
the point K will rile in the pipe, the afflux of air will 
diminifh, and part of the wind will ifiue out of the 
lower lateral apertures of the pipe BK. 

We fhall not here examine the greater or lefs degree 
of perft&ion of the different forms of water-blowing 
machines which are ufqd at various iron forges ; fuch as 
thofe of the Catalans, and elfewhere. Thefe points 
may be eafily determined from the principles here laid 
down, compared with thofe eftablifhed in the articles 
Resistance of Fluids (Encycl.J, and Dynamics [Sup- 
plement.). 

WEAVING (fee Encycl.) is an operation which, 
by means of a well-known inftrument called the <wea- 
'uing-loom, has hitherto been performed by bodily la- 
bour. That labour is pretty fevere ; and Mr Robert 
Millar, an ingenious calico printer in the county of 
Dumbarton, Scotland, wilhing to leffen it, invented, 
feme years ago, a weaving-loom, which may be wrought 
by water, fteam, horfes, or any other power. For his 
invention he received a patent, dated June 26th 1796 ; 
and though truth compels us to fay, that we do not 
think it likely to emulate the fpinning machine of Ark- 
wright, it is fufficiently ingenious to deierve notice in a 
Work of this kind. The following is his own deferip- 
tion of his patent weaving-loom : 

Fig. 1. (Plate L ) reprefents a fide view of the 
loom," AA, BB, CC, DD, being the frame, a is an 
axis (which we fhall call the fpindle) acrofs the frame. 
On this axis is a fheevc b, two inches thick, having a 
groove round it, two inches deep, and half an inch 
wide. The bottom of this groove is circular, except 
in one part e, where it is filled up to the top ; a lever d 
refts on the bottom of this groove, and is lifted up by 
it when the elevation c comes round to the fituation re- 
prefented in the figure. By this motion, the lever d 
a&s on the ratchet-wheel e by the catch /, and draws 
it forward one tooth, each revolution of the fheeve. This 
ratchet wheel is in an iron frame which alfo pro- 
perly carries the two catches t and «, which are con- 
nedfed with it at d. 1 he catch u holds the ratcfiet- 
wheel in its pofition, while the lever z/, and the catch t, 
are moved by the groove c in the flieeve. On the arbor 

of the ratchet is a fmall pinion h, working in the wheel Weaving. 
/; this wheel is fixed on the end of the roller e of fig. —-v—— 
3. On the fide of the fheeve £ is fixed a wiper i, w hich 
lifts the treadle/. This treadle turns on its joints in 
the fheeve E, w hich is fixed to the fide of the frame A 
and D ; it is kept preffing on the bottom of the groove 
in the fheeve by a fpring tn, fixed to the frame fide A, 
and having a flender rod n from its extremity, joining it 
with the treadle at /. From the point of the treadle 
there goes a belt 0, which paffes over the pulley pt 
which is feen edgewife in this figure, and is joined to 
the top of the fly pin q, of fig. 2. At the end of the 
frame A is the fhort poft F ; on this refls the yarn-beam 
j, having a fheeve r, over which paffes a cord, having a 
weight s fufpended to it. The other end of this cord 
is fattened to the fpring u ; the weight caufes the yarn- 
beam to ftretch the web from the ratchet wheel e, w ith 
its catch u ; and the fpring v allowrs the rope to Aide on 
the fheeve as the ratchet is drawn round during the 
working. 

Fig. 2. is a front view of the loom, a a is the 
fpindle which carries the fheeve b, and the wipers d 
and dt which move the treadles tu, w, of fig. 1. Thefe 
ufe the treadles of the headles, with which they are con. 
nedled by cords from the fhafts of the headles s, s. From 
the upper fliaft there go twm leathern belts/,/, to the 
roller y, furnifhed each with a buckle, for tightening 
them at pleafure. The, two wipers c, c, on the {baft a, 
which ferve for taking back the lay, have the tw'o 
treadles x, x, in fig. 3. with a belt from each patting 
over the roller^ 2 of fig. 1. and fixed to the fword of 
the lay. From the fwords of the lay forward is fixed a 
belt to eacii end of the roller i ; from this roller there 
goes a cord to the fpring/ w'hich ferves for taking for- 
ward the lay w'hich is hinged on the rocking tree t. 
The ftar-wheel b of fig. 3. and the fheeve b of fig. 1. 
are fixed to the oppofite ends of the fpindle a without 
the frame ; and both the wheel and fheeve have a wiper 
k fixed to them for moving the treadles. In order to 
drive the fhuttle, the belts 0, 0, go from the points of 
the treadles, over the pulleys to the top of the fly- 
pin q : This turns on a pin-joint in a rail r, which goes 
acrofs the loom. From its low-er end there go two fmall 
cords to the fhuttle drivers which Hide on the iron 
rods a, w. A long iron rod v goes acrofs the lay, and 
is hung on two centres at the ends. In this rod *u are 
fixed two fmall crooked wires <w, <w, which are more 
diftin&ly marked in the little figure *u above, which re- 
prefents a fedlion of the lay. The dot at the lower end 
of the wire w, in this figure, is the fedtion of the rod 
v. The fhuttle paffes between thefe wires and the lay 
every fhot, and lifts them up, caufing the rod v to turn 
round a little. But if the fhuttle fliould not pafs thefe 
wires, nor lift them, it would be drawn home by the 
lay, and deftroy the web. To prevent this, there is fix- 
ed on one end of the rod v a flout crooked wire z, ha- 
ving a broad or flat head, which naturally refts on a 
plate of iron, marked and fixed to the back of the lay. 
This plate has a flit in its middle about an inch deep. 
In this flit refts Ahe rod a 2 o( fig. 3. on which is a 
fliort ftud, which is caught by the wire z when the wire 
iu is not lifted back by the patting fhuttle. This will 
flop the lay from coming home, and will fet off the 
loom. 

Fig. 3. is another fide view of the loom oppo- 
fitc; 
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On the fpindle a is the ftar wheel on hundred times, greater} and of ten times, a hundredtimn, Welghti. 

^ ' ’ 1 lefs, &c. are placed before the word metre. The fame   
annexes have been ufed to form the names of mealur 

Weight*, fit? to fig. I. 
' v the out fide of the loom frame, on the arms of which 

wheel is fixed the wiper k, as the fimilar wiper is fix- 
ed to the fheeves on the other end of the Ipindle. 1 ne 
wipers whicii drive the fhuttles are ii'ced on oppoiite 
fquares of the Ipindle, and work alternately. Below 
the liar-wheel is a pinion c, which is on a round fpindle, 
turned by the water-wheel, by means of a wheel on this 
fpindle. In a wheel on this fpindle are two iluds, on 
which the pinion c Aides off and on as the loom is fet off 
and on by the lever d. At the farther end of this le- 
ver is the weight s, hanging by a cord which paffes over 
a pulley t> fixed at the outer end of the fpring-catch on 
which the lever d refts ; and thus the loom is drawn in 
at the upper end of the lever d. But when the (buttle 
does not lift the wire e, it catches on the ftud on the 
rod a 2, which is connefted with the fpring-catch, and 
the lever d dies off with the weight j, and the loom 
Hops working. On the head of the poll F is the yarn- 
beam. The rollers e and/are cylinders, preffed toge- 
ther by a ferew lever, and take away the cloth between 
them at a proper rate. In the roller /is a groove for 
a band for driving the roller^, on which the cloth winds 
itfelf as it is wrought. Wherever fprings are mention- 
ed to be ufed in the above defeription, weights may be 
ufed in their head, and to the fame effedt, and more 
efpecially upon the treadle of fig. 1. for driving the 
fhuttle. , 

WEIGHTS and Measures, in commerce, are fo 
various, not only in different countries, but even in dif- 
ferent provinces of the fame country, and this varia- 
tion is the fource of fo much inconveniency in trade, 
that writers on polical and commercial economy have 
propofed various methods for fixing an univerfal and 
immoveable llandard of weights and meafures for all 
ages and nations. Sir James Stewart Denham’s fpe- 
culations on this fubjedl have been noticed in his lile 
publilhed in this Supplement ; Mr Whithurft’s inge- 
nious contrivance for eftablifhing a ftandard of weights 
and meafures has been mentioned under the title Mea- 
sUre (Encycl.) ; and the new table of weights and 
mealures, which the French republicans wifii to impofe 
upon all Europe, is given [Encycl.) under the title Re- 
volution, n° 183. 

As thefe meafures occur frequently, even in Englifh 
tranflations of French books of value, we (hall here 
give fuch an account of them as may enable the reader 
to reduce them with cafe to the Eng’. Ih ftandarda. 
They are of five kinds ; meafures of lengthy of capacity, 
of 'weight, of fuperficies for land, and of wood for fuel. 
For every kind, there are many meafures of different 
fizes, one of which has been taken as the bafis of all the 
reft, and its name affumed as the root of their names. 
Thus metre is called the principal naeafure of length ; 
litre, of capacity ; gramme, of weight; are, of fu- 
perficies of land ; and stere, of wood for fuel. Thefe 
words being the radical terms of the names of other mea- 
fures of length, capacity, &c. a relation is hereby pre- 
ferved between the names. 

The meafures of length above the metre, are ten 
times, a hundred times, a thoufand times, ten thoufand 
times, greater than the metre. The meafures of length 
below the metre, are ten times, a hundred times, a thou- 
fand times, lefs. To form the names of thefe meafures, 
other words which indicate the relations of ten times, a 

or I pint 

of water, 
of an 

the at 
ounce 

8, 
greater or lefs, than the litre, the gramme. See. It is ne. 
ceffary, therefore, to (late in this place the Englilh 
equivalents of only the metre, the litre, the gramme, the 
are, and the Jlere. 

The metre =: 3.28084 feet Englilh. 
The litre = 61.0243 cubic inches, 

ale meafure. 
The gramme, or cubic centi metre 

freezing point, = T1T lb. averd. or 
or 11- of a dram nearly. 

The are = 1076-I fquare feet, or 119)- fquare 
yards, or of an acre nearly. 

The stere, or cubic metre = 35.31467 cubic feet. 
The better part of our countrymen, not choofing to 

adopt the weights and meafures preferibed to them by 
the French Convention and the National Inftitute, Sir 
George Shuckburgh Evelyn, Bart, turned his attention 
to this fubjedl, and publilhed, in the Philofophical Trauf- 
aftions for 1798, an account of fome endeavours to af- 
certaiu a ftandard of weights and meamres. The prin- 
ciples upon which he proceeded are the fame with Mr 
Whitehurft’s ; but he has carried his cxpeiiments much 
farther than his predeceffor, and feems to have conduct- 
ed them with greater accuracy. His memoir is hardly 
fufceptible of abridgment} and our limits do not per- 
mit us to infert it entire. This is indeed unneceffary, 
if it be true, as another ingenious gentleman alleges *, * H. Oood 
that we are in the actual poffeflion, and the conftant ufe, win, £fq. 
of a ftandard both for weight and meafure, as invariablein fT’cho1- 
as that now ufed in France. This ftandard he finds volTv 
the foot meafure, and in the avoirdupoife, or, as hep. laj,*«Stc. 
thinks it ought to be called, the decade ounce weight. 

The decade ounce weight of pure rain, or diddled 
water, at 6o° of heat, is generally allowed to be equal 
in bulk to the one-thoufandth part of the cubic foot. 
Were 44.3511 parts out of iocoo, or about T4Tth 
part added to the prefent Wincheftcr buihel, that bufhel 
would then contain exadlly 10 cubic feet or 10000 oz. 
of diddled water, at 6o° of heat. 

Our author then gives comparative tables between 
this fyftem and that which is now eftablifhed in France. 
T aking the metre at 3 French feet, and 11.296 
lines f, and the French foot to he to the Englifh as | journni je 
1 : 1.065752004 one French foot will be equal to Pbyf. voL v. 
10.65752004 Englifti decades, or tenths of an Engdifti P* 460. 
^   & } Phil. 

‘Tranf. 
1768, p« 
326,and 
Connoijfanee 
do Temps, 
i7S»5* 

foot: hence he calculates the following 

Comtaratk'R Tablrs, Englijh with French. 

LONG MEASURE. 
Longr 

decade. Metre. Metre. 

0.03047983 fere 1 = 

Lonjj decades. 
808583358, &C. 
inches 39.3703. 

Square 
decades. 

SQUARE MEASURE. 

Ares, Ares, Square decades. 

Cube 
decades 

CUBE MEASURE. 

1 =o.ocoooQ2902 fere ! = {>7640.3142, or fqr. 
^ 7 (_inch. 155002.052448 

ASUR 

= { 

Litre*. Litre. 

i = 0.02831637 fere i 
Cube decades. 
35.3152622, &C. or 
cub.inch.61.0247727 

WEIGHTS. 



Weights 
11 

Wheat. 
' V   
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WEIGHTS. 

Avoird. or 
decade oz. Gramtv.es Gramme. Decade oz. 

0 , f Co.c^?^ic26, &c. or I =. 28.31627 reie i =: >< ^ r J ^grains, ij.45042625 
Long, 1 

e» ( Square, 1.2 
r Long, "l Englilh 

decades are J Square, / inches by 
f reduced to ) or T multiply- I ^ 

1 inrr K.r I • / 2 Cube, J (_ Cube, J jng by (_ 
and decade ounces are reduced to grains, 

f Avoird. 
containin': 

f 7000,1 f 
or >■ to the lb. < 

L576o>J V 
\ by 

.Troy, J 
multiplying the ounce by 437.5 = the number of 
grains in an avoirdupoite ounce. 

Our author, who feems to have paid much attention 
to weights and meafures, obferves, that a ftandard mea- 
fure for the puipofes of trade, in particular, as well as 
for others, that would uniformly give an accurate re- 
fult, and could be eafily made, eKamined, and afeertain- 
ed, by common mechanics, which neither our prefent 
liquid nor dry meafures evidently can, would furely be 
an acquilition of great value. Such an one, he pre- 
fumes, would be the following : A fquare pyramid, 
whofe perpendicular height is exaftly thrice the length 
of the fide of the bafe : for fuch an one, and every fec- 
tion of it, made by a plane parallel to its bafe, would, 
in the firft. inftance, polfefs, and, in every fubdivifion, re- 
tain thefe remarkable properties. 

ill, Similar comparative dimenfions to thofe above 
given, for the original pyramid, i. e. every fmaller pyra- 
mid, formed by the above-mentioned parallel fedlion, 
would have its perpendicular height thrice the length of 
the fide of its bare ; and, 

adly, The length of the fide of each bafe will always 
fndicate, or equal the cube root of the folid content of 
the pyramid ; e. g. If the length of the fide of the bafe 
be 3, the folid content will be the cube of 3, tA. 
3 X 3 X 3 = 27. 

We do not perceive very clearly the great value of 
this ftandard; but Mr Goodwyn fays, that he has been 
many years in the habit of ufing a pyramid meafure to 
examine corn ; and is perfectly convinced that fuch a 
one will indicate a far more accurate refult than can a- 
rife from the manner in which corn is meafured by the 
bufhel. This we are bound to believe ; for it isabfurd 
to oppofe theories to a fadl afeertained by experience. 

WESTRINGIA, a new genus of plants deferibed 
by j. E. Smith, M. D. prefident of the Linnaean So- 
ciety of London. It was firft difeovered in New Hol- 
land by Dr Solander, who called it Cunila FrutkoJay 
though it is totally different from the Cunila (fee that 
article, ifWyc/.), and more refembles rofemary, from 
which, however, it is likewife different. Its peculiar 
character is : Calyx femiquinquejidus, pentagonus ; corolla 
refupinata, limbo/juadrifido, lolo longiore credo, bipartite : 
Stamina di/laniia, duo breviora {inferiora) abortiva. Dr 
Smith afiigns it rather to the didynamia-angiofpermia, 
placing it immediately after the Teucrium, than to the 
diandria clafs of plants. 

WHEAT (fee Triticum, Encycl.) has for fome 
years paft been at fo very high a price, that every hint 
for increafing its quantity or improving its quality is 
inti tied to notice. In the Leicefter Journal for the 6th 
of December 1799, there is an ingenious paper on the 

fubjedt of tranfplanting wheat, as a means of providing Wheat, 
againft the expedted fcarcity of that neceffary of life. Itv— 
is recommended “ to fow, in dry land, at the ufual fea- 
fon, as much corn as may be deemed necefiary to plant 
in the fpring any number of acres which may be occu- 
pied with that article in the following year. When the 
foil is prepared, a furrow is to be made with a very fmall 
plough and one horfe, in the centre of the ridge or land, 
returning back in the fame track (this time only of 
every ridge) ; then turn towards the left hand, and 
plough another furrow, about eight or nine inches from 
the firft furrow, turning always to the left hand, till 
the whole ridge is finifhed ; it will then be formed 
into trenches, in parallel lines, of about eight or nine 
inches afunder, and imitate what gardeners term draw- 
ing of dtills. In thefe furrows the plants are to be 
laid.” Mr John Ainfworth cf Glen, the experienced 
author of this communication, fays he has praCtifed this 
method with the moft complete iuccefs. 

It has been likewife pradtifed, on a finall fcale, with 
equal fuccefs, but we know not in what county. About 
the end of Auguft 1783, that gentleman threw a fmall 
quantity of wheat, which near two years before had 
been fteeped and limed (fee Wheat, Encycl.') into an 
unmanured corner of his garden. In the beginning of 
February' following he had a piece of ground (alfo un- 
manured) dug in an open part of his orchard, and he 
tranfplanted it on beds of fix rows wide, at nine inches 
afunder every way. It tillered, and fpread over the 
ground fo completely, as to prevent even a weed grow- 
ing among it. It produced admirable corn, and at the 
rate of near four quarters per acre. 

From accurate calc^tions which he then made, he 
found that an acre, fuppofing the feed to be very good, 
and the plants fet at the diftance above mentioned, 
would require only half a peck of feed. 

Beiides the laving of the feed, there are two other 
material advantages which attend fuch a method ; one 
is, that fome fuitable crop may be on the ground all the 
winter for ufe ; and the other is, that ploughing the 
ground fo late as February, will tffe&ually bury and 
dtftroy thofe weeds which were beginning to vegetate v 
and before others can fpring up, the corn plants have 
taken to the ground, and fo fpread over it that the 
weeds qannot rife, by which means there is a very clean 
crop, and all the cuftomary ex pence for weeding is 
faved. 

This author feems to think that wheat will thrive as 
well, and produce as full a crop, when fown in the 
fpring, as if it had been committed to the ground in the 
preceding autumn. In the fouthern counties of Eng- 
land we doubt not but it may ; but the cafe is other- 
wife in Scotland, where the fpring is not fo early, and 
where, from the narrownefs of the ifland, the froft is 
feldom fo fevere. We agree, however, with Dr Pike, 
in thinking it a pity that the way of fetting wheat (aa 
done in Norfolk and Suffolk) is not every where more 
general. The procefs is indeed tedious and trouble* 
fome; and we have often wondered that, among the 
numberlefs machines lately contrived to leffen manual 
labour, none has been invented for dibbling wheat ex- 
peditioufly and accurately. We are therefore pleafed 
to learn, that Dr Pike himfelf has turned his attention 
to the fubjeft, and hopes in the courfe of this year 
(1800) to prefent the public with a method of fetting 
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loheat at prrfectlt kxac? diflances through a whole be an ornament to tbe univerfity. 

jiehl, and as EXPEDiTiousr.r as the common broadcajl/ow- 
ing, which can therefore be applied to forms of any mag- 
nitude ; and when a peck of feed is found to be fuffi- 
cient for an acre (and in fome land much lefs), the fa- 
ying- on a large farm muft be immenfe. We truft to 
the liberality of his profefTion, that he will not take out 
a patent for his invention. 

Though we have elfewhere given the ufual recipes 
for preventing fmut in wheat, it would be improper to 
conclude this article without mentioning the very fimple 
one which Mr Wagftaffe of Norwich has uniformly 
found attended with complete fuccefs. This confifts in 
nothing more than immerfing the feed in pure water, 
and repeatedly fcouring it therein, juft before it is fown 
or dibbled in the foil. Whether well, fpring, or river 
water be ufed, is indifferent; but repeated ftirring and 
change of water is effential to remove the particles of 
infection that may have imperceptibly adhered to the 
feeds thus purified. The fubfequent crop will be perfe<5l 
in itfelf, and its feeds, he fays, fucceflively fo likewife, 
if there are no adjacent fields from whence this conta- 
mination may be wafted. He recommends the fame 
wafhing, and for the fame reason, of barley and oats be* 
fore they be fown. 

WILKIE (William, D. D.), the author of an he- 
roic poem, intitled the Epigoniad, was born in the pa- 
tifh of Dalmeny, in the county of Weft-Lothian, on 
the 5th of Odfober 1721. He was defcended of an an- 
cient family in that county, though his father rented on- 
ly a fmall farm, and was poor and unfortunate through 
life. He was able, however,, to give his fon a liberal 
education; and that fon, it is faid, difcovered fo early a 
propenfity to the ftudy of poetry, that he began to 
write verfes in his tenth year. 

As this wonderful prematurity of genius was never 
heard of during Wilkie’s life, it will probably be con- 
fidered as a ftory fabricated to raife the Scottifh poet to 
the fame eminence with Pope, whofe verfification he is 
allowed to have imitated with fuccek. We have no 
doubt but that Wilkie wrote in early life the defcrip- 
tion of a ftorm, which is publilhed in the 9th volume 
of the Statiftical Account of Scotland; but that he 
wrote it in his tenth year is not proved, and is highly 
improbable. The poem difplays a notion—a confufed 
notion indeed—of the laws of ele&ricity, which a boy 
in his tenth year, and at a period when ele&ricity was 
little underftood, could not have acquired. 

Having learned the rudiments of the Latin tongue 
"at thej>arifh-fchool of Dalmeny, young Wilkie was, at 
the age of thirteen, lent to the univerfity of Edinburgh, 
where he was foon diftinguifhed by his originality of 
thought, and by his rapid progrefs in erudition and 
fcience. Among his fellow-ttudent* he was moft clofe 
Jy affociated with Dr Robartfon the hfftorian, M*- John 
Home the poet, Dr M‘Ghie(A), who afterwards ob- 
tained the friendfhip of Johnfon, and became a member 
of the Ivy-lane Club ; and a Mr Cleghorn, who promifed 

in which he was af- Wilkie, 
terwards a profeffor, but died before he had time to rea- 'r~mm 

lize the fond hopes of his friends. During the courfe 
of his education, Wilkie became acquainted with the 
celebrated David Hume and Dr Fergufon, and at a la- 
ter period with Dr Adam Smith, the far-famed author 
of “ The Wealth of Nation;-.” Of all thofe men he re- 
garded Dr Fergufon with the greateft affe&ion, and Dr 
Smith with the greateft admiration. This laft writer he 
confidered as equal to Robertfon and Hume in erudi- 
tion, and vaftly their fuperior in originality and inven- 
tion ; and this opinion he cherifhed to the day of his 
death. 

Before he bad completed his education, his father 
died, leaving him no other inheritance than the ftock 
and Unexpired leafe of his farm, and the care of his 
three fifters. Wilkie, therefore, turned much of his at- 
tention to agriculture, in which he became eminent, not 
merely as a theorift, but as a practical farmer. He had 
too much fcience to be the flave of ancient prejudice, 
and too much judgment to be hurried into hazardous 
experiments by the charms of untried fpeculation. One 
of his fifters being married to a fkilful, though unletter- 
ed farmer, he availed himfelf of his brother’s experience; 
*and upon the fa£ts and maxims derived from him built 
a fyftem of praftical farming, which fully anfwered his 
own expeftation, and obtained the applaufe of all his 
neighbours- 

He ftill profecuted his ftudies in the univerfity, and 
without ceafing to be a farmer became a preacher in the 
church of Scotland. For fome years this made no al- 
teration in the mode of his living. He preached occa- 
fionally for the minifters in his neighbourhood; cultiva- 
ted his farm ; read the dailies ; and, enamoured of the 
fimple fublimity of Homer, proje&ed an epic poem on 
the Homeric model. The fubjed of his intended poem 
he drew from the fourth book of the Iliad, where Sthe- 
nelus gives Agamemnon a (hort account of the facking 
of Thebes ; and as that city was taken by the fons of 
thofe who had fallen before it, Wilkie gave to his poem 
the quaint title of Epigoniad, from the Greek word 
tviyovoi which fignifies defeendants. It is not our bufi- 
nefs to write a criticifm upon this poem. I he fubjedi 
was ill-chofen; for the learned reader has enough of the 
heroic ages in the immortal poems ot Homer and Vir- 
gil, and in thofe ages the unlearned reader can feel no 
intereft. The Epigoniad, therefore, though compofed 
in fmooth and elegant vtrfe, with due attention to an- 
cient manners, and conftru&ed on the moft regulaf 
plan, has fallen into negled, from which no critic or 
biographer will ever refeue it. 

In the year 1753, Mr Wilkie was ordained minifter 
of Ratho, in confequence of a prefentation from the 
Earl of Lauderdale, who knew his worth and admired 
his genius. Without neglecting his favourite amufe- 
ments of hulbandry, or the ftudy of the belles lettres, 
he difeharged with fidelity the duties of a Chriftian pa- 
llor, was famed for his original and impreflive mode of 

preaching, 

(a) According to Sir John Hawkins, this man bore arms on the fide of government at the battle of Falkirk 
1745. After which, taking a degree in phyfic, he went to London in hopes of employment through the inte- 

Yelt of his countrymen, and perhaps in return for his loyalty. He was a learned, ingenious, and modell man ; 
but fo little fuccefsful in his profeffion, that he died of a broken heart, and was burled by a contribution of hia 
‘friends. 
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preaching, and foon came to be loved as well as efteem- 
- ed by his rural flock. 

In the year 1757 the Epigoniad was publifhed, the 
refult of fourteen years ftudy and application, which 
might iurely have been more ufefully employed on fome 
other work ; and in 1759 a fecond edition was called 
for, to which he added A Dream in the manner of Spen- 
fer. He was, the fame year, chofen profeffor of natu- 
ral philofophy in the univerfity of St Andrew’s ; an 
office for which it is difficult to conceive how he could 
have been fitted by the ftudy of epic poetry, and clofe 
attention to the cultivation of his farm. He was, how- 
ever, a man of a vigorous mind, and we never heard 
that he difgraced his electors. 

When he removed to St Andrew’s, his whole fortune 
exceeded not L>. 200 Sterling; a proof that his Epigo- 
niad had not enriched him. With this fum he pur- 
chafed a few acres of land in the neighbourhood of the 
city, carried his two unmarried fillers with him, and 
continued to live in the univerfity exadkly as he had 
lived at Ratho. In his profefibrial career there was no- 
thing remarkable. He patronifed genius, efpecially 
poetical genius, in the young men who attended his lec- 
tures, and by them was, of courie, loved and efteemed : 
(See Fergusson in this Suppl.) In the year 1768 he 
publifhed a volume of fables of no great value, previous 
to which the univerfity conferred upon him the degree 
of D. D.; and he died, after a lingering illnefs, on the 
loth of O&ober 1772. 

The manners of Hr Wilkie were fingular, and in 
fome refpedls dilgufting. He has been feverely blamed 
for his penurioufnefs, but, in our opinion, unjuftly. His 
father had left him in debt, with nothing but the profits 
which he might make of a fmall farm to difcharge that 
debt, and to fupport himfelf and three fifters. In him, 
therefore, rigid economy was, for many years, a virtue ; 
and he knows little of human nature, who can blame a 
man for not breaking habits which it had been the duty, 
as well as the bufinefs, of a great part of his life to 
form. Amid ft his moft rigid and offenfive economy, 
he was liberal in his donations to the poor. 

He had been feized, while minifter of Ratho, with 
an unformed ague, of which he never got entirely rid. 
For this complaint he thought an extraordinary perfpi- 
ration neceftary, and generally flept, in winter, under 
twenty-four blankets. He had an utter averfion from 
clean linen, and has been'known to bargain, when he 
ftaid a night from home, not only for the proper quan- 
tity of blankets to his bed, but alfo for fheets, which 
had been ufed by fome other perfon, and rendered fuf- 
ficiently dirty to pleafe his feeling. It will eafily be 
conceived that fuch a man was, to the laft degree, do- 
venly in his drefs. 

Sufpicions have been thrown out by his lateft, and 
we believe his only, biographer, that Dr Wilkie’s be- 
lief of the Chriftian religion was neither orthodox nor 
fteady. Not having had the pleafure of his acquaint- 
ance, we cannot pofitively fay that thefe fufpicions are 
groimdlefs ; but the writer of this article has converfed 
much about the author of the Epigoniad with a clergy- 
man who knew him well, and who would have been 
glad to accufe him erf infidelity, if he could have pre- 
ferred fuch an accufation with truth. He was a very 
abfent man, apt to forget wliat be was about -even when 
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difchaiging the moft folemn parts of his clerical duty, Wines, 
and ufed to fay of himfelf that he never could conduft Wood-cats.- 
a facrament. From this abfence of mind, and thofe 
confeffions of it, may have arifen the fufpicion that ha 
w'as not a firm believer; but no fuch fufpicion was ever 
thrown out to this writer by the clergyman already re- 
ferred to. 

He had one very extraordinary defect in a poet: He 
could not read aloud the fmootheft verfes, fo as to pre- 
ferve either the meafure or the fenfe of them. Of this 
Dr Anderfon has produced very complete proof in his 
life of Wilkie, prefixed to his poetical works in the E- 
dinburgh edition of the Britifh Poets. With all his 
defeds, however, and all his foibles, he was unqueftion- 
ably a genius, and, we are inclined to believe, a good 
man. 

WINES (fee that article, Encycl. and Vegetable Svs- 
stancss, Suppl.) are fo often adulterated with minerals 
prejudicial to the health, that various methods have 
been devifed for deteding the adulteration. The pro- 
perty which liver of fulphur (alkaline fulphures) and he- 
patic air (fulphurated hydrogen) pofftfs of precipita- 
ting lead in a black form, has been long ago made pub- 
lic ; and this property has been employed to determine 
the quality of wines by means of the liquor probatorius 
IVirtembergenfiSy or Wirtemberg proving liquor. But 
in trying wines fuppofed to have been adulterated, this 
proof does more hurt than fervice, becaufe it precipi- 
tates iron of the fame colour as the pernicious lead. 
Many wine merchants, therefore, of tly: greateft refpec- 
tability, rendered by thefe means fufpeded, have been 
ruined. 

The following is recommended by M. Hanhemann 
as a better teft of found wines than the proving liquor 
of Wirtemberg. Mix equal parts of oyfter ihells and 
crude fulphur in a fine powder, and put the mixture in- 
to a crucible. Heat it in a wind furnace, and increafe 
the fire fuddenly, fo as to bring the crucible to a white 
Ireat, for the fpace of 15 minutes. Pulverife the mafs 
when it is cool, and preferve it in a bottle elofely flop- 
ped. 

To prepare the liquor, put 120 grains of this pow- 
der, and 120 grains of cream of tartar (acidulous tar- 
tarife of potafh), into a ftrong bottle ; fill the bottle 
with common water, which boil for an hour, and then . 
let it cool j clofe the bottle immediately, and (hake it 
for fome time : after it has remained at reft to fettle, 
decant the pure liquor, and pour it into fmall phials ca- 
pable of holding about an ounce each, firft putting into 
each of them 20 drops of muriatic acid. They mull be 
flopped very clofely.with a piece of wax, in which there 
is a fmall mixture of turpentine. 

One part of this liquor, mixed with three parts of 
fufpeded wine, will difeover, by a very fenftble black 
precipitate, the lea ft traces of lead, copper, &c. but 
will produce no efted upon iron, if it contains any of 
that metal. When the precipitate Iras fallen down, it 
may ftill be difeovered whether the wine contains iron, 
by faturating the decanted liquor with a little fait of 
tartar (tartareous acidulum of potafh), by which the 
liquor will immediately become black. Pure wines re- 
main clear and bright after this liquor has been added 
to them. 

WOOD-cuts are engravings on wood, commonly 
j K ou 
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W«sc!-cu?s on box, which, in many cafes, are ufed with advantage 
 inftead of copper-plates. The art of cutting or engra- 

ving on wood is undoubtedly of high antiquity ; for 
Chinefe printing is a fpeeimen of it. (See China, 
n 127 Encycl.) Even in Europe, if credit be due to 
Papillon. this art was pra&ifed at a period conliderably 
remote ; for he mentions eight engravings on wood, en- 
titled, “ A renrefentation of the warlike a&tons of the 
great and magnanimous Macedonian king, the bold and 
valiant Alexander; dedicated, piefented, and humbly 
offered, to the moft holy father, Pope Honorius IV. 
by us Alexander Alberic Cunio Chevalier, and Ifabella 
Cunio, &c.” This anecdote, if true, carries the art of 
cutting in wood back to 1284 or 1285 ; for Honorius 
occupied the papal throne only during thefe two years. 
Even this is not the remotefl period to which fome have 
carried the art in Europe ; for the ufe of feals or fig- 
nets being' of very high antiquity, they imagine that 
the invention of wood-cuts mult be coeval with them. 
The fuppolition is certainly plaufible, but it is not fup- 
ported by proof. The eailieft impreflion of a wooden- 
cut, of which we have any certain account, is that of 
St Chriftopher carrying an infant J.efus through the 
fea, in which a hermit is feen holding up a lantern to 
fliew him the way ; and a peafant, with a fack on his 
back, climbing a hill, is exhibited in the back ground. 
The date of this impreffion is 1423. 

In the year 1430 was printed at Haarlem, “ The 
hidory of St John the evangelitl and his revelation, re- 
prefented in 48 figures in wood, by Lowrent Janfon 
Cotter;” and, in 1448, Jorg Schappf of Augfburg cut 
in wood the hiftory of the Apocalypfe, and what was 
called The poor man's bible. (See Engraving, Encycl. 
page 668.) 

A folio chronicle, publifhed 1493 by Schedal, was 
adorned with a vaft number of wood-cuts by William 
Plydenwurf and Michael Wolgemut, whofe engravings 
were greatly fuperior to any thing of the kind which 
had appeared before them. Wolgemut was the pre- 
ceptor of Albert Durer, whofe admirable performances 
in this department of art are juilly held in the highetl 
etteem even at the prelent day. 

About this period it became the practice of almoft 
all the German engravers on copper to engrave likewife 
on wood; and many of their wood cuts furpafs in beauty 
the imprefiion of their copper plates. Such are the 
wood-cuts of Albet Aldtorfer, Hitbel Pen, Virgil 
Soles, Lucas van Cranach, and Lucas van Lyden, the 
friend and imitator of Albert Durer, with feveral 
others. 

It appears that the Germans carried this art to a 
great degree of perfection. Hans or John Holbien, 
who flourithed in 1 500, engraved the Dance of Death, 
in a feries of wooden-cuts, which, for the freedom and 
delicacy of execution, has hardly been equalled, and 
never furpafled. 

Italy, France, and Holland, have produced many ca- 
pital artifls of this kind. Joan Tornaefium printed a 
bible at Lyden, in 1554 (a copy of which we have 
feen), with wooden-cuts of excellent workmanthip. 
Chriftopher Jegher of Antwerp, from his eminence in 
the art, was employed by Rubens to work under his 
infpeftion, and he executed feveral pieces which are 
jheld in much eftimalion; the character of thefe isbold- 
jnefs and fpirit. 
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The next attempt at improvement in this art w!as by Wood-cuts. 

Hugo da Carpi, to whom is attributed the invention ",'“v 
of the chiara feuro. Carpi was an Italian, and of the 
16th century; but the Germans claim the invention ai- 
fo, and produce in evidence feveral engravings by Mair, 
a difciple of Martin Shoen, of date 1499- His mode 
of performing this was very fimple. He firft engraved 
the fubjeft upon copper, and finithed it as much as the 
artifts of his time ufually did. He then prepared a 
block of wood, upon which he cut out the extreme 
lights, and then impreffed it upon the print; by which 
means a faint tint was added to all the reft of the piece, 
excepting only in thofe parts where the lights were 
meant to predominate, which appear on the fpecimens 
extant to be whitened with white paint. The draw- 
ings for this fpecies of engraving were made on tinted 
paper with a pen, and the lights were drawn upon the 
paper with white paint. 

There is, however, a material difference between the 
chiaro feuros of the old German mafters and thofe of the 
Italians. Mair and Cranach engraved the outlines and 
deep fiiadows upon copper. The impreffion taken in 
this ftate was tinted over by means of a iingle block of 
wood, with thofe parts hollowed out which were de- 
figned to be left white upon the print. On the con- 
trary, the mode of engraving by Hugo da Carpi was, 
to cut the outline on one block of wood, the dark fiia- 
dows upon a fecond, and the light fiiadows, or half 
tint, upon a third. The firft being impreffed upon the 
paper, the outlines only appeared : this block being 
taken away, the fecond was putin its place, ind being 
alfo impreffed on the paper, the dark fiiadows were 
added to the outlines; and the third block being put 
in the fame place upon the removal of the fecond, and 
alfo impreffed upon the paper, made the dim tints, 
when the print was completed. In fome inftance.s, the 
number of blocks were inereafed, but the operation was 
ftill the fame, the print receiving an impreffion from 
every block. 

In 1698, John Baptift Michel Pappillon pradtifed 
engraving'on wood with much fuccefs, particularly in 
ornamental foliage and flowers, fhells, &c. In the opi- 
nion, however, of fome of the moft eminent artifts, his 
performances are ftiff and cramped. From that period 
the art of engraving on wood gradually degenerated, 
and may be faid to have been wholly loft, when it was 
lately re-invented by Mr Bewick of Newcaftle. 

This eminent artift was apprentice to Mr Bielby, an 
engraver on metal of the very loweft order, who was 
feldom employed in any thing more difficult than the 
cutting of the face of a clock. Application having 
been made to this man for a wood-cut or two of the 
moft trifling defeription, the job was given to Thomas 
Bewick ; by whom it was executed in fuch a manner, 
that Mr Bielby, who was accuftomed to employ his ap- 
prentices in fuch work, advifed him to profecute en- 
graving in that line. The advice was followed ; and 
young Bewick inventing tools, even making them with 
his own hands, and fawing the wood on which he was 
to work into the requifite thicknefs, proceeded to im- 
prove upon his own difeoveries, without affiftance or 
inftruftion of any kind. When his apprenticeftiip ex- 
pired, he went to London, where.the obfeure wood-en- 
gravers of the time withed to avail themfelves of his abi- 
lities, while they were determined to give him no infight 

into 
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Wood-cuts. Into their art. He remained fome years in London; and 

during that time, if we miftake not, received from the 
Society for the Encouragement of y'rts, cjfc. a premium 
of confiderable value for the beft engraving in wood. 
Returning to Nevvcaftle, he entered into copartnerihip 
with his old mailer ; and eftablilhed his reputation as an 
artift by the publication of his admirable Hillory of 
Quadrupeds. This was followed by his Hi (lory of 
Birds, of which only one volume has yet (1800) ap- 
peared. 

John Bewick, brother to Thomas, learned the art 
of him, and pra&ifed it for feveral years in London with 
great applaufe. His abilities, however, though refpedl- 
able, were not, by the bell judges, deemed fo brilliant 
as his brother’s ; and owing to bad health, and the na- 
ture of his connexion with the bookfellers and others, 
he feems not to have advanced the art beyond the llage 
at which he received it. He died, three or four years 
ago, at Newcallle. 

Mr Nelbit, who executed the admirable Hudibras 
publilhed by Vernor and Hood (a), and Mr Ander- 
fon, whofe beautiful cuts adorn the poem entitled 
Grove Hi//, were the next, and hitherto have been the 
laft of Thomas Bewick’s pupils, who have appeared be- 
fore the public as artifts. By thefe gentlemen we are 
authorifed to fay, that the method pra&ifed by the an- 
cient engravers on wood, whofe works are Hill admi- 
red, mult have been different from that of Bewick and his 
pupils. What that method was feems to be altogether 
unknown. Papillon, who writes the bell hittory ex- 
tant of the art, gueffes indeed in what manner the old 
engravers proceeded fo as to give their works the 
fpirit and freedom for which they are famed ; but that 
his gueffes are erroneous feems evident from the fttff- 
nefs of his own works. The principal chara&eriftic in 
the mechanical department of the productions of the 
ancient mailers is the crofling of the black lines, which 
Papillon has attempted with the greateil awkwardnefs, 
though it feems to have been accomplilhed by them 
with fo much eafe, that they introduced it at random, 
even where it could add nothing to the beauty of the 
piece. In Bewick’s method of working, this crofs 
hatching is fo difficult and unnatural, that it may be 
confidered as impracticable (b). 

The engravers of Bewick’s fchool work on the end 
of the wood which is cut acrofs the trunk of the tree, 
in pieces of the proper thicknefs. As wood-cuts are 
generally employed in the printer’s prefs amidit a form 
of types, this thicknefs mult be regulated by the height 
of the types with which they are to be ufed. The 
tools employed are nearly the fame with thofe ufed in 
copperplate engraving, being only a little more deep, 
or lozenge, as engravers call it. They mull have points 
of various degrees of linenefs for the different purpofes 
to which they are applied, fome of them being fo much 
rounded off at the bottom as to approach to the nature 
of a goodge, whilft others are in fa£t little chilfels of 
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various fizea. Thefe chiffels and goodges, to which Wood-cat*. 
every artift gives the lhape which he deems moll con-      
vement, are held m the hand in a manner fomewhat 
different from the tool ot the engraver on copper, it be- 
ing neceffary to have the power of lifting the chips up- 
wards with cafe. To attempt a d^feription of this in 
writing would be in vam ; but it is eafily acquired, we 
are told, by practice. 

The pupils of the fchool of Bewick confider it as 
quite-improper to fpeak of his invention as a revival of 
the ancient art. Some old prints, it is true, have the 
appearance of being executed in the fame way with his; 
but others have certainly been done by a method very 
different. It is therefore not fair to appreciate the pre- 
lent art by what has been done, but by what may be 
done ; and that remains yet to be Ihewn. The art is 
in its infancy ; and thole who are difpofed to com- 
pare it with the art of engraving on copper, ought to 
look back to the period when the copperplate engraving 
was of fo recent invention as Bewick’s method of en- 
graving on wood. Marc Antonio, who engraved un- 
der the direftion of the great painter Raphael, thought 
it no mean proof of his proficiency in his art, that he 
was able to imitate on copper-plates the wood-cuts of 
Alocrt Durer ; and Papillon is highly indignant that 
there Ihould have been perfons fo very blind as to mif- 
take the copies for the originals.*'' if copper has its 
advantages over wood in point of delicacy and minute- 
nefs, wood has, in its turn, advantages not inferior in 
regard to ftrength and richnefs. Thofe prints which 
were executed under the aufpices of Titian and Ru- 
bens, will always remain a monument of the fpirit and 
vigour natural to wood engraving ; and if there be not 
ound in them all the attention to chiaro feuro, which 

the prefent age demands, it mull not be attributed either 
to defedt in the art, or to want of abilities in the artills, 
hut to the talle of the times when chiaro feuro was 
little underffood. It remains for fome enterpriling ar- 
tift to Ihew that the vigour of the ancient art may be 
attained by the prefent one, and at the fame time to 
add to that vigour thofe gradations of ffiade which are 
fo much admired in good copperplates. As there feems 
to be a more pcifed, or at leall a more pleafaut black 
produced by a wood than by copperplate printing, and 
certainly a more perfeA white (c), who will fay that 
any intermediate (hade whatever may not be produced 
by wood-cuts? To attempt this on.a fmall fcale would 
indeed be vain, becaufe the (lighted variation, produced 
by a little more or lefs ink, or a harder preffure in 
printing, bears fuch a proportion to a very (hurt line, 
as muff rteceffarily render the attempt abortive. 

Wood-engraving, therefore, muff always appear to 
disadvantage while it is confined to fmall fubje&s, and 
will never reach its ftation as a fine art, till thofe who 
are engaged in its cultivation improve upon the difeo- 
veries of one another, and apply to fubjcAs to which it 
is properly adapted. As an economical art for illuftra- 

5 K 2 ‘ -ting 

(a) The defigns were by Thornton ; and the cuts from them have been compared to Holbein’s far-famed 
Dance of Death. 

(b) Mr Nefbit has indeed introduced fomething of it into two or three of his pieces, merely to fhew that he 
could do it; but fo great was the labour, and fo little the advantage of this improvement, if fuch it can be c^Ucd^ 
that probably it will not be attempted again. 

(c) The parts of the print intended to be white are not even touched by the wood-block. 
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ting mechanics and other fubjc6fcs of fcience, it is too 
little employed even in its prefent Hate. 

The works of Bewick and his pupils, which have 
hitherto been pubh'fhed, are not numerous. Befides 
his quadrupeds and birds, the Idudibras by Neibit, and 
the Grove Hill by Anderfon, which have been already 
noticed, we are acquainted with none but the follow- 
ing :—Goldfmith’s Traveller and Deferted Village with 
elegant plates, all by Thomas Bewick, except one or 
two which were executed by John ; Somerville’s Chace 
by the fame artifts, executed' in a ftyle of elegance which 
perhaps has never been fm palled ; a View of St Ni- 
cholas’s Church, Newcatlle, 15 inches long, by Mr 
Nefbit, who received for it a filver medal from the So- 
ciety for the Encouragement of Arts, and an honorary 
letter from the Society of Antiquaries. 

WOOL-combing, a well known operation, which, 
when performed hy the hand, is laborious, tedious, and 
expenfive. The expence of it through all England has 
been calculated at no lefs a fum than L. 800,000 ; and 
to leflen this expence, the Rev. Edmund Cartwright of 
Doncafter in Yorklhire bethought himfelf, fome years 
ago, of carding wool by machinery. After repeated 
attempts and improvements, for which he took out 
three patents, he found that wool can be combed in per- 
fe£tion by machinery, of which he giveAhe following 
defeription : 

Fig. 1. Is the crank lafher. A is a tube through 
which the material, being formed into a fliver, and 
flightly twilled, is drawn forward by the delivering rol- 
lers. B, a wheel fall upon the crofs-bar of the crank. 
C, a wheel, on the oppofite end of whofe axis is a pi- 
nion working in a wlreel upon the axis of one of the de- 
livering rollers. 

Note, When two or more flivers are required, the 
cans or balkets, in which they are contained, are placed 
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upon a table under the lafher (as reprefented at D), 
which, by having a flow motion, twills them together 
as they go up. 

Fig. 2. Is the circular clearing comb, for giving work 
in the head, carried in a frame by two cranks. Fig. 3. 
The comb-table, having the teeth pointed towards the 
centre, moved by cogs upon the rim, and carried round 
upon trucks, like the head of a windmill. <7, the 
drawing rollers, c, d, callender, or conducing rollers. 

Note., Underneath the table is another pair of rollers, 
-for drawing out the backings. 

In the above fpecification, we have omitted the frame 
in which the machine Hands, the wheels, fhafts, &c. 
Had thefe been introduced, the drawing would have 
been crowded and confufed ; befides, as matters of in- 
formation, they would have been unneceffary, every me- 
chanic, when he knows the principles of a machine, be- 
ing competent to apply the movements to it. 

The wool, if for particular nice work, goes through 
three operations, otherwife two are fufficient: the firit 
operation opens the wool, and makes it connefl toge- 
ther into a rough fliver, but does not clear it. The 
clearing is performed by the fecond, and, if neceflary, a 
third operation. A let of machinery, confifling of three 
machines, will require the attendance of an overlooker 
and ten children, and will comb a pack, or 240 lb, in 
twelve hours. As neither lire nor oil is neceflary for 
machine-combing, the faving of thofe articles, even the 
fire alone, will, in general, pay the wages of the over- 
looker and children ; fo that the actual faving to the 
manufadlurer is the whole of what the combing cofls, 
by the old imperfe6t mode of hand-combing. Machine- 
combed wool is better, efpecially for machine-fpinning, 
by at leafl 12 per cent, being all equally mixed, and the 
flivers uniform, and of any required length. 

Wool- 
conibirtLi’. 
 , > 

Teaft. YEAST, is fometimes a defideratum, when it cannot 
eafily be found. By pouring on a fmall tea-cup- 

ful of fplit peas a pint of boiling water, and fetting the 
vefiel containing the peas and water for a night on the 

hearth or any warm place, a froth will in the morning Yeafl. 
be found on the top of the water, which, we are aflu- v— 
red, will anfwer all the purpofes of yeafl. 

Zaminy, ZAMINY, in the language of Bengal, fecUrity. 
Zemindars. ZEMINDARS, the great landholders of Bengal. 
^n ~ ¥ This is the original fenfe of the word ; but it is now 

mo e HrhHly applicable to thofe who have their title 
conHituted or confirmed by a patent or charter from 
government, by which they hold their lands or Zemin- 

daries upon certain conditions. As far as can be alcer- Zemindars' 
tained from the narrations of hiflory, it appears that, in — 
times prior to the irruptions of the Mahomedans, the 
Rajahs who held their refidence at Delhy, and pofieffed 
the fovereignty of HindoHan, deputed officers to colleft 
their revenues (Kheraje), who were called in the Indian 

language 
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Zemindars.language Choudheries. The word Zemindar is Perfian, 

and that language can have had no currency in the 
countries of India, until it was introduced by the peo- 
ple of Perfia. When the Emperor Shehab-ul-Dien 
Ghory conquered the empire of Hindoltan (a), he left 
Sultan Cutub-ul-Dien to be his viceroy at Delby, and 
adminifter the government of Hindoftan. From that 
time the cuftoms and praftices of the Mahomedans be- 
gan gradually to be eftablifhed in India : their armies 
were fent into the countries of the reduced Rajahs, un- 
der the command of Omrahs, in order to preferve the 
conquelt ; and lands were allotted to them to defray 
the expence. From hence arofe the fyltem of Jaghire- 
darry in Hindoftan. But when thefe Omrah Jaghire- 
dars had eftablifhed their own ftrength, feveral of them 
rebelled againft the imperial authority, and afpired at 
the crown. Thus circumftanced, the emperors, in or- 
der to obviate thefe mifehiefs, thought it would be 
more politic to commit the management of the country 
to the native Hindoos, who had moft diiliiiguiftied 
themfelves by the readinefs and conftancy of their obe- 
dience to the fovereign power. 

In purfuance of this plan, diftridls were allotted to 
numbers of them under a reafonable revenue (Jummah 
Monafib), which they were required to pay in money 
to the governors of the provinces, deputed from the 
Emperor. And in cafe any one of the Omrahs or pro- 
vincial governors Ihould fwerve from his allegiance, the 
Zemindars of that country were to exert themfelves in 
fuch a manner as Ihould check rebellion, and reftore 
good government. For this purpofe, giants of Ze- 
mindary were feverally conferred upon fuch of the Hin- 
doos as were obedient ; defevibing their apportionment 
of the country ; and every perfon who had received a 
grant under the authority of the crown was thereby 
fully invefted with the fundlions of Zemindar. 

The fun&ions of a Zemindar are, ill, The preferva- 
tion and defence of their refpedlive boundaries from 
traitors and infurgents ; 2dly, The tranquillity of the 
fubje&s, the abundance of cultivators, and increafe of 
his revenue ; ^dly, The punilhment of thieves and rob- 
bers, the prevention of crimes, and the deftrudtion of 
highwaymen. The accomplilhment of thele objedfts is 
confidered in the royal grant as the difeharge ot office 
to the fovereign ; and on that account the word office 
(Khidmut) is employed in the Dewanny Sunnud fora 
Zemindary. 

It was a rule in the times of the ancient emperors, 
that when any of the Zemindars died, their effedts and 
property were fequeftrated by the government. After 

which, in confideration of the rights of long ftrvice, Zemindar*, 
which is incumbent on fovereigns, and elevates the dig- —v— 
nity of the employer, Sunnuds for' the office of Ze- 
mindary were granted to the children pf the deceafed 
Zemindar; and no other perfon w, s accepted, becaufe 
the inhabitants could never feel for Sny ft ranger the at- 
tachment and affedion which they naturally entertain 
for the family of their Zemindar, and would have been 
afflidfed if any otherdiad been put over them. For this 
reafon, the emperors, coniidering it as a means of con- 
ciliating the minds of the people, gracioully fixed and 
confirmed the children of the deceafed Zemindar in the 
office of their fathers and grandfathers, by. ifl’uing new 
Sunnuds to transfer the poffelfion to them. By degrees 
Zemindaries became truly heritable property, which, 
however, could be transferred by gift or fale from one 
family to another. They could likevvife be forfeited to 
the fovereign, by the Zemindar’s deviating from his al- 
legiance, negledling to pay his tribute, or to difehargt 
the duties of his ftation. , 

It is univerfaily known, fays Sir Charles Roufe 
Boughton, that, when the' three provinces of Bengal, 
Bahar, and Orifla, were ceded to the Britilh Eaft India 
Company, the country- was diftributed among the Ze- 
mindars and Talookdars (fee that article in this Vol.)r, 
who paid a ftipulated revenue, by twelve ioftalments, to 
the fovereign power or its^delegates. They aflembled 
at the capital in the beginning ol every Bengal year 
(commencing in April), in order to complete their fi- 
nal payments, and make up their annual accounts ; to 
fettle the difeount to be charged upon their feveral re- 
mittances in various coins for the purpofe of reducing 
them to one ftandard, or adjuft their concerns with their 
bankers ; to petition for remiffions on account of ftorms, 
drought, inundation, difturbances, and fuch like ; to 
make their reprefentations of the ftate, and occurrences 
of their diftri&s : after all which they entered upon the 
colle&ions of the new year; of which, however, they 
were not permitted to begin receiving the rents from 
their own farmers, till they had completely clofed the 
accounts of the preceding year, fo that they might not 
encroach upon the new rents, to make up the deficien- 
cv of the paft. Our author proves, we think com- 
pletely, the right of the Zemindars to transfer their 
poffeffions, either by inheritance to their children, or, 
with the confent of the fovereign, to other families 
and he argues llrenuoufly and fuccefsfully againft the 
bad policy, as well as injultice, of interfering with thofc 
rights, as long as the Zemindars difeharge the duties of 
their feveral ftations. 

(a) This event took place towards the clofe of the 12th century. N. B. Kherdjc fignified fpecifically the tri- 
bute paid by a conquered country. 

FINIS. 
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